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STRATEGIES FOR IMPROVING STUDENT ABILITIES 

TO COMPREHEND SCIENCE 

TEXTBOOK MATERIAL 

by 

Kathleen H. Coyne 

June, 1982 

Fifty-five supplementary lessons were developed to be used in 

conjuJction with a science text entitled Introductory Physical Science 

(1976). The lessons consisted of the following comprehension strategies: 

(a) structured overviews, (b) cloze procedures, (c) locational skill 

strategies, (d) vocabulary reinforcement strategies, and (e) reading 

guides. The lessons were prepared to enrich and improve the reading 

and understanding of the science textbook. 
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Chapter 1 

BACKGROUND OF THE STUDY 

A number of articles have been published on the topic of reilding 

for comprehension in the subject areas. Fay and Jared (1975) stated 

that ~here has been an extensive body of research literature about 

content area reading. However, Fay and Jared also found that there 

was a lack of information on reading as it related to the development 

of comprehension in ~he area of science and scientific concepts. There 

is a need for more research and information to help science teachers 

develop strategies and techniques to aid students in the use of text­

books as tools to gain information and develop concepts. 

Science teachers have not been given instruction on how to help 

students read and use the textbook effectively. Science teachers need 

time to acquire help in directing students in the utilization of scien­

tific information and comprehension techniques. Olsen (1968) found that 

many subject matter instructors believed that they did not have 

sufficient time to utilize reading comprehension strategies in conjunc­

tion with regular subject matter in the classroom. Studies by Olsen 

(1968) and Otto (1969) found that slightly under 50% of the instructors 

responding stated that they did not know the special reading skills 

needed by students to use the textbook to gain information in science. 

Thelen (1976) emphasized that the result of this study may partially 

explain why few content teachers stated that they have time to teach 

reading skills related to their subject. 
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Time is needed both to help content teachers understand specific 

comprehension strategies and to help them use tl1ese skills in the class-

room. 

Specific subject information was also emphasized in Olsen 1 s (1968) 

research when he found that most secondary teachers stated that they 

were teachers of content first. Thelen (1976) stated that every sub-

ject matter teacher should not be a reading instructor alone but rather 

a teacher of content and learning skills simultaneously. It appears 

therefore, that there is a need to help teachers learn about the study 

skills that could make reading science texts more meaningful for students. 

Need for the Project 

It seems appropriate that instruction in ~omprehension be combined 

with the teaching of scientific information. Robinson and Thomas (1977) 

supported this when they stated, 11 You can upgrade your students 1 reading 

comprehension in any classroom where reading is required 11 (p. 101). A 

biology teacher, as reported by Robinson and Thomas, said that instructing 

science p~pils in reading is a necessary part of a science course and 

pays off all year in increased efficiency for students. However, although 

the need is great, few materials combining scientific information and 

instruction in comprehension were found. 

Purpose of the Proj ect 

The purpose of this project was to prepare a set of materials to 

be used by ninth grade science teacl1ers in Northshore School District 

to assist students in reading their science text. 

The Project 

The project presented 55 student strategies in ninth grade sc'ience 
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which consisted of the fol lowing types: (a) advance organizers, 

(b) cloze procedures, (c) locational skills techniques, (d) vocabulary 

reinforcement, and {e) reading guides. The materials were ba sed on 

the content of chapters one through five in Introductory Physical 

Science (1976). 

Limitation s of the Project 

This study was Jimited to the following factors: (a) the materials 

were written primarily for ninth grade students, (b) comprehension 

materials to enrich the science course of study were taken from a single 

science text entitled Introductory Physical Science by Abegg, Cross, 

Dodge, Haber-Schaim, and Walter (1976), and (c) student lessons were 

limited to chapters one through five of the stience text. 

Definition of Terms 

For the purpose of this paper the following terms are defined. 

Advance organizer. An organizational scheme such as this one is 

often given to students before new ideas or concepts are introduced 

(Aus ube l", 1968) . 

Cloze procedure. This technique represents, 1 '°any of several ways 

of measuring a person 1 s ability to restore omitted portions of an oral 

or written message from its remaining context 11 (Harris & Hodges, 1.981, 

p. 53). 

Cognitive structure. Cognitive structure consists of all of an 

individual 1 s existing knowledge (Thelen, 1976, p. 12). 

Content area reading. This represents reading in a specific subject 

area such as science, mathematics, or social studies (Thelen, 1976). 
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Content area vocabulary. Content vocabulary consists of the 

specialized vocabulary within a particular field of study as science, 

history, and art (Thelen, 1976, p. 1). 

Fry formula. A specific technique or formula which determines the 

reading difficulty of textbooks by utilizing the number of sentences 

and the number of syllables in sample passages (Burron & Claybaugh, 1974). 

Hierarchy of target concept. This paradigm represents a model for 

concept attainment, and is an extension of the structured overview. 

Through this hierarchy concepts are clarified by showing conceptual 

relationships through the use of: (a) examples of the concept, (b) non­

examples of the concept, (c) relevant attributes of the concept, and 

(d) irrelevant attributes of the concept (Fray~r, Frederick, & Klausmeier, 

1969) . 

Levels of thinking. 

Literal level comprehension. 11 Literal level comprehension is 

determining what the authors are saying, and what information their 

words convey'' (Herber, 1970, p. 43). 

Interpretive level comprehension. 11The readers determine what the 

authors mean by what they say. They develop intrinsic concepts from 

the relationships they perceive in the authors' information: (Herber, 

1970, p. 45), 

Appl led level comprehension. 

This is the process of taking what has been known and 
applying it to what has just been learned, then evolving 
ideas which encompass both but extend beyond them. 
These ideas can be called extrinsic concepts, since they 
are external to the text, even though they embrace ideas 
in the text (Herber, 1970, p. 47). 
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Magic square. This represents a set of numerals placed within a 

square configuration. These numerals when added together, either verti­

cally or horizontally, end up with equal sums (Vacca, 1975). 

Physical science. Physical science represents the· study of matter 

and its properties. The particular emphasis for the ninth graders in 

this study was to comprehend the atomic model of matter (Abegg, Cross, 

Dodge, Haver-Schaim, & Walter, 1976). 

~ea din g comprehension. Comprehending subject matter materials 

often involves these skills: understanding of vocabulary, recognizing 

main ideas, recognizing important details, developing visual images, 

predicting outcomes, following directions, recognizing the author 1 s 

organization, and the ability to critically read (Wilson, 1977). 

Reading guide. The purpose of a reading guide is to 11 simulate 

the inductive process of thinking by asking students to make inferences 

about what they read, support those inferences from facts supplied in 

· the text, and then apply them to other situations 11 (Thelen, 1976, p. 22). 

Specific~] ly, a reading guide helps the student to utilize subject 

matter information at the literal, interpretive, and appl led levels of 

comprehension (Herber, 1970). 

Structured overview. A structured overview is a 11visuai' and ver-

bal representation of the key vocabulary of a learning task in rel~tion 

to more inclusive or subsuming vocabulary concepts that have been pre­

viously learned by the student 11 (Estes, Thomas, & Barron, 1969, p. 40-48). 

Summary of the Fol lowing Chapters 

Chapter two is a review of the literature related to the study. 

Chapter three includes the procedures used to develop the science 



lessons. Chapter four consists of the project which contains pupil 

science strategies. Chapter five summarizes the project and offers 

conclusions and recommendations for future study. 

6 



Chapter 2 

REVIEW OF RELATED LITERATURE 

Introduction 

This chapter summarizes research and studies by authorities on 

the use of reading comprehension techniques on science instruction in 

the se~ondary school. The summary was developed under two headings: 

(a) the student problems in reading scientific material; (b) the 

development of specific comprehension techniques for student use in 

the science area. 

Much of the reading comprehension research presented by authorities 

has used the classroom science text as a foundation for measuring the 

overall readability of science materials and the difficulty of science 

vocabulary and concepts. Therefore, i't is important to substantiate 

the major function of the science· text within the classroom. Gould 

(1977) surveyed science text use in classrooms. He observed 104 science 

lessons ih 12 secondary schools. He found that 60% of the lessons used 

the assigned class science text in some manner. Gould divided the way 

teachers used texts fnto percentiles. Teachers using their text to 

support facts in their lessons were ranked 42.3%. Instructors utilizing 

book illustrations were rated at 36.5%. He also found that 11.5% of the 

instructors required pupils to use their texts for information not 

previously mentioned in the class lesson. Gould (1977) stated that, 

"Teachers made little use of texts for guiding practical work, as a 

source of data for solving problems, or as a source of questions" (p. 248). 

7 



Gould, in his study, found that there was widespread use of the 

written text as a source of information for pupils in the science 

area. 

Student Reading Related Difficulties with Science Material 

8 

Although research has shown widespread use of basic science texts 

in the classroom, many students experience difficulty dealing with the 

material in these texts. Summaries of research deal ing · with pupi 1 

difficulty will include the following areas: (a) readability of science 

materials, and (b) vocabulary difficulties in science texts. 

Readability of Science Materials 

Daugs (1970), in his research, found that more than 50% of secon­

dary students utilizing common school subject textbook materials could 

not read these books profitably. He also stated that a large segment 

of the student population was reading at the frustration level. It 

appears to be a logical assumption that the pub! isher-indicated grade 

level for a text would be an accurate indication of the readability of 

the texi. Unfortunately, this was not always the case. Barnes (1973) 

found in her study of six different series of content area texts that 

the publisher's designation of the readability level of the text and 

the estimated readability level of the text utilizing the Fry Readability 

Formula differ as much as three grade levels. Results also showed that 

usually the estimated grade level was higher than the level indicated 

by the publisher. Barnes (1973) found that only in a few cases did the 

publ isher 1 s designation and the estimated readability level agree. 

Lockwood (1959) reported that in several studies by Mall ison the data 
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indicated that, "reacling difficulty levels in many textbooks in al 1 

areas of science are too advanced for the students for whom they are 

written" (p. 551). Reaclabi 1 ity levels of texts averaging higher than 

student ability seems to be a general problem in the science area, as 

also noted by Gilbert (1973), Gould (1977), and Thelen (1974). 

If the publ isher 1 s reading level of the science text is different 

from the actual reading level of the text itself, science instructors 

need to be aware of this so that adjustments can be made in instruction. 

Will iains reported that when the text reading level was adjusted to the 

reading level of the students' comprehension scores the reading rates 

improved significantly (Gilbert, 1973). These findings were also 

supported in studies by Chall (1954), Dale-Chall (1948), Gates (1961), 

Lorge (1944), and Yoakam (1951). It appears that science students would 

comprehend more knowledge if the materials used in their instruction 

were at their reading levels. 

Vocabulary Difficulties in Science Texts 

O'Toole and Bedford (1969) found in their study that fifth grade 

textbook science terminology represented the major contributing factor 

to raising the readability level of the science texts. Specific read­

ability levels were computed utilizing the Dale Chall Reading Formula. 

When science terminology was removed reading levels were consistent with 

student grade level. Whe11 science terminology was included some texts 

raised in difficulty one to two grade levels. Evidently a technical 

vocabulary can raise the reading difficulty of a science text. 

Although science terminology could present a problem for students, 

specific definitions of scientific terms are often not given in the text 
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itself. Evans (1968) found in his study of 10 science textbooks that 

only a portion of scientific terms, between 55% and 73%, were explained 

in the text. Most of these explanations were through diagrams or words 

in the text. Few terms were explained using glossaries, footnotes - or 

photographic plates. Most of the books studied, between 28% and 73 %, 

emphasized technical vocabulary by a typography change. However, some 

of those terms, bet~Jeen 7% and 24%, had not been explained in the text. 

The Evans (1968) study found that 46% of science terminology was ex­

plained only in one way, 24% in two ways, less than 1% in three ways, 

and none in more than three ways. Evans (1968) summarized his research 

by stating that communication would be facilitated in a science text 

if all terminology was thoroughly defined i~ the text. 

Inadequately defined terms may account for some pupil comprehension 

difficulties. Rate of vocabulary introduction may also be a fact 

contributing to student lack of comprehension. Robinson (1964) inves­

tigated the rate at which scientific terms were introduced in a co~nonly 

used s~ience series entitled BSCS Blue Version. He found in his study 

that an average of 7,000 scientific terms was introduced in one text. 

This represented a rate of 4 per 100 words, Daugs and Daugs (1974) 

summarized Robinson's rate of new vocabulary research by stating that 

new terms presented that quickly were similar in experience to l~arning 

foreign languages for students. The studies cited indicate that the 

rate at which new vocabulary is introduced in science texts may be high. 

Daugs and Daugs (1974) in studies found students to be experiencing_ 

comprehension difficulties in the science area. Contrary to some of 

the preceding information they did not find a significant correlation 
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between technical science vocabulary and comprehension difficulties 

for students. Daugs and Daugs 1 research on science passages dealt with 

surface structure and deep structure within the vocabulary utilized. 

Surface structure represented 1 iteral ly what the student had seen or 

heard. Deep structure constituted the subjective interpretation of 

what the pupil understood the sentence to mean. Daugs and Daugs 

analyzed passages and determined the number of ways a pupil could inter­

pret each phrase (deep structure). Basically, Daugs found that reading 

difficulty was not significantly related to the total number of deep 

structure sentences. The significant findings were that reading diffi­

culty increased with sentence length and with the increased use of 

abstract vocabulary. They concluded that the difficulty of a science 

text relates significantly to the author 1 s style, sentence length, and 

vocabulary usage. 

Gardner (1980) found in his study that the use of abstract termi­

·nology specifically in the area of logical connectives often posed a 

comprehension difficulty for secondary science students. Gardner (1980) 

defined a logical connective as 11a term which serves to link a phrase, 

clause, or sentence to another clause or sentence 11 (p. 224). A list 

of 350 of the most frequently used connectives in secondary science 

texts was formulated by graduate science students at Monash University. 

Next, secondary science pupils, from grades 7 through 10 in Victoria, 

Australia, were administered fil ]-in-the-blank and multiple choice 

tests to determine difficulty of specific connectives. One significant 

area of difficulty for students was with connectives which signal 

similarities, comparisons, and contrast such as: converselt, despite, 
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in contrast, similarly, as, and like. Gardner (1980) stated that there 

was a significant use of logical connectives in the science texts 

examined in his study. Understanding of logical connectives has been 

shown by .the studies to be an important skill in the comprehension_ of 

science texts. Therefore, science students need to be instructed 

specifically about the meanings and uses of logical connectives utilized 

in science materials. 

In summary, research has shown that the majority of science 

teachers have utilized their science texts for instructional purposes. 

However, a variety of readability studies have also concluded that 

numerous science texts were above the publisher's designated grade level. 

The fact that many science teachers may be teaching from texts which 

are too difficult for their pupils points to a need for further infor­

mation dealing with specific areas of difficulty within science materials. 

One such difficulty surveyed was vocabulary. Problems with science 

vocabulary include: lack of vocabulary definition within science 

materials, high rate of science terminology introduction, frequent use 

of abstract terms in science texts, and the use of difficult grammatical 

morphemes such as logical connectives in science materials. 

Development of Specific Comprehension Techniques in the Science Area 

There were several studies that presented techniques to enhance 

comprehension in science areas. Thelen (1976) stated that if science 

information and reading comprehension techniques were combined pupils 

would be further aided in developing the skills necessary to learn 

and apply science concepts. Gilbert (1973) wrote, 11 By being able to 

effectively read the materials presented {by the text) students will 
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be more able to associate the direct experience of experimentation 

with the vicarious experiences of reading, thereby developing strong, 

meaningful relationships 11 (p. 73). Thelen (1976) has suggested speci­

fic comprehension tools which combine reading techniques and scientific 

information. These include the cloze procedure, advance organizers, 

vocabulary techniques and reading guides. 

Use of the Cloze Procedure 

Numerous studies have been conducted utilizing the cloze technique 

as a comprehension test. Gould (1977) used the cloze procedure as a 

basis for determining whether secondary pupils could comprehend 

science text information in his study. Specifically he used 100 word 

passage comprehension tests with every fifth word deleted. Daugs and 

Daugs (1974) utilized the cloze procedure as the basis for pinpointing 

the difficult sections of specific passages and sentences in science 

materials. They developed five, 713 word cloze procedure tests by de­

leting every first, second, third, fourth, or fifth word for each of 

the five ~orms respectively. They then took the most difficult sen­

tences as depicted by the cloze procedure and analyzed the deep structure 

involved. Gardner (1980) used the cloze technique with scientific 

materials. He used this technique as a test to assess student difficulty 

and as an instructional aid for pupils. First, he blocked out specific 

logical connectives in a cloze technique fashion. As a test, Gardner 

could pinpoint logical connection difficulties in specific passages 

by utilizing cloze procedure results. As a learning tool he gave 

pupils repeated chances to practice filling in the appropriate 
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connective in cloze type passages. A variety of studies in the science 

area have used the cloze procedure as a basis for comprehension testing 

and as a learning tool. 

Rese~rch has established a standardized scoring frame for teacher 

utilization of student cloze test scores. Bormuth (1967), Rankin and 

Culhane (1969) established a scoring frame of reference for the cloze 

technique by comparing it to scores on multiple choice tests. Their 

conclusions indicated that a multiple choice score of 90% was compar­

able to a 61% score using the cloze. A cloze score of 41% was compar­

able to a 75% multiple choice score. Theien (1976) summarized Rankin 

and Culhane 1 s research by saying that cloze scores between 41 and 60% 

usually mean that the material presented w~s at the student's instruc­

tional reading level. That is, the material is suitable if the pupil 

receives teacher guidance. Thelen also stated that a cloze score 

above 60% may be an indication that the pupil is capable of reading 

the material without instructor assistance. On the other hand, cloze 

scores below 40% should be carefully dealt with by the teacher. These 

pupils may need more background and assistance than the rest of the 

tlass. Both Taylor (1953) and Bormuth (1968) found in their studies 

that cloze tests were more valid in indicating reading ability if· 

~ correct answers were given only for exact replacements of words rather 

than for synonyms. However, Thelen stated that for cases where 

~upils score below 40%, the type of word utilized as a replacement 

may give significant information on the type of problem the pupil is 

experiencing. The cloze technique represents a way to determine the 
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student's ability to comprehend a given textbook and is also a possible 

1 earn i n g tool . 

Use of Advance Organizers 

A study of research indicates that pupil's abilities to under­

stand content area materials can be improved significantly with the 

use of advance organizers. Ausubel (1968), Raths (1967), and Robinson 

(1970) found in their studies that new material taught to pupils must 

be organized in a fashion that "fits" with the previously existing 

cognitive structure of the students. Ausubel termed the organized 

information to be taught before new concepts are learned as "advance 

organizers". 

Ausubel (1960) experimented in science with a group of college 

students on the properties of steel and the relation of its internal 

structure to temperature, carbon content, and cooling rate, During 

the experiment the variable or treatment group received a short 

advance organizer type introduction. Meanwhile, the control group 

received a short historical passage. Both groups then studied a 

specific passage in their texts concerning the topic of steel. Three 

days later both groups took a multiple choice test. The treatment 

group who had read the written advance organizer performed significantly 

better on the multiple choice test than did the control group. In' 

another study Ausubel (1960) found that verbal advance organizers 

increased verbal learning when tested immediately after treatment. 

Ausubel (1960) in his research, has found the use of advance organizers 

in written and oral form to significantly increase pupils' test scores. 
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Kahle and Rastovac (1976) found significant gains for students 

utilizing advance organizers. The population consisted of 116 subjects 

enrolled in biology classes in a rural high school. Both the treat­

ment and control groups received identical group lessons, self 

instructional materials, and audio-tutorial learning tools. Prior 

to receiving each of three learning units the experimental group re­

ceived an advance organizer and the control group received an histori­

cal narrative. A summative achievement test containing a variety of 

levels of thinking, as characterized by Herber 1 s thinking levels or 

Bloom's taxonomy, was utilized to measure student achievement. A 

significant difference in favor of the advance organizer group was 

found on the achievement test. Kahle and Rastovac (1976) emphasized 

the following points of their study: (a) instructional materials were 

carefully sequenced so that they were compatible with an advance 

organizer, (b) sufficient instructional time was given for the learner 

' to subsume knowledge, and (c) learning was assessed by a tool which mea-

sured several thinking levels of learning. Kahle and Rastovac (1976) 

found significant positive effects for secondary science students in 

comprehension at all conceptual levels when utilizing advance organi­

zers. 

West (1981) utilized advance organizers in chemistry with high 

school students. He found significant positive results for the advance 

organizer group during three different studies using material on solu­

bility product problems. Similar positive results utilizing advance 

organizers were also found by Novak (1974). Ausubel and Fitzgerald 
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(1961), Fitzgerald and Ausubel (1963), Koran and Koran (1973), and 

Nordland and Kahle with Randak and Watts (1975) all found significant 

comprehension improvement when advance organizers were used with 

students who scored below-average on standardized reading tests. Kahle · 

and Nordland (1975) and Ausubel and Fitzgerald (1969) found in their 

studies that the positive effects of the advance organizer can be lost 

by subsequent learning. Studies have shown that advanc~ organizers 

can cause a positive effect on comprehension in the classroom. 

Use of Vocabulary Techniques and Reading Guides 

Numerous authorities such as Barron (1969), Shepherd (1973), and 

Thelen (1976) have stated that presenting new vocabulary to students 

in an organized way can help students to more fully comprehend the 

material to be learned. Although authorities have stated that vocabu­

lary techniques can be helpful, little actual research has been done 

using procedures such as: (a) structured overviews, (b) concept hier­

archies, (c) structural word schemata, (d) vocabulary reinforcement 

techniques, or (e) reading guides within the classroom. Therefore, 

suggestions by authorities for reading comprehensio~ techniques in 

the science area will be surveyed. 

Barron (1969) suggested a comprehension technique for all content 

area subjects called "structured overviews''. He stated that an over­

view is similar to an advance organizer but more directional and 

practical for teachers. Barron suggested the following steps in prepa­

ration for an overview: (a) Once the major concepts to be taught have 

been selected by the teacher the important vocabulary of the specific 
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tasks must be analyzed. (b) The instructor must arrange this vocabu­

lary in a scheme which depicts the interrelationships between the new 

terms and concepts to be learned. (c) The teacher then should add to 

the scheme already understood vocabulary by pupils in order to depict 

relationships between the learning task and the di sci pl ine as a whole. 

(d) The instructor should evaluate the organizer for appropriate concept 

usage and clarity. After the organizer has been introduced to pupils, 

it should be referred to throughout the learning task as a foundation 

for developing relationships. Barron suggested the technique of 

grouping ideas or terms in a scheme as a possible way to teach vocabu­

lary and thus enhance comprehension of the new material. 

Structured overviews involve organizing ~aterials to be learned 

so that they can aid in pupil comprehension. Furukawa (1980) found 

in his research that organizing concepts enhances student learning. 

His study was performed with tenth grade biology pupils. Students 

learned new concepts and ideas by 11 chunking 11 terms and ideas together 

in a schematic fashion. Furukawa found that after completion of two 

biology units performance of the experimental group was superior to 

that of the control group on standardized achievement tests. Furukawa 

(1980), Evans (1973), and Mandell (1974) found in their research that 

scientific thought processes, laboratory procedures, and vocabulary 

terms can all be more meaningfully taught by organizing the concepts 

to be learned into patterns. 

Frayer, Frederick, and Klausmeier (1969) tested a model for con­

cept attainment which also involved grouping or organizing the new 



19 

material to be learned. They recommended clarifying concepts by showing 

conceptual relations through citing examples of specific concepts and 

I isting their relevant attributes. Frayer, Frederick, and Klausmeier 

suggested that students 1 ist specific irrelevant attributes and non 

examples of the concept to be learned to further reinforce concept 

attainment. Organizing concepts or vocabulary terms into hierarchies 

was suggested as a t ,echnique for vocabulary comprehension. 

Shepherd (1973) organized a list of vocabulary terms into schemata 

to aid students in the comprehension of key paragraph ideas. He took 

structural words and divided them into four groups of similar meanings. 

Structural words represent terms which will assist the reader in 

following the author's transitions from idea to idea or paragraph to 

paragraph. For example, structural words al low authors to present 

additional ideas (and, plus, furthermore), contrasting ideas (opposed 

to, conversely), and concluding ideas (consequently, finally, thus). 

Shepherd's four major structural word categories are I isted under the 

followin-g headings: (a) structural words indicating additional ideas, 

(b) structural words indicating idea changes by reversing, qualifying, 

or modifying, (c) structural words indicating concrete application of 

thought, and (d) structural words pointing to relationships among and 

between ideas. Shepherd has suggested a highly organized list of key 

structural words to aid in pupil concept comprehension. 

Thelen (1976) stated that science vocabulary can be comprehended 

by students through the use of vocabulary reinforcement techniques. 

Barron (1973) in his research found that using vocabulary reinforcement 
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techniques enhanced the vocabulary learning outcomes of students. In 

his study, students were provided with supplementary "expanded di rec­

tions11 before vocabulary assignments. Barron's "expanded directions" 

defined the purposes and the processes needed for each vocabulary 

exercise. Students who received the extra directions asked to continue 

having vocabulary exercises. His study found that reinforcement of 

vocabulary through "expanded directions 1
' can increase pupil motivation 

and comprehension of content area materials. 

Thelen (1976) suggested the following vocabulary reinforcement 

techniques to aid in student comprehension in the science area: (a) 

categorizing, (b) word puzzles, and (c) matching. She defined cate­

gorizing as, "a method of taking inventory of how the cognitive struc­

ture has incorporated the new material" (p. 31). Thelen suggested 

numerous ways of having pupils categorize scientific terms and concepts. 

Word puzzles may be in the form of scrabble games, crossword puzzles, 

·and word search games. Thelen found matching games the most simple 

for student completion. A sample exercise would be to 1 ist the new 

and related terms in one column with their possible meanings in another 

column. Students would then be instructed to draw 1 ines connecting 

the words and their meanings. Thelen suggested categorizing, puzzles 

and matching games as vocabulary reinforcement techniques as an aid 

in student comprehension. 

Hurd (1970) and Thelen (1976) stated that student comprehension 

involves the ability to generalize beyond specific stimuli to a 

variety of new situations. A three-level reading guide attempts to 

help students learn how to form facts into meaningful concepts. 
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Herber (1970) named some of the possible thinking_ levels for students 

as literal comprehension, interpretive comprehension, and applied 

comprehension. Thelen suggested that in constructing a guide th~ 

literal questions should come first, interpretive level questions 

second, and applied level questions last. Reading guides can assume 

many forms as long as they involve the three suggested comprehension 

levels Thelen has described. She found that the guides are a good 

basis for homework and student discussion groups. Reading guides 

represent another way of reinforcing concepts contained within 

scientific material. 

In summary, a review of the research concerning the development 

of specific comprehension strategies in reading science has shown 

that the cloze procedure represents a way to determine student ability, 

and as a possible learning tool. Numerous studies have found that 

advance organizers are ~lso helpful student learning tools. Al.though 

1 ittle research has actually used these techniques, many authorities 

have suggested the following procedures as possible comprehension 

tools: (a) structured overviews, (b) concept hierarchies, (c) structur­

al word schemata, (d) vocabulary reinforcement techniques such as 

. categorizing, puzzles, and matching games, and (e) reading guides. 



Chapter 3 

PROCEDURES OF THE STUDY 

In the development of this project on science comprehension 

attivities for junior high school students the following procedure was 

used. 

The first step in developing science comprehension strategies was 

the selection of the basic science text to be utilized. It was found 

that the adopted text for all Northshore School District's ninth 

grade physical science pupils was Introductory Physical ~cienc~ by 

Abegg, Cross, Dodge, Haber-Schaim, and Walter (1976). Because of 

Northshore District's trimester system only the information in the 

first five chapters was taught by teachers in the district. Because 

of the widespread use of the first five chapters of this text and the 

use of the text itself in the Northshore Schools, it was decided that 

science strategies should be written with this text as their science 

information base. These strategies were designed to supplement the 

key concepts within this specific science text. 

The second step was to apply Fry's readability graph to the 

beginning, middle, and end of the Introductory Physical Science text. 

This book was found to be at approximately the mid to upper ninth 

~rade reading level. This text was used primarily with ninth grade 

pupils. Providing that students were approximately at grade level in 

basic reading skills, this text should be at the instructional reading 

22 
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level for most of the students. 

The third step in developing science comprehension strategies 

was to determine specific science comprehension skill areas. The 

~riteria used were taken from Chang, Dallman, DeBoer, and Rouch (1974) . 

. Other areas were derived from physical science teacher requested 

needs. The final list of comprehension skills follows. 

1. Reading to find main ideas 

2. Reading to select significant details 

3. Reading to fol low directions 

4. Reading to arrive at generalizations 

5, Reading to predict outcomes 

6. Developing locational ski 11 s 

7, Understanding scientific vocabulary 

The fourth step was selecting strategies that lead to the under­

standing of science co~cepts. Thelen's (1976) recommendations were 

utilized. These recommendations are primarily concerned with the 

instructions of science information for secondary level pupils through 

the use of reading comprehension techniques. These strategies were: 

1. Structured overviews. One structured overview was written , 

for each of the chapters one through five. These related, in a graphic 

form, the student's existing cognitive structure to the new information 

presented (Estes, Thomas, & Barron, 1969). An extension of the struc­

tured overview is the "hierarchy of target concept". One hierarchy 

was written for each of the chapters one through five. These clarified 

conceptual relationships by showing examples, nonexamples, attributes, 



and nonattributes of a specific concept to be learned (Frayer, 

Frederick, & Klausmeier, 1969). 
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2. Cloze procedures. At least one cloze procedure was written 

for each of the chapters one through five. Most of the science 

passages utilized were 250 words in length or more with every fifth 

word deleted. This strategy was used to measure the student's ability 

to restore omitted portions of a written message fro~ its remaining 

context (Harris & Hodges, 1981). 

3, Locational~~ techniques. One locational skill student 

strategy was written for each of the chapters one through five. These 

were designed to help pupils learn to use their textbooks as a source 

of information. Learning to use parts of the textbook such as the 

index, table of contents, preface, headings, and appendices were empha­

sized. 

4. Vocabulary reinforcement strategies. Numerous strateg_ies were 

used to reinforce scientific terminology. One guided reading strategy 

was included for each of the chapters one through five. These involved 

filling in key vocabulary words in selected passages from the text. 

One categorizing strategy was also included for each of the chapters 

one through five. These involved grouping together common word meanings 

and deleting words with meanings that were dissimilar. At least one 

reading for directions strategy was included for each of the chapters 

one through five. These emphasized the pupil's ability to follow direc­

tions by taking one scientific term and changing it into another through 

a series of sequenced steps. Finally, there is a word puzzle for ·each 
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of the chapters one through five. These puzzles are in the form of 

magic squares, scrambled letters with hidden scientific terms or cross­

word puzzle configurations. 

5, Reading guides. One reading guide was written for each of 

the chapters one through five. These helped pupils to utilize subject 

matter information at the literal, interpretive, and applied levels 

of comprehension (Herber, 1970). 

The above strategies also represent the format for the student lessons 

in each chapter. 

The fifth step consisted of developing each student comprehension 

strategy and determining the presentation order of activities. It was 

decided, through science instructor recommendation, that comprehension 

activities would be presented in corresponding order with the scientific 

facts introduced in Introductory Physical Science. Therefore strategies 

for chapter one will be presented first with the rest of the strategies 

following in chronologi~al order through chapter five. 



Chapt~r 4 

PROJECT 

This project provides 55 student comprehension strategies for 

Introductory Physical Science (1976). The comprehension strategies 

were designed to increase student understanding of vocabulary, the 

ability to locate information within the text, and conceptual 

thinking at the 1 iteral, inferential, and applied levels. The preface 

to the teacher and teacher 1 s guide includ~s explanations, preparation, 

and student objectives for using the student ~omprehension strategies. 
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PREFACE TO THE TEACHER 

The 55 supplementary science strategies contained in this project 

were divided into the following types of student strategies: (a) struc­

tured overviews, (b) cloze procedure, (c) locational skills strategies, 

(d) vocabulary reinforcement strategies, and (e) reading guides. 

The student strategies will be divided into units which will 

follow the chronological order of materials presented in lntfoductory 

Physical Science (1976). This will avoid confusion between designated 

chapters of the project and chapters of the science text. Units one 

through five wil 1 correspond with chapters one through five in the 

science text. Student strategies within each unit were placed only 

in a suggested order. Therefore, altering the presentation of stategies 

or utilizing only some of the strategies is appropriate. These strate­

gies are_supplementary and should be utilized as desired by the instruc­

tor in conjunction with the science text. Teacher's guide sheets at 

the beginning of this chapter will provide explanations, preparation, 

and general student objectives for using each of the specific strategies 

· in the classroom. Ready to use student strategies were provided for 

each unit. Teacher answer keys for each student strategy will precede 

each unit. These strategies are guides to learning. Their major pur­

pose is to help pupils develop skills in comprehending science material. 

Therefore, it is worthwhile to discuss student answers thoroughly. It 

is important to discuss how to find the correct answers. However, it 
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is also important to discuss how the answers were obtained after the 

strategies were completed. Teachers may wish students to complete many 

of these strategies in small group or class discussions. In summary, 

this chapter contains teacher's guides, teacher answer keys and 55 

student strategies, as designated by units, for chapters one through 

five in the science text. 
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STRUCTURED OVERVIEW TEACHER'S GUIDE 

Explanation. Structured overviews were developed so that the new 

concepts within each chapter can be learned more easily by students. 

This is accomplished by organizing new information in a way that fits 

with the student's previously existing cognitive structure. Concept 

hierarchies are an extension of structured overviews. Students learn 

concepts more easily by exploring examples, nonexamples, attributes, 

and nonattributes for specific concepts in each chapter. 

Teacher Preparation. It is suggested that teachers make a transparency 

of each structured overview and concept hierarchy. Overviews and 

hierarchies can then be projected upon the screen for group explana­

tion and discussion. 

Student Objective. Students will verbally participate in a class dis­

cussion concerning the new concepts presented within each chapter. 
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CLOZE PROCEDURE TEACHER'S GUIDE 

Explanation. Cloze procedures were developed to help the teacher 

determine how pupils in the class were comprehending specific chapters 

within their science texts. It can also be used as a l~arning tool 

to emphasize specifi~ words within the text. The cloze procedure helps 

pupils to feel more comfortable with making educated guesses. 

Teacher Preparation. Teachers will need to thermofax and then ditto 

off individual copies for each student strategy. Student directions 

for each cloze procedure are contained on each pupil handout. Students 

should not use their science textbooks as an information resource. 

Students should be told that cloze procedures are often frustrating 

to take because they are often difficult to answer and the procedure 

may be unfamiliar to them. It should be explained that guessi~g is 

acceptable. 

Scori~. Thelen (1976) summarized Rankin and Culhane's (1969) research 

by saying that cloze scores between 41% and 60% usually mean that the 

material presented was at the student 1 s instructional reading level. 

A cloze score above 60% may indicate that the pupil is capable of 

reading the material without instructor assistance. Cloze scores be­

low 40% should be carefully dealt with by the teacher. These pupils 

may need more background and assistance than the rest of the class. 

Both Taylor (1953) and Bormuth (1968) found that cloze tests were more 

valid when indicating reading ability if correct answers were giv.en 



only for exact replacements of words rather than synonyms. 

Student Objective. Students will write the word requested in each 

blank space without the use of their texts. 
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LOCATIONAL SKILLS TEACHER'S GUIDE 

Explanation. Locational skills strategies were designed to help 

pµpils more effectively utilize their science texts as a tool for 

finding needed information. 
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Teacher Preparation. It is suggested that the student strategies be 

thermofaxed and then dittoed off for each pupil. Student directions 

are written at the top of each assignment. Therefore, pupils should 

require little teacher verbal direction. All pupils will need their 

science texts in order to complete each locational skill strategy. 

Student Objective. Students will write the correct answer requested, 

with the use of their texts, on specific locational skill strategies. 
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READING FOR DIRECTIONS TEACHER'S GUIDE 

Explanation. Word games are designed as a motivational tool to work 

on the comprehension of specific vocabulary and concepts. They also 

emphasize the ability to follow directions. 

Teacher Preparation. It is suggested that each word game be thermo­

faxed and printed on a transparency. The game can then be projected 

on a screen. While worki~g, each student Will need a piece of paper 

and a pencil to write down the word obtained at each step. 

Student Objective. Every student will write the desired word for 

each specific step requested on the reading for directions strategies. 
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CATEGORIZING TEACHER'S GUIDE 

Explanation. Categorizing strategies aid the pupil to see the various 

common and uncommon factors concerning key vocabulary terms within 

each chapter. 

Teacher Preparation. Teachers will need to thermofax and then ditto 

off individual copies for each student assignment. Student directions 

for the categorizing strategies are contained on each pupil handout. 

Therefore, pupils sh·ould require little teacher verbal direction. 

Students may work in small groups or individually. Pupils should use 

their science textbooks as an information resource. 

Student Objective. Each student wil I cross out the term or terms that 

do not apply within each group and then title the rest of the group 

for each categorizing strategy. 
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GUIDED READING TEACHER'S GUIDE 

Explanation. Guided reading, or fill in the blanks strategies were 

developed to help pupils pick out the main ideas and important details 

and vocabulary terms for each chapter. 

Teacher Preparation. Teachers will need to thermofax and then ditto 

off individual copies for each student assignment. Student directions 

for guided reading strategies are contained on each pupil handout. 

Therefore, teachers will need to provide littel verbal direction to 

pupils. Pupils should have unlimited use of their science textbooks. 

Student Objective. Students will write the correct answer requested, 

with the use of their texts, on specific guided reading strategies. 



SCIENTIFIC PUZZLE TEACHER'S GUIDE 

Explanation. The scientific word puzzles, such as crossword, word 

search, and magic square, contained in each chapter serve the purpose 

of reinforcing new vocabulary words in a way which wil 1 be motivating 

to students. 

Teacher Preparation. It is suggested that the student puzzles be 

dittoed off and passed out to individual pupils. Student directions 

are written at the top of each strategy. Therefore pupils should 

require little teacher verbal direction. Pupils may or may not use 

their science texts according to teacher discretion. Puzzles may be 

completed individually. However, much positive discussion is generated 

when the puzzles are completed i~ partners or group situations. 

Student Objective. Each student will write the correct answer requested 

on specific scientific puzzle strategies. 
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PREFIX/ SUFFIX TEACHER 1 S GUIDE 

Explanation. Prefix and suffix strategies were developed to further 

enable students to understand new and difficult scientific terms more 

easily. Numerous prefixes and suffixes are used in scientific termi­

nology. 

Teacher Preparation. Teachers will need to thermofax and then ditto 

off individual copies for each student assignment. Student directions 

for each prefix and suffix strategy are contained on each pupil hand­

out. Students should use their science textbooks as an information 

resource. The prefix/ suffix strategies were meant to serve as learning 

tools rather than testing devices. This can be facilitated through 

group discussions or working in pairs on this strategy. 

Student Objective. Students will write the correct answer requested, 

with the use of their texts and class discussion on specific prefix/ 

suffix strategies. 



READING A PICTURE TEACHER'S GUIDE 

Explanation. The single "Reading a Picture" strategy is located in 

the chapter one materials. It represents an excel lent beginning of 

the year activity for students by motivating class discussion and 

student - teacher interaction. It is suggested that pupils look at 
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the picture for about one minute. Then they are instructed to turn 

their pictures face down during the following class discussion. The 

teacher may begin by explaining that in this course scientific concepts 

will be explored at the literal, inferential, and applied levels of 

thinking. Then the instructor will lead a brief discussion at each 

level of thinking. Examples of teacher questions for each level follow. 

Students should not be allowed to look at their pictures again until 

after they have discussed the following questions. 

1. Literal level comprehension. How many scientists are in the 

picture? What does he have in his pocket? How many buttons are on 

his lab coat? How many bubbles are rising out of his flask? What 

is coming out of his flask? How many dots are on the creature's skin? 

~ How many legs does the spider have? Finally, the instructor may want 

to end by saying, "Literal level comprehension is determining what 

the author's are saying, and what information their words convey" 

(Herber, 1970, p. 43). 

2. Interpretive level comprehension. How is the scientist feeling? 

How is the creature feeling? What does the snake want to do? How did 
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the fire start? Why did the bottle tip over? Where did the creature 

come from? Finally the instructor may want to end by saying that in 

interpretive level comprehension 11 The readers determine what the authors 

mean by what they say. They develop intrinsic concepts from the re­

lationships they perceive in the authors' information 11 (Herber, 1970, 

p. 48). 

3, Applied level comprehension. According to your beliefs do 

you think the scientist had good lab techniques? What would you do 

next if you were the scientist? What would you do next if you were the 

creature? What do you think will happen to the fire? When you first 

looked at this picture how did you feel? Do you 1 ike activities like 

this? Finally, the instructor may want to end by saying that appl led 

level comprehension is 11 the process of taking what has been known 

and applying to what has just been learned, then evolying ideas which 

encompass both but extend beyond them11 (Herber, 1970, p. 47). 

Teacher preparation. The teacher may run off individual pictures for 

each pupil or make one transparency to be projected on the overhead. 

Student Objective. Students wil 1 verbally participate in a class 

discussion concerning literal, inferential, and applied levels of 

comprehension. 
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READING GUIDE TEACHER'S GUIDE 

Explanation. A reading guide helps the student to utilize subject 

matter information at the literal, interpretive, and applied levels 

of comprehension. 
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Teacher Preparation. It is suggested that the student reading guides 

be dittoed off and passed out to individual pupils. Student directions 

are written at the top of each assignment. Pupils may require extra 

explanation at the interpretive and applied levels of the strategies 

due to the increased difficulty and student unfarnil iarity with higher 

thinking levels. The reading guides for each chapter were meant to 

serve as learning tools rather than testing devices. This is often 

facilitated through increased student and teacher discussion about 

the reading guide strategy. 

Student Objective. Students will write the correct answer requested, 

with the use of their texts and class discussion on specific reading 

guide stLategies. 
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UNIT ONE TEACHER ANSWER KEY 

Cloze Procedure One 

1. center 15. it 29. did 43. more 

2. be 16. that 30, there 44. properties 

3, look 17. of 31. many 45. account 

4. are 18. of 32. his 46. meaning 

5. no 19. different 33. important 47. have 

6. earth 20. made 34. the 48. beginning 

7, assumes 21. by 35, word 49. new 

8. of 22. a 36, rea 11 y 50. step 

9, variety 23, example 37. not 51. with 

10. countless 24. in 38. any 52. wi 11 

11. together 25. a 39, to 53. words 

12. many 26. or 40. changes 54. to 

13. the 27. paved 41. take 55. and 

14. living 28. ago 42. physics 56. on 

285 word passage, 56 total answers possible, passage contained on 
.. 

[). 1-2. 

Cloze Procedure Two 

1. apart 2. apart 3, apart 4. apart 

passage contained on p. 3, 



Locational Skills One 

1. a) gold, turquoise, yellow, black, white 

b) Introductory Physical Science, Haber, Schaim, Cross, Abegg, 

Dodge, IPS, Third Edition. 

c) (answers wi 11 vary) 

d) (answers wi 11 vary) 

e) (answers wi l r vary) 

2. 1977; 1976 is the actual date of publishing 

3. 4 elements, 3 compounds, 5 molecular motion, 1 volume an.d mass, 

2 characteristic properties 

4. contents, or looking through the book 
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5. same: both use beakers, heat, test tubes, alcohol burners 

different: fig. 1.3 uses a thermometer and displays distillation, 

fig. 3.4 depicts boiling point (student answers will vary) 

6. picture, diagram, figure 

7. written answer not required 

8. (answers will vary); beakers, test tubes, funnel, flask, thermometer 

9. 39 

10. - 11. There are no possible false answers 

~ 12. Science involves taking things apart as in experimentation 

13. a) materials, tools for a specific use 

b) weight, not a characteristic property 

c) dissolve 

d) length x width x height 

e) 1/100 meter 
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f) experimentation, learning about matter by taking it apart 

14. - 15, There are no possible flase answers. 

Readin9 For Directions 

One Two Three 
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1. teacher 1. atom 1. experiment 

2. cher 

3, cer 

4. ce 

5, coe 

6. coye 

]. Coyne 

8. Mr. Coyne is my 
science teacher 

2 . atm 

3, matm 

4. mattm 

5. matt 

6 . matte 

]. matte 

8. matter 

9. All substances 
are made of matter 

Categorizing One 

2. periment 

3, peent 

4. pent 

5, kent 

6. knowent 

]. knowlent 

8. knowlent 

9. knowle 

10. knowledge 

11. From experiments 
we gain knowledge 

Answers wil 1 vary. Possible word groupings fol low. 

1. General Terms Which Describe the Earth's Make-Up 

2. So 1 ids 

sol id 
ice cream 
copper 

atoms 
matter 
substances 

3, Experimental Equipment 

test tube, beaker, flask 
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4. Apparatus Needed for Wood Distil lat ion Lab 

apparatus 
solid 
splints 
wood 

5. Components of Wood Distillation Experiment 

distillation 
purify 
a l co ho l burner 
seperate 

6. Experimental Terminology 

experiment 
discover 
waste 
distillation 

Guided Reading One 

1. atoms 

2. senses 

3. a) questions 

b) experiments 

4. matter 

5. dist i 11 i ng 

6. gas 

7 . displacement 

8. experiments 

Science i S Puzzling 

1. dist i 11 at ion 

2. atoms 

3. experiment 

One 

44 
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4. 1 i quid 

s. solid 

6. gas 

}. condense 

8. apparatus 

9, glycerin 

10. tube 

11 . beaker 

12. matter 

Reading Guide One 

I. Literal Level 11. Interpretive Leve 1 I II. Applied Level 

1. ../ 
' 

p. 1 1. True, 2 L No 
) 

2. ./ p. 1 2. True, 2. ./ ' 
3, ../ ' p.2 3, False 3, ./ 

4. ./ ' p.3 4. True, 3 4. J 

5, ./ , p.3 5 . J 

6. No 

7, J, p.3 - 6 

Extra Credit: Student answers wi 11 vary . There are no possible false 

.,. 
answers . 

. ) 
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UNIT ONE 
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Ex~mples of C orrect 

Use of th e Lab 



1 i ght waves 

electricity 
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Structured Overview 

Physical Science 

Chemistry 

/ 
motion 

characteristic 
properties 

~ 
methanol gas 

I\ 

(air) 

experimental 
process 

l 
dist i 11 at ion 

matter 

substances 

/ 1 
solid 

A 

(wood) 

1 iqui d 
I\ 

(water) 



Hierarchy of Target Conce pt : Experimentat ion 

1. Examp 1 es 

a) di st i 11 at ion 

b) heating substances 

.c) cooling substances 

fractional distillation 

fractional crystal ization 

paper chromatography 

sol ub i 1 i ty 

2 . Re l e van t At t r i b u t es 

a) controlled environment 

b) close observation 

c) taking things apart 

d) asking questiona 

e) seeking answers 

3. Irrelevant Attributes 
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a) the number of atoms in the piece of wood used in a distillation 

experiment 

b) the brand name written on a test tube or beaker 

4. Nonexamples 

a) smashing a watch with a hammer 

b) reading a friend 1 s experimental results 

c) letting your friends do the experiment for you 



Cloze Proce dure One 

Finding the Mi ss ing Words 

Directions: Fill in the missing word in each blank below. 
think you do not know the answer do not be afraid to guess. 
is not a test! 

If you 
This 
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The sce ne at the of the sun must ------ ·--- very mono-

tonous. Everything must exactly the same. There ------
no rocks, no trees, rivers, no people. On ------ , on ------
the contrary, matter an almost endless variety 

fo r ms . I t i s the 

substances that go 

------

of matter, the almost ------
and behave in so 

different 

different 

ways, that makes world interesting and enables -----
organisms to exist in 

One can invent schemes explain the endless variety ------
material things in t e rms fewer, simpler things. ------

Many things could conceivably be from th~ same 

units putting them together in variety of ways. ------
For one can use brick many ways to make - -----
wa 11 or a house a doorstop or a ------ street. Over - -----
2,000 years the Greek philosopher Democritus not - -----
rea 11 y know that 

kinds there were. 

were atoms or how different 

ideas must have been , because 

we sti 11 use word atom; but the in itself does not - ----- -- ----
explain anything. It did help people to predict ------ -- ----
properties of matter or understand what kind of - -----
could or could not place. - -----



Modern chemistry and 

meaningful account of the 

----- can give a much 

0 f mat t e r . I f th i s 

to have any ----- to you, we shall to start at the 

We cannot just throw words at you. Each -----
must be filled in ----- many experiments that you -----
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is 

perform. Then all the and ideas will correspond ----- -----
something real for you, ----- you will reach conclusions 

_ ____ your own. 

285 Words 
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Cloze Procedure Two 

Finding the Main Idea 

Directions~ Fill in the missing word in each blank below. 
think you do not know the answer do not be afraid to guess. 
not a test! 

If you . 
This is 

One of the best ways to find out how a thing works--and what it 

is made of--is to take it Sometimes you can even test 

your understanding of it by trying to put it together again. But, 

of course, it matters how you take it If you hit a watch 

with a hammer, it will come all right, but you will not 

learn much about how it works, and you certainly cannot put it back 

together. A great deal of modern experimental science is involved 

in learning how to take things in some instructive fashion. 

Often a key word repeated over and over again will tell you the main 

idea in a paragraph. 
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Locational Skills One 

Getting to Know Your Science Text Number One 

1. Take out your science book. Look at it while you count to five. 
Sit on it and then answer the fol lowing upside down questions: 

(i~ooq JnoA le ~OO[ lOU op 
lng) ·noA Ol :ixau 6u1n1s uosJad a4l l,P!M 8/\0qe s.JaMsue a4l >pa4'.) ·a 

"(a[q1ssod LL) Ja/\OJ a41 WOJJ Jaqwawa.J ueJ noA se sp.JoM Auew se al!.JM ·q 

Now, take your book out again and answer the fol lowing questions: 

2. Circle the date below that is closest to the copyright date of 
your book. 

1962 1970 1956 1977 

3: Number the following topics in the order they are dealt with in 
your textbook. 

-----
-----

-----

-----

Elements 

Compounds 

Molecular Motion 

Volume and Mass 

Characteristic Properties 

- 4. The answers to question #3 were found (by me) in 

Index Looking through the book -----
Contents ----- My head -----

----- Epilogue Introduction 

5. Look at Figure 1.3 and Figure 3.4. State three things that are 
the same in both pictures and three thi _ngs that are different. 
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Same Different 

a. a. 

b. b. 

c. c. 

6. What do you think£_!_~ means in this book? 

7, Take exactly 30 seconds and look at the pictures in the book. 

8. Now, from your observation of the pictures, list or draw five 
objects we will be using in science this year. (Don't look back!) 

9. Put a circle around the number below that best expresses how many 
experiments we can deal with in this book. 

19 39 29 49 59 

10. Without turning around, answer the following: 

a. Is the person seated behind you a boy or a girl? (If you're 
in the back seat, use the person in the front seat of your row. 
Do not peak!) 

b. What color eyes does he/she have? 

c. What color clothes is he/she wearing? 

11. a. Write the topic of the last article or book you have read con­
cerning anything scientific. 

b. Write the to.pie of the last TV show you saw concerning anything 
scientific. 

·c. Write the one most interesting thing you remember from your 
science course last year. 

d. Write the one most boring thing you remember from last year's 
science course. 

12. Look on page 3, Read paragraph #6. It begins with the words, "One 
of the best ways to find . 11 Then, in one sentence, state the 
main idea expressed in the paragraph. 
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13. Write a couple of your own words stating what you think each of 
the following terms means. Do not look them up. If you don't 
know, guess. 

a. apparatus d. volume 

b. mass e. cm 

c. solubility f. scientific method 

14. a. Write 3-5 words describing your feelings about science courses 
in general. 

b. What have you heard about what to expect in this course? 

15. All of the above questions have somehow attempted to do which 
of the following: 

a. familiarize you with this year's program 

b. help you learn to fool around with s~ience stuff 

c. help you and your teacher learn your strengths and 11not-so­
strengths'1 in what you will be doing this year 
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Reading for Directions One* 

1. Print the word /teacher/. 

2. If the vowels are /a, e, i, o, u, and sometimes y/, remove the 
three letter noun from the beginning of you word which stands for 
a drink that takes lemon, cream, or sugar. 

3. If consonants are all of the letters in the alphabet but the vowels 
remove the consorant which comes after the letter /c/---y-;, your word. 

4. If prefixes are at the beginnings of words and suffixes are at the 
end then drop the last consonant of your word. 

5. If the title of your text is, Introductory Physical Science, then 
add the vowel /o/ to the middle of your word . 

6. If following directions is important during labs, add the vowel /y/ 
before the letter /e/ in your word. 

7. If you think your science teacher is an okay guy, add the consonant 
/n/ between the letters /y/ and /e/ in your word. Also, make the 
first consonant of your word a capital. 

8. Write a sentence using your new word. 

,tc Falk, unpublished speech, 1981. 



\ 

) 

Reading for Directions Two 

1. Print the word /atom/. 

2 . If water is a substance, then remove the last vowel in the word 
/atom/. 
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3. If a substance can be a solid, liquid, or a gas, put the letter 
that comes before /n/ in the alphabet in front of the letter /a/. 

4. If test tubes are used in some science experiments double the 
consonant /t/. 

5. If taking apart and examining substances is like heating wood 
splints then remove the last consonant in your word. 

6. If heating wood produces a gas, add the first vowel from the word 
/experiment/ to the end of your word. 

7." If scientific experimentation means not to seek answers drop the 
last two letters of your word. 

8. If the opposite of distillation is to freeze, then add the letter 
/r/ to the end of your word. 

9. Write a sentence using your new word . 



Reading for Directions Three 

1. Print the word /experiment/. 

2. If the prefix /dis/ as in distillation means to take apart, re­
move the two letter prefix from the word experiment. 
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3. If solid is to gas as copper is to helium, then remove the three 
letter noun in your word which means the edge of something. Clue: 
This noun begins with the letter /r/. 

4. If atom is to matter as sand is to beach, remove one of the double 
vowels in your wo1·d. Clue: A definition of your word at this 
point would be, 11 shut in 11

• 

5. If Democritus discovered the atom, drop the first consonant in your 
word and substitute the letter /k/. Clue: Your present word 
should now be Superman 1 s last name: Clark -----

6. If lab is to scientist as kitchen is to cook, add the three letter 
word which starts with /n/ and means, 11 right away 11

, after the letter 
/k/ in- your word. 

). If stopper is to test tube as plug is to sink, place the first 
consonant of the word /laboratory/, after the letter /w/ in your 
word: 

8. If you do not have to follow rules in the science lab erase your 
word completely. 

- 9. If the distillation of wood involves apparatus, remove the last 
two consonants from your word. 

10.· If water is to liquid as ice is to solid, add the letters /dge/ to 
the end of your word. 

11. Write a sentence using your new word. 



Categorizing One 

Directions: There are five words in each section below. Cross out 
the one or two words in each that you feel are not related to the 
others. Explain the relationship by titling each group. 

1. 2. 

d i st i l l at ion sol id 

atoms lee cream 

matter liquid 

substances copper 

test tube gas 

3, 4. 

test tube apparatus 

beaker solid 

f 1 ask splints 

volume wood 

mass 1 i quid 

s. 6. 

dist i 11 at ion experiment 

explode discover 

purify waste 

alcohol burner retarded 

seperate dist i 11 at ion 
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Fill in the Blanks - Guided Reading - One 

Directions: Read each sentence below. Turn to the page number 
I isted after the sentence and try to locate a word having the same 
number of letters as spaces provided. Write the word or words on 
the spaces. The symbol 'Tr stands for paragraph number. 
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1. Over 2,000 years ago the Greek philosopher, Democritus conceived 
of sma 11 uni ts ca I I ed ~ _ _ _ _ p. 1 , -0- 2 

2. When you were a baby, signals from the outside world poured into 
you through your 2. _ _ _ _ _ p. 2, 1T 2 

3. In this course you will be concerned chiefly with how to ask 
_g_ ________ of nature and how to carry out ~ _ ___ ___ _ _ _ 
that will help you find some answers. p. 2,1T5 

4. We shall start illustrating this way of learning about~- _ __ _ 
by taking something apart. p. 3, 'ff 6 

5. Fig. 1.1 shows that the apparatus used in d wood 
are the distil 1 ing tube, glass tubing and the condensing tube. 
p. 4,'1T1 

6. Fig. 1 .2 displays apparatus for collecting -2_ __ from the distilla­
tion. of wood. p. 4,ti2 

7. Now attach a rubber tube to the apparatus, and collect the gas in 
a bottle by i _ _ _____ __ _ _ of water. p. 5,'rf'1 

8. In order to get more definite answers to these questions, we shall 
doe and these in turn will raise new questions. 
p. 6, 'rt3 
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Science is Puzzling Number One 

Directions: Fill in the words that fit with the definitions. 

1. to heat and seperate 

2. small particles 

3. to test or discover 

4. readily flowing 

5. firm, compact 

6. a vapor which can expand 
forever 

7, to compact or compress 

8. the materials used in an 
experiment 

9. an odorless, colorless, 
1 i quid 

10. a slender, hollow glass 
cylinder 

11. a jarlike glass used by 
chemists 

12. whatever occupies space 

1 . 

2. 

3. 

4. 

s. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

l I 

I l IJ 

- - --- J 
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@ Science~ Puzzling Number One 

Answers: 

dist i 11 at ion 

atoms 

condense 

tube 
apparatus 

beaker 

glycerin 
1 i quid 

() 

. ,tz. 
;\ 

(!JI 

experiment 

stopper 

coke 

gas 

501 id 

matter 

pizza 
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Reading Guide One 

I I I Levels of Comprehension: 

I. Literal Level 

Directions: Below are several statements related to physical 
science chapter #1. Check those statements (~) that contain 
information included in chapter #1. Refer to the chapter to 
verify your response. Write the page number you found each 
checked statement on. 

1. The earth is made of a variety of matter. 

2. The Greek philosopher, Democritus conceived of small units 
ca 1 led a toms . 

3. As a baby, signals from the outside world poured into you 
through your senses. 

4. Substances have properties which differ. 

5. Often, to find out how something works; we take it apart. 

6. Smashing a watch with a hammer is a good way to find out 
how it works. 

7. Heating a tube of wood· splints produces a gas. 

11. Interpretive Level 

Directions: Below are statements that contain some possible 
"hidden meanings" actually contained in the chapter. Match the 
statements you have checked to the phrases at the right which might 
provide support for your answers. You may refer to the chapter to 
find where these items appear. 

true/false statement# 

-----

1. Experimentation with 
your environment is 
a good and natural 
process. 

2. Your science teacher 
and text will be a 
great help in teaching 
you the process of 
experimentation. 

1. 11 It certain 1 y he 1 ps 
to have the help of 
a friend who already 
knows how to ride. 11 

2. "When you were a baby, 
signals from the out­
side world poured into 
you. These early acti­
vities gave you a sense 
of size, location, an~ 
w~ight. 11 



-----

- ----

3. Democritus' only reason 
for conceiving srnal l 
units called atoms was 
because he wanted to 
be famous. 

4. Many substances such 
as wood can be seperated 
into gases, 1 iquids and 
sol ids by heating. 
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3. "Could you predict, 
just by looking at and 
handling wood that all 
these gcJses, liquids 
could be obtained from 
it? Were these sub­
stances formed by heat?" 

4. "But Democritus did not 
really know that there 
were atoms or how many 
different kinds there 
were 11

• 

111. Applied Level 

Directions: Below are statements that according to your beliefs, 
may or may not be true. Check those with which you agree based on 
your reading of the chapter and what you believe. Next, answer the 
extra credit que stions based upon your own experiences and thoughts. 

---

---
- --

1. If students know how to heat vvood they will understand 
all scientific theory. 

2. Heating wood helps us to understand some of the properties 
of wood. 

3. The author of your text feels it is good to ask questions. 

4. Science students can gain valuable insights about the 
world around them through experimentation . 

. 5, Scientific theory is often complex. Experimentation helps ---
pupils to learn by doing and therefore attach greater 
meaning to what they learn. 

Extra Credit: 1. If you did not fol low the experimental procedures 
properly, in the distil lat ion of wood experiement, 
what might have happened? 

2. If you 1 ived your 1 ife never asking questions; what 
kind of a person might you be? 

3. Did you enjoy the wood distillation lab? Explain 
your yes or no answer. 
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UNIT TWO TEACHER ANSWER KEY 

Cloze Procedure Three 

1. as 14. very 27. of 40. though 

2. amount 15. the 28. objects 41. in 

3. been 16. dust 29. the 42. objects 

4. centuries 17. that 30. hang 43. chunk 

5. a 18. best 31. was 44. number 

6. amounts 19. amount 32. on 45. it 

7. independent- 20. could 33. arm 46. srria I l 
ly 

8. an 21. of 34. by 47. the 

9. years 22. pi le 35, of 48. to 

10. a 23. the 36. of 49. the 

lL carved 24. by 37, using 50. what 

12. made 25. that 38. 1 earned 51. call 

13. almost 26. divided 39, bar 

266 word passage, 51 total answers, passage contained on p. 16. 

Locat i ona 1 Ski 11 s Two 

1. Introductory Physical Science 

2. 10 

3, vii - ix 

4. There is no such page 

5. 1977, New Jersey 

6. Appendix, p. 205 - 206 



7. p. 57 

8. Preface, p. v -vi; Introduction is also the title of Chapter One. 

9. Preface 

10. Yes, student answers will vary. There are no wrong answers. 

11. There is no such chapter. 

12. Student answers will vary. Some possible answers are: volume, 
mass, laws of nature. 

13. For home, desk, and lab. 

Categorizing Two 

Answers will vary. Possible word groupings follow. 

1. An experiment is not a physical measuring tool. 

met r i c r u 1 e r 
graduated cylinder 
thermometer 
yardstick 

2. Screens do not hold liquids. 

test tube 
beaker 
flask 
graduated cylinder 

3. Ice is not a liquid. 

water 
liquid 
methyl alcohol 
mercury 

4. Water is not a sol id. 

candle wax 
sand 
ice 

alka seltzer tablet 
gold 
lead 



5, 

6. 

7, 

Copper is not a gas. 

oxygen 
air 
nitrogen 
helium 
hydrogen 
carbon dioxide 

Beqas are not based 

centimeter 
mi 11 i meter 
decimeter 
micrometer 

Volume does not deal 

mass 
weight 
calibration 
balance 
scale 

on the meter. 

with weight. 

8. A copper bar is not a granular solid. 

sand 
sugar 
salt 
granular sol id 
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9. The . laws of human society differ from the laws of nature. 

laws of nature 
gravity 
conservation of mass 
survival of the fittest 

10. Student answers will vary. As long as the student can justify the 
grouping, there are no possible false answers. 

Four 

1. science 5. 
2. sience 6. 
3. sene 7. 
4. ene 8. 

Reading for Directions 

fene 1. volume 
fn 2. vlum 
fun 3, mevum 
Science is fun. 4. meum 

Five 

5. meum 
6. measum 
7. measure 
8. Volume is a type 

of measurement. 
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Guided Reading One 

1. ca 1 i brat ion 

2. volume 

3, a) length 

b) width 

c) height 

4. centimeter 

5. a) mass 

b) mass 

Magic Sguares One 

The magic number is ( 15) . 

1 . A= 7 
2. B = 3 

3. C = 5 

4. D = 2 7 3 5 

2 4 9 
5, E = 4 6 8 1 

6. F = 9 

7, G = 6 

8. H = 8 

9, I = 
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Reading Guide Two 

I . Literal Level 11. Interpretive Level II I. Applied Level 

1. ,./ ' p. 9 1. True, 2 1. / 

2 . ../ ' 
p. 9 2. False 2. False . 

3 . ../ ' p. 10 3. True, 6 3, False 

4 . ./' p. 11 4. True, 3 4./ 

5 .. ./ ' p. 13-15 s. True, 

6. No 6. True, 5 

7 . ../ ' p. 16-17 

8 . ../ 
' 

p. 17 

9. J p . 23 

10. ../ p. 23 ' 

Extra Credit: Student answers wi 11 vary. There a re no possible 

fa 1 se answers. 
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Structured Overview 

Physical Science 

l 
Chemistry 

Cha racteri st i c Su stances Properties Experimental 

/ l ~ Process 

Solid liquid Gas 
+ lo 

1 
salt 2 Distillation wood 

I 
ice methanol 
sand 
copper oxygen 

Volume sul fer methane 

I. 
CO2 

Mass 



Hierarchy of Target Concept: The Measurement of 

Matter Through Mass 

1. Examples 

a) weight of a substance 
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b) measuring the mass of ice & water, mixed solutions, and gasses 

2. Relevant Attributes 

a) often measured with an equal arm balance 

b) measured by the fundamental unit of mass in the metric system 
called the gram 

c) calibration of the equal arm balance 

d) in all changes mass is exactly conserved provided nothing is 
added or taken away 

3, Irrelevant Attributes 

a) size 

b) shape 

c) substance form (liquid or ·solid) 

d) volume changes 

4. Nonexamples 

a) volume 

b) boi 1 i_ng 

c) melting 

d) dissolving 



Cloze Procedure Three 

Finding the Mis s in g Word s 

Directions: Fill in the missing word in each blank below. If you 
think you do not know the answer, do not be afraid to guess. This 
is not a test! 

The 1 imitations of volume a measure for the 

of matter must have known to people many ------ ------ ago 

because they developed method for measuring the ------
of different substances quite of their volumes. From ----- -

71 

------ Egyptian tomb several thousand old, archaeolo-------
gists have recovered 1 ittle balance arm of stone, - ----- ------
with its carefully stone masses. It was surely ------
used, in the dawn of history, for · careful --- --- ----- -
measurement or gold Goldsmiths knew even then 

the balance was the way to determine the of solid 

gold they cast from any heap dust or from any 

------ of irregularly shaped nuggets. 

balance would be hung the upper loop so ---- -- - -----
the horizontal bar was - ---- - exactly into two arms ------
equal length. With no - - - --- suspended from either arm, ------
balance bar would then horizontally. When an 

object hung from the loop the end of one ------ ------
it could be balanced hanging some other pieces ------
matter from the end the other arm. ------

In the balance, people soon --- - - - , no doubt, that ------
the would remain horizontal even there were - ---- -
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drastic changes the shapes of the being 

balanced. Dividing a of iron into a of pieces 

or filing into a pile of grains does not affect -----

----- balance. A balance responds something quite 

independent of form of the object. it responds 

to we 11mass 11
• 



,.. 
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Locational Skills Two 

Getting to Know Your Science Text Number Two 

1. What is the title of the great looking science book in your class? 

2. How many chapters are there? 

3. What pages are the table of contents on? 

4. What is the number of the page containing a map of the MacDonalds 
restaurants around the country? 

5. What was the last date this book was published and where? 

6. If you come to problems marked with a dagger (t), in which section 
can you find the answer? 

7. You have been assigned to do a report on, 11wine 11
• What page number 

would you start on? 

8. Does this book have a preface or introduction? If so, what pages 
is it on? 

9. 

10. 

11. 

12. 

13. 

Uri Haber-Schain wrote a section describing and thanking the re­
sources used for this text. What is the name of that section? 

Are there pictures in this book? If so write the topic and page 
number of the most -interesting picture in the book. 

What is the name of the chapter containing information ab.out 
crea~ures from outer space? 

Chapter #2 is divided into 15 parts depicted by numbers 1 - 15. 
Write down one title of a subheading that looks boring. 

Now for your favorite part of the book! At the end of each chap­
ter there are homework questions. Write the title of these sec­
tions. 

Di"rections: Briefly write your answers in the space after each 
question. 
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Categorizing Two 

Directions: Circle the word or words that do not fit. Justify why 
you circled a certain word. 

1. metric ruler, experiment, graduated cylinder, thermometer, yard 
stick 

2. test tube, beaker, flask, screen, graduated cylinder 

3, ice, water, liquid, methyl alcohol, mercury 

4. candle wax, sand, ice, alka seltzer tablet, gold, lead, water 

5, oxygen, copper, air, nitrogen, helium, hydrogen, carbon dioxide 

6. centimeter, beqa, millimeter, decimeter, micrometer 

7. mass, weight, calibration, volume, balance, scale 

B. sand, sugar, copper bar, salt, granular sol id 

9, laws of nature, court of law in Olympia, gravity, conservation 
of mass, survival of the fittest 

10. Now write your own set of words, using at least five terms. 
ber, four words must have some similarity and one must not. 
your list. 

Rernem­
Just i fy 



Reading for Directions Five 

1. Print the word /volume/. 

2. If millimeter is to centimeter as a penny is to a dime remove 
the first and last vowels in the word volume. 

3. If a graduated cylinder can measure the vo 1 ume of 1 i quids, put 
the pronoun that means yourself in front of the letter /v/ in 
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your word. Clue: This pronoun starts with /m/ and has two letters. 

4. If the suffix /ment/ as in displacement means, "the result of", 
remove the consonant that comes before the letter /m/ in the 
a 1 phabet. 

5, If rulers, thermometers, and barometers all measure something, 
drop the middle consonant in your word. 

6. If the suffix /meter/ means, 11 to measure", put the adverb /as/ 
after the first vowel. 

7. If your science text has an index, add the letters /re/ to the end 
of your word, and drop the second Im/. 

8. Write a sentence using your new word. 
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Directions: Select from the answer column at the left the word which 
best answers each of the statements at the right. Put the number of 
the word in the proper space in the magic square answer box. If your 
answers are correct, they will form a magic square. The total of the 
numbers wil 1 be the same in each row across and down to form a magic 
number. Add up the rows across as you do them to check if you' re 
coming out with the same number for each row. If not, better check 
your answers in the row that doesn't have the same number as the 
majority (Herber, 1970). 

ANSWERS 

A. This instrument often has two equal arms 
and is calibrated for accuracy when 
measuring mass. 

B. The volume of a granular sol id or an 
irregularly shaped sol id is often 
measured by water d - ------ ____ . 

C. This specific cylinder type is marked 
off in units of volume. 

D. The weight of an object. 

E. 1 / 100 of a meter. 

F. When matter changes form, there is no 
change in mass. Thus mass is con­
served. 

G. This is a suffix or word ending that 
stands for a person or apparatus 
that measures, ie. thermometer, 
barometer, millimeter. 

H. This process will enable your equal 
arm balance to measure masses to 
less than 0. lg. 

~ I. This is often determined by computing 
length x width x height of substances. 

A B C 

VOCABULARY TERMS 

1. Volume 

2. Mass 

3. Displacement 

4, Centi meter 

5. Graduated 

6. Meter 

7, Balance 

8. Ca 1 i brat ion 

9. Con se rva t,i on 

D E F The Magic Number 1s ( ). 

G H I 

;°( Vacca, 1975, 
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Reading Guide Two 

I I I Levels of Comprehension 

I. Lite ra 1 Leve 1 

Directions: Below are several statements related to physical 
science chapter //2. Check those statements(·/) that contain 
information included in chapter #2. Refer to the chapter to 
varify your response. Write the page number you found each 
checked statement on. 

---

---

---

---

---

---

1. The volume of a unit cube is length x width x height. 

2 . . Volume is the amount of space a substance occupies. 

3. The volume of~ liquid can be determined by pouring 
it into a graduated cylinder. 

·4, The smallest divisions on a metric ruler are 1 mill i-
meter apart. 

5, The volume of sand can be measured by liquid displace-
ment. 

6. Volume is always a good measure of the amount of sub-
stance. 

7. The equal_ arm balance can compare masses of objects of 
any kind. 

· 8. The fundamental unit of mass in the metric system is a --- gram. 

9, The changes of mass shown were within experimental error --- of your equipment. 

--- 10. When matter changes, such as salt dissolving, the volume 
may observably change but not the mass. 

11. Interpretive Level 

Directions: Below are statements that contain some possible 11 hidden 
meanings 11 actually contained in the chapter. Match the statements 
you have checked to the phrases at the right which might provi-de 
support for your answers. You may refer to the chapter to find 
where these items appear. 



I. 
I 

,. 

True/False Statement II 

------

1. Specific laws of ~ature 
are rarely changed com­
pletely. Only experi­
mental data can alter 
them. Laws of nature 
are much more lasting 
and significant than 
our legislative laws. 

2. A snowball thrown into 
the principal 1 s office 
was preserved in a 
glass jar as evidence 
of foul play. Unfortu­
nately, when the princi­
pal came back he found 
only water. When he 
lifted it; the jar was 
the same mass but the 
volume had changed. The 
evidence was gone! 

3. The volume of gas cannot 
be determined. One 
reason is because it 
expa~ds indefinitely. 
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1. 11 1n all changes 
mass is exactly 
conserved, pro­
vided nothing is 
added or allowed 
to escape 11

• 

2. 11 lf you present 
convincing evidence 
that the law is 
not· quite true, 
the law is changed 
to take into account 
the new experience . 
Rarely does this 
amount to a complete 
repeal of the law11

• 

3. 11 1 f you measure the 
volume of salt by 
displacement, you will 
see that the total 
vo 1 ume i s 1 es s 11

• 

4. The volumes of all solids 4. 11 Either way you will 
can be determined by the not be off by more 
displacement of water. than+ 0.02. 11 

______ 5. + 0.02 simply refers to 
the fact that the human 
eye and our measuring de­
vious can be slightly in 
error up to that ~mount. 
Any error g re ate r than 
this shows impercise ex­
perimentation. 

- - --- - 6. The volume of a cube of 
butter with a length of 
10 centimeters, width 
of 4 and a height of 3, 
would be 120 centimeters. 

5. 11 lf a cubes fit along 
the length of the box, 
b along the width, and 
~ along the height, then 
the total number of 
cubes in the box is 
ax bx c 11

• 

6. 11 Gas is very compressible. 
As you push more and more . 
gas into the tire, its -
vo 1 ume remains unchanged 11

• 
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111. Applied Level 

Directions: Below are statements that according to your beliefs, 
may or may not be true. Check those with which you agree based 
on your reading of the chapter and what you believe. Next, 
answer the extra credit questions based upon your own experie~ces 
and thoughts. 

---

1. The author of your text feels that the laws of nature are 
more important than legislative laws. Do you agree? 

2. From your class experiments the students did not predict 
with certainty that mass will never change. This means 
that with the right materials some pupils might some­
day change the mass of materials in closed, experimen­
tal conditions. 

___ 3, From your salt dissolving in H
2

0 experiment, the student 
can say that measuring volumes were inaccurate in this 
case, and therefore a waste of time in any other experi­
ment. 

--- 4. A large piece of canadian bacon pizza is weighed with 
a small ceramic mug of coke with ice. The long pointer 
on the center of the balance is swinging the same dis­
tance from each side of the center of the scale. The 
scale has not been calibrated. The student can then 
determine that the two are of equal mass up to 0. 1 grams. 

Extra Credit : 

1. Of the five experiments in chapter 2, which one did you 1 ike 
best? Please explain why. 

2. What new concepts did you learn in your favorite experiment? 
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UNIT THREE TEACHER ANSWER KEY 

Cloze Procedure Four 

1. when 16. the 31. two .46. bend 

2. it 17, answer 32. masses 47. be 

3, distinguish 18. have 33, the 48. bend 

4. rock 19. substances 34, two 49. be 

5, mi 1 k 20. not 35, steel 50. bend 

6. cases 21. the 36. and 51. be 

7. not 22. wi 11 37, than 52. substance 

8. you 23. can 38. a 53, you 

9. of 24. materials 39, it. 54. pieces 

10. shiny 25. same 40 of ·55, thicknesses 

11. in 26. of 41. the 56. substances 

12. the 27. steel 42. 'find 57, thus 

1,3. of 28. brass 43. of 58. is 

14. both 29. used 44. are 59, the 

15. have 30. balance 45. substance 60. the 

300 word passage, 60 possible answers, passage contained on p. ~9-30 

Cloze Procedure Five 

1. Melting point 

2 .. Me 1 ted 

3; Melting point 

4. Melting point (above pass_age contained on p. 34, paragraph number 3) 

5. Density 
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6. Density 

7. Density 

8. Density (above passage contained on p. 43, paragraph number 2) 

9. Properties 

10. Properties 

11. Properties (above passage contained on p. 44, paragraph number 1) 

Locational Skills Three 

1. a) Characteristic Properties 

b) Table of Contents, or looking through the book 

c) melting point, boiling point, density, freezing, identifying 
specific substances 

2. a) yes 

b) p. 49 - 64; p. 67 - 84 

c) contents, just looking through the book 

3. a) 4 
1 
3 
2 

not in chapter three 

b) Contents or looking through the book 

Reading for Directions Six 

1. Property 

2. Crocerty 

3. Charocerty 

4. Charoctery 

5. Charocteris 

6. Charocteristic 



) 
7, Characteristic 

8. Examples of characteristic properties from chapter three are 
melting point, boiling point, and density. 

Categorizing Three 

Answers will vary. Possible word groupings follow. 

1. Characteristic Properties 

freezing.point 
melting point 
bo i 1 i n g po i n t 
density 

2. Properties which Candle Wax does not Possess 

boi 1 ing point 
plateau 
freezing point 
micro melting point 

3. Decimals Containing Two Significant Numbers 

1. 3 
0.2 
5,6 
7,8 

4. The Point at which a Sol id is becoming a Liquid or Vice · versa 

melting point 
freezing point 
micro melting point 
sol id to 1 iquid 
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5, Properties of Substances which are not Considered Characteristic 

texture 
shape 
mass 
authenticity 

6. Specific Characteristic Properties of Substances 

bo i 1 i n g po i n t 
density 
cooling curve 
freezing point 



Guided Reading Three 

1. Characteristic properties 

2. 

3. 

4. 

5. 

6. 

]. 

Freezing point 

Density 

Melting point 

Bo i 1 i ng point 

Bai 1 i ng point 

2, significant 

8. Temperature 

1. Millimeter 

2. Centimeter 

Prefix/Suffix One 

3, Carbon dioxide, divide, digit 

4. Experiment, exit 

5, Substance, substitute 

6. Micro melting point, microscope, microscopic 

]. Proton, protein, proportion 

8. Displacement, di.stillation 

9. Prepare, prefix, preface 

10. Millimeter, centimeter, thermometer, barometer 

11. Measurement, es tab 1 i shment 

12. Temperature, measure 

13. Substance, distance, performance 

14. Predictable, compatible 
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Science is Puzzling Two 

Directions: Circle the hidden words, scientific or otherwise in­
cluding prefixes and suffixes, within the scrambles letters above. 

T I C T R I T 
p 0 N s B I E 
E T E) I R 0 M 
I N T M T 

~ 
p 

R I D E 
E L I 
C A s 

E T 
N I 

D E C A w G T L 
0 R 

Scoring: If you found 30 word and prefixe·s and suffixes you are a 
scientific genius! 
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I 
G 
L 
I 
R 
u 
0 
p 

~ R 

If you found 15 words, prefixes, and suffixes you are average. 

If you found 10 or leis words, prefixes~ and suffixes you 
need to search for more words a 1 ittle longer. 



) 

I. Literal Level 

1 • ./ 

2. v 

3. v 

4 . .,/ 

5. No 

6 . ./ 

7. I/ 

8. No 

11. Interpretive Level 

1. No 

2 • ./ , A 

3. 3, D 

4. ./, C 

5 • ./ , E 

II I. Applied Level 

1. 3 

Reading Guide Three 

2. Water displacement using a graduated cylinder 

3. Multiply length x width x height 
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4. - 5. Student answers will vary. There are no possible false 
answers. 



Characteristic 
Properties 

~ 
melting point 
density 
freezing point 
bo i 1 i n g po i n t 

Structured Overview 

Physical Science 

l 
Experimental 

Process 

87 



1. 

2. 
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Hierarchy of Target Concept: Characteristic Properties 

Exame les 

a) bol I ing point 

b) melting point 

c) density 

d) solubility 

e) 'freezing point 

Relevant Attributes 

a) Determination of characteristic properties aids in distinguishing 
between almost all substances 

3. Irrelevant Attributes 

a) sme 11 

b) taste 

c) color 

4. Nonexamples 

a) shape of substance 

b) weight of substance 

c) size of substance 

d) mass 

e) volume 



Cloze Procedure Four 

Directions: Fill in the missing words below. If you do not know 
the answers, guess. This is not a test! 

How do we know two substances are different? -----
between wood, iron, and or -----
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is easy enough to 

between water and ; but there are other in which -----
it is · so easy. Suppose that are given two pieces ----- -----

metal. Both look equally and feel equal Jy hard ----- -----

your hand. Are they same metal? Or think ----- ----- ---
two glasses containing liquids. --- I iquids are trans­

same or different? parent and no smell. Are they -----
To such questions we shal 1. t6 do things to ----- -----

that will reveal differences ----- directly apparent. 

Merely massing two pieces of metal not do; two -----
objects be made of different and yet have the -----

mass. Think, for example, a 100-g ----- ----- -----
cylinder of the kind as masses on a 

other hand, objects can have different -----

made of same materials; for example, ----- -----

On the 

and be 

hammers, 

both made of but one much larger with a greater ----- -----
mass the other. Mass is _____ ~roperty of an object; 

is not a property the substance of which -----
object is made. 

To out if two pieces metal that lookalike ----- -----
made of the same _____ , you may try to _____ them. 
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Again, one can thick and hard to ---, and the other 

can thin and easy, to ----- Yet they can both ---
--- made of the same On the other hand, _____ may 

find that two of metal of different but made -----
of different bend with equal ease. ----- the ease -----
of bending also a property of object and not of ----- -----

substance. 

300 words 
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Cloze Procedure Five 

Finding Key Words 

Directions: Fill in the missing words below. 
answers guess! Hint: In each paragraph below 
the~ missing word or words . used repeatedly 

If you do not know the 
the blanks represent 
in the paragraph. 

1. 

2. 

3. 

How does the compare with the freezing -----
point you found when you cooled a large mass of the same substance? 

Estimate how many times larger the large mass was than one of the 

small crystals you Does the of a - --- -
substance depend on the mass of the sample you use when you measure 

the ? Is it a characteristic property? ----- - - ---
Is the of a substance always the same? Most substances -----

expand when heated but their mass remains the same. Therefore, the 

- ---- depends on the temperature, becomi~g less as the material 

expands and increases in volume. But, as we shall see in Chapter 9, 

the expansion is very small for sol ids and liquids and has 1 ittle 

effect on the ----- The situation is quite different with 

gases, which show a large thermal expansion. Moreover, we find it 

difficult to compress sol ids and liquids, but we can easily compress 

gases, as you know from pumping up a bicycle tire. Therefore, when 

measuring the --- - - of a gas, we have to state the temperature 

and the pressure at which it was measured. 

We have looked for that can help us to distinguish -----
between substances that appear to be the same. So far we have found 

three that do not depend on how much of a substance we - ----
have or on its shape. These ------ are melting point, boiling 

· po i n t , and dens i t y . 



Locational Skills Three 

Getting to Know Your Science Text Number Three 

Directions: Briefly write your answers in the space after each 
question. 

1. a) What is the title of chapter three? 

b) In what part of the book did you find the title? 
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c~ What do you think the chapter will be about just from reading 
the title? 

2. Characteristic properties are discussed in chapter three extensively. 

a) Are they discussed in any other chapters in the book? 

b) If so, write at least one page number where characteristic 
properties are discussed which is not in chapter three. 

c) Circle the term which refers to the place where you found your 
answer: 

Contents, Index, just looking through the book, Preface, 
Appendix 

3, a) Number the following experiments in the order they will be dealt 
with in chapter three. Hint: One of the experiments below is 
not in chapter three. 

--- The density of a gas 

--- Freez i,ng and me 1 ting 

Boiling point ---
· Micro melting point ---
Distillation of wood ---

b) The answers to the above question were found in: 

--- Epilogue 

Appendix ---
Looking through the book ---
1 nt roduct ion 

Contents ---
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Reading for Directions Six 

1. Print the word /property/. 

2. If melting and freezing point mean basically the same thing; 
remove the only 2 consonants that are the same in your word, be­
sides letter /r/; then replace both letter /p/s with letter /c/s. 

3. If the freezing point of a substance is often indicated by a 
plateau on a graph then; after the first /cl add the two letter 
interjection that exclaims wonder, surprise or anger and begins 
with letter /h/. 

4. If micro, as in micro melting point, is the opposite of large 
then; remove the suffix /er/ from your word and place it after the 
letter It/. 

5, If freezing, melting, and boiling points are all usually represented 
by plateaus on graphs then; remove the letter /y/ and replace it 
with the two letter verb beginning with /i/ which means, "to be 11

, 

in your word. 

6. The mass per unit volume of a substance is called the density. If 
the density of a substance usually becomes less when it is heated 
then; add the three noun beginning with /ti/ which can mean the 
spasmodic contraction of a muscle, to the end of your word. 

]. If melting point, boiling point, and density are properties that 
do not depend on amount or shape of a substance then; replace the 
vowel /o/ in your word for the vowel /a/. 

8. Write your word in a sentence. 
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Categorizing Three 

Directions: There are five words in each section below. Cross out the 
one or two words in each that you feel are not related to the others. 
Explain the relationship by titling each group. 

1 • 2. 

freezing point candle wax 

mass boi 1 ing point 

melting point plateau 

boi 1 ing point freezing point 

density micro melting point 

3. 4. 

1. 3 mel.ting point 

0.2 freezing point 

2.0 micro melting point 

5.6 so 1 id to 1 i quid 

7,8 bo i 1 i n g po i n t 

5, 6. 

texture bo i 1 i ng point 

shape density 

mass size 

authenticity cooling curve 

melting point freezing point 

7; Extra: Write your own group of five terms on the back of this 
paper. Explain in your title which words are related 
and which are not. 



£.!..!..!.~the Blanks - Guided Reading Three 

Directions: Read each sentence below. Turn to the page number 
listed after the sentence and try to locate a word having the same 
number of letters as spaces provided. Write the word or words on 
the spaces. 

1. Properties that do not depend upon the amount of the substance 
or on the shape of the sample. (p. 30, 2) £ _____________ £ ________ _ 
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2. The plateau on a graph indicates the f · · ~----
of a substance in a cooling curve. (p.-31,- 2)- - -

3. The mass per unit volume of a substance is called the~-----_ 
(p. 37, 1) 

4. Heating a solid slowly and evenly till it becomes a liquid enables 
scientists to determine the sol id's m ______ p ___ _ 
(p. 33, 1) 

5. The temperature at which a pot of water just begins to turn to 
steam is called its E_ ______ p ____ (p. 35, 1) 

6. The temperature at which a pot of water is 2/3 steam is called 

7. 

8. 

it I S ( p • 35, 1) 

The prob 1 em: 
digits. 

6. 10cm x 0. 73cm x 8. 745 wi.l 1 have 
(p. 37, 2) 

The density of a substance depends on the 
the substance. (p. 43, 2) 

of 



96 

Prefix and Suffix One 

Directions: Below are some common prefixes and suffixes which are 
used many times in your science book. Part of many words we use 
today originated from the languages of Latin and Greek. The study 
of prefixes and suffixes is important in science because it can help 
us understand new and difficult scientific terms more easily. While 
using your book, read the prefixes and suffixes below. Then write 
two words containing each prefix or suffix. You may need to use the 
back of this paper! 

Prefix (before) 

1. mi 11 i - 1000 

2. centi - 100 

3. di - 2 

4. ex - from or out 

s. sub - division into smaller 

6. micro - little or small 

]. pro - substituting or acting 

8. dis - denoting seperation, 
negation or reversal 

9, pre - before 

parts 

for 

Suffix (after) 

10. meter - person or apparatus 
that measures 

11. ment - state or condition 

12. ure - state of being 

13. 

14. 

ance - the quality or state 
of being 

able - suitable to 
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Science~ Puzzling Two 

Directions: Circle the hidden words, scientific or otherwise 
including prefixes and suffixes, within the scrambles letters above. 

p R 0 p E R T I E s C H A R A C T E R I s T I 

R E D y V I p 0 L u H y T R A N s X B I u E G 
E V E R A C E T 0 N E D E N s E I p R 0 B M L 
C E N T p 0 I N T s R R E A C T M E T H s p I 

I s 0 B 0 I L I N G p 0 I N T R I R D y T E R 
p R 0 u R M E L T I N G p 0 I N T I I D A R u 
I D E T A E C A 0 F R E E z I N G M s R N A 0 
T R I A T T E B u T A N E 0 L u M E T 0 C T p 

A L u N E E N 0 T H I N G s 0 M E N I M E u R 
T E T E A R I D E C A w G s V E L T L I s R E 
E X p A N s I 0 N I T R 0 G E N T R V ·o L u M 

Scoring: If you found 30 words and prefixes and suffixes you are a 
scientific genius! 

If you found 15 sords, prefixes, and suffixes you are 
average. 

If you found 10 or less words, prefixes, and suffixes you 
need to search for more words a little longer. 

C 
0 
0 
L 
I 

N 
G 
A 
s 
D 
E 
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Reading Guide Three 

I I I Levels of Comprehension 

I. Literal Level 

Directions: Below are several statements related to the chapter. 
Check those statements (v') that contain information included in 
the chapter. Leave false or statements not included in chapter 3, 
blank. Refer to the chapter to verify your response. 

---

---

---

---
---

---

---

1. Proper~ies that show differences between ~ubstances are 
called characteristic properties. 

2. The freezing point of a substance is often determined by 
a plateau on a graph. 

3, A sol id melts at the same temperature as its 1 iquid 
freezes. 

4. It is less difficult to measure the density of a gas 
than that of a 1 iquid or solid. · 

5, The density of a substance is always the same. 

6. When calculating experimental data. The result should 
have as many digits as the measured number with the 
smallest number of digits. 

7, We can determine between most substances if we can measure 
their densities, melting points, and boiling points. 

8. Smelling, shaking, and testing samples of substances are 
good methods to help identify them. · 

11. Interpretive Leve 1 

Directions: Below are statements that contain some possible 11 hidden 
meanings" in the chapter. Check those statements that represent 
11 hidden meanings•• actually contained in the chapter. Match the 
statements that you have schecked to the phrases at the right which 
might provide support for your answers. You may refer to your text 
to find where these items appear. 

True/False Statement# 

1. Candle wax does not have 
a melting point because 
wax can never become a 
liquid completely. 

1. 11 From your data on 
boiling water in ex­
periment 3.4 we can 
infer that . . . 11 



------ 2. The boiling point of 
a liquid is the same 
no matter what the 
amount. 

3. Significant numbers 
------ are determined in ex-

- -----

---- --

Ill. Applied Level 

perimental calculations 
because numbers carried 
out too far to the right 
of the decimal point may 
be inaccurate. 

4. If we can determine 
density, melting point, 
and boiling point we 
cannot necessarily dis­
tinguish between all 
materials. 

5. Characteristic proper-
ties are: freezing 
point, boiling point, 
melting point, and 
density. 
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2. "Candle wax has no 
freezing point; that is, 
there is no temperature 
at which it changes from 
liquid to hard solid with­
continuing to cool down 
during the process". 

3. "If we can determine the 
densities, melting points, 
and boiling points of 
materials, we can distin­
guish between almost all 
substances 11

• 

4 . . ''Not even a calculator 
can produce numbers that 
are more accurate than 
the data used in the 
ca lcul at i ons 1

.
1

• 

5. "Characteristic propert _i es 
are properties that do not 
depend on the amount or 
shape of the samp 1e11

• 

Directions: Answer, in a few sentences, the questions below. Note: 
Some questions do not necessarily have a right or wrong answer but 
should be answered according to your beliefs. 

1. 4.72 x 0.52 -has how many significant digits? 

2. Briefly describe how you would find the density of an irregularly 
shaped s ton.e. 

3. Briefly describe how you would find the density of a 111 square 
cube. 

4. Your text, in the boiling point experiment, asks you to share 
your graph with other classmates. Was this so you could cheat 
and copy each others' work? Why do you suppose the authors 
wanted you to compare? 



) 
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5. There were about five experiments in this chapter dealing with 
density, melting, freezing and boiling point. Which experiment 
did you like best and why? Which experiment was the most boring 
and why? 
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UNIT FOUR TEACHER ANSWER KEY 

Cloze Procedure Six 

1. dissolving 15. of 28. of 41. you 

2. know 16. you 29. roore 42. to 

3, a 17, dissolves 30. the 43. the 

4. solute 18. off 31. con cent ration 44. do 

5. solvent 19. 1 i quid 32. solutions 45. solution 

6. the 20. try 33, 1 i quid 46. classmates 

7. is 21. two 34. of 47. pour 

8. to 22. tubes 35. mass 48. solution 

9. a 23. for 36. solid 49. evaporating 

10. could 24. have 37, the 50. to 

11. of 25. the 38. the 51. solution 

12. and 26. process 39. vo 1 urne 52. carried 

13, a 27. your 40. your 53, tube 

14. begin 

277 word passage, 53 possible answers, passage contained on p. 51. 

Cloze Procedure Seven 

1. dissolve 

2. dissolves 

3. dissolves (above passage contained on p. 49) 

4. solvent 

5. solvents 

6. solvents (above passage contained on p. 64) 



Locational Skills Four 

1, a) solubility 

b) Table of Contents or looking through the book 

c) Characteristic properties, dissolving substances . Student 
answers will vary. 

2. Yes 

filtering, p. 74. 
of sa 1 t, p. 14 - 15, 21 , 92 
of sodiumchlorate, p. 92 

/frozen, p. 14 3 
mass of, p. 22 - 23 
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Information could have been found through the Index or by looking 
through the book. 

3. a) 4 
5 
3 
1 
2 

b) Contents or looking through the book 

Reading for Directions Seven 

1. solubility 

2. solublty 

3. so 1 ul ty 

4. solvlty 

5~ solvlty 

6. sol vety 

7. sol vet 

8. so 1 vent 

9, Solvents help determine the solubility of substances 
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Categorizing Four 

Answers will vary. Possible word groupings follow. 

1. Alcohols 

fruit alcohol 
methanol 
ethanol 
wine 
grain alcohol 

2. Solvents 

----
H

2
0 

methano I 
solvent 
sulfuric acid 
oi 1 of vitriol 

3. Gases which will not Dissolve in Water 

hydrogen 
carbon dioxide 
insoluble in water 

4. Characteristic Properties 

density 
melting point 
boiling point 
solubility 

5. Water Soluble 

salt 
sugar 
water soluble substances 

6~ Saturated Solutions 

saturated solutions 
water containing orange sol id chunks 
~iquid containing precipitate 
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Magic Squares Activity Two 

A. 9 

B. 2 

c. 7 

D. 4 
9 2 7 

E. 6 4 6 8 

F. 8 5' 10 3 

G. __ 5_ 

H. 10 

I. 3 

Guided Reading~ 

1. concentration 

2. saturated 

3. temperature 

4. solute 

5. hydro 

6. gen 

7. hydrogen 

Prefix/Suffix Two 

1: methanol, ethanol, alcohol, oil of vitriol 

2. sulfuric acid, hydrochloric acid, nitric acid 

3; potassium nitrate, saturate 

4. dioxide 

5. oxygen, hydrogen 

) 6. hydrogen 
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Guided Reading Four 

111 Leve 1 s of Comprehension 

I. Literal Level I I. Interpretive Level 111. Applied Level 

1. ../ ' p. 50 1. T, 2 1. Answer is de-
pendent upon 

2. J, p. 50 2. T, l+ student prefer-
ence. 

3, ..I ' p. 50 3, T, 
2. sol ubi 1 ity 

4 . ./ ' p. 51 4. T, 3 
3. The warmer H20 

5. No gets the less 

6--:- ./' 57 
oxygen wi 11 dis-p. solve in it. 

]. /, p. 62 l+. a) yes 

8. No b) no 



Cha racter istic 

Prope r t ies 

me 1t i ng point 

boiling point 

density 

solubility 

freezing point 

Structured Overview 

Physical Science 

Experimental 

Process 

i 
dissolve 

saturate 

heat substances 

cool substances 
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Substances 

I Solvent 
So 1 ute 

potassium-sulfate 

sodium nitrate 

magnesium 

copper 

zinc 

lead 

water 

methanol 

ethanol 

sulfuric 
acid 
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Hierarchy ·of ·Target Concept: Solubility 

1. Examples 

a) Solute dissolving into a solvent 

b) A solid (solute) dissolving into a 1 iquid (solvent) 

c) Sodium chloride (salt) dissolving in water 

d) Orange solid dissolving in water 

e) Potassium nitrate dissolving in water 

2. Relevant Attributes 

a) Concentration of the solution 
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b) Solutions in which no more sol ids can be dissolved are called 
saturated solutions. 

c) Subtracting the mass of the rema1n1ng dry solid from the mass of 
the solution will give you the masi and therefore · the volume of 
your sample. From this you can calculate the concentration of 
your saturated solution. 

d) A saturated solution is called the solubility of a solution, 

e) Solubility changes with temperature 

f) The solvents discussed in chapter four are water, hydrochloric 
acid, nitric acid, methanol, ethanol, and, green vitriol. 

g) Gases are Jess soluble when the temperature of the 1 iquids they 
are to be dissolved in are raised. 

h) If the dissolving 1 iquid is cool, then heating the gas itself ' 
will cause the gas to dissolve faster. 

i) Finding the solubilities of substances is a controlled experimental 
procedure. 

J) Solubility is a characteristic property. 

3. Irrelevant Attributes 

a) Shape of the solute or solvent 

b) Texture of the solute or solvent 
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c) Sme 11 of the so 1 ute or solvent 

d) Taste of the solute or solvent 

4. NonexampJes 

a) Sand dissolving in water 

b) Chalk dissolving in water 

c) Explosion of two substances 

d) Lighting your clothes on fire with your alcohol burner 

e) Freezing two liquids 

f) Bo i 1 i ng two l lquids 

g) Melting a solid 

) 



locational Skills Four 

Getting to Know your Science Text Number Four 

Directions: Briefly write your answers in the space after each 
question. You must use your book as a reference. 

1. · a) What is the title of chapter four? 

b) What part of the book did you find the title? 
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c) What do you think the chapter will be about just from reading 
the title? 

2. a) Solubility is discussed in chapter four extensively. Is it 
discussed in any other chapters in the book? 

b) If so, write at least one page number down where it is dis­
cussed which is not in chapter four. Also explain how you 
found your information. 

3, a) Number the following experiments in the order they will be dealt 
with in chapter four. 

Methanol as a Solvent ---
Solubility of Ammonia Gas ---
The Effect of Temperature on Solubility ---

--- Dissolving a Solid in Water 
. 

Comparing the Concentration of Saturated Solutions 

b) The answers to the above questions were found in: 

---

---

Index 

Table of Contents 

Epilogue 

Preface 

looking through the book 

\ 



I 
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Cloze Procedure Six 

If you 

Finding the Missing Words 

Directions: Fill in the missing word in each blank below. 
think you do not know the answer do not be afraid to guess. 
a test! 

This is not 

From your results of the orange sol id (Expt. 4. 1) you 

that you will reach point where no more ----- -----
will dissolve in the The solution then has 

largest possible concentration and called a saturated solu-

tion. 

find ·the concentration of · · saturated solution ----- -----
experimentally you add a tiny amount ----- so 1 id at a 

time see whether it dissolves. better method is -----
to with a large mass solid and shake until -----

judge that no more Then you can pour ----- -----
some of the clear and determine the concentration. 

dissolving 5g of solids in seperate test ----- -----
, each vigorously ----- several minutes until you --- ---

a saturated solution. If tube cools during the --- ------
, keep it warm with hand. Does one sample ----- -----
solid appear to be soluble in water than ----- ----- -----

other? 

To find the----- of the two saturated----- you can 

evaporate the from a known mass ----- each solution. -----
Subtracting the----- of the remaini .ng dry _____ from the 

mass of solution will give you mass and, therefore, ----- ---
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the of the water of sample. This will give ----- -----

----- the data you need calculate the concentration 

of saturated solution. You can the experiment ----- -----
for one while some of your work with the other 

solution. 

almost all the saturated into a previously -----
massed dish, being careful not pour out so much ----- -----

that undissolved solids over from the test ----- -----
into the dish. 

277 words 

I 



t , 
\ 
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· c1oze Procedure · seven 

Finding the Main Idea 

Directions: Fill in the missing word in each blank below. If you . 
think you do not know the answer do not be afraid to guess. This is 
not a test! Often a key word repeated over and over again will tel I 
you the main idea in a paragraph. Hint: In each paragraph below the 
blanks represent the~ missing word or words used repeatedly in 
the paragraph. 

You know from daily experience that sand and chalk do not 

in water but that ~ugar and table salt do. Of course, these 

are only qualitative observations. Are you sure that not even a tiny 

amount of chalk in a gallon of water? Can you 

as much salt in a glass of water as you wish? p. 49 

Except for water and the two alcohols we have discussed in this 

chapter, sulfuric acid was the first and most widely used -----
Later it was found that additional could be prepared by -----

· heating green vitriol with common salt and by heating it with potas-

sium nitrate. The thus obtained are called hydrochloric -----
acid and nitric acid respectively. p. 64 



Reading for Directions 

1. Print the word/solubility/. 

2. If solubility is a characteristic property, remove the only two 
vowels -that are the same in your word. 
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3, If sugar dissolves in chocolate milk as salt dissolves in water, 
then remove the first consonant in the alphabet from your word. 
(Clue: This consonant comes after the letter /a/.) 

lf. If sand or chalk react the opposite of ammonia gas or citric acid 
in water, then remove the middle vowel of your word, and replace 
it with the first letter of the word; ~itriol. 

5, If gases will not dissolve in water, remove the two letter word 
that begins with /s/ from your word. 

6. If methanol, sulfuric acid, green vitriol, hydrochloric acid and 
nitric acid are used to dissolve solutes, then remove the second 
/1/ in your word and replace it with the vowel /e/. 

]. If citric acid will no longer dissolve in a beaker of H20; the 
solubility would be called saturated. If this statement is true 
remove the last letter of your word. 

8. If the mass of dissolved solid is called the concentration of a 
solution, then add the consonant which comes after the letter /ml 
in the alphabet after the vowel /e/ in your word. 

·9, Write a sentence using your word. 
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Categorizing Four 

Directions: Cross out the vJOrd or words which do not fit in each 
group. Justify the remaining group by giving it a title. 

1. 

3. 

5. 

fruit alcohol 

methanol 

ethanol 

wine 

grain alcohol 

hydr_ogen 

carbon dioxide 

insoluble in water 

oxygen 

amonia gas 

salt 

sugar 

sand 

chalk 

water soluble substances 

2. 

4. 

6. 

H
2

0 

methanol 

solvent 

sulfuric acid 

solute 

o i 1 of vitriol 

density 

melting point 

mass 

boiling point 

so 1 ub i 1 i ty 

water containing orange 
solid completely dissolved 

saturated solution 

water containing orange sol id 
chunks 

liquid containing precipitate 



£..!..!.!.._!_!!_the Blanks - Guided Reading 

Directions: Read each sentence below. Turn to the page number 
1 isted after the sentence and try to locate a word having the same 
number of letters as spaces provided. Write the word or words on 
the spaces. This symbol rr means paragraph. 

1. Mass of sol id dissolved per unit volume of liquid is called 
~ _ _ _ _ _ _ _ _ _ _ _ _ (p. 50, Yi 4) 

2. A solution in which no more sol id can be dissolved is called 
a~ ____ ____ solution. (p. 50, '17'2) 

3. Graphed data clearly shows that how the solubility of a sub­
stance ghanges with t _--- -- -- _is a characteristic 
property. (p. 53, ti' 5T 

4. In the case of concentration the mass refers to the dissolved 
sol id called the and the volume refers to the 
liquid which is calledth;:= _ __ ___ (p. 50, 7T4) 

5. is a prefix that ~ans water. (p. 61, i7' 1) 

6. is a suffix meaning to generate. (p. 61, '17' 1) 
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7. The gas that produces water when burned is called __ --- - -­
(p. 61, it 1) 
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Prefix/Suffix Two 

1. The suffix /ol/ often means in chapter four that the substance is 
a type of alcohol. Name two solvents from this chapter which are 
types of alcohols. 

2. The definition of an /acid/ is, any compound that reacts with a 
base to form a salt. Typically a substance name ending with the 
word acid represents a solvent which will dissolve other materials. 
Name three solvents which were discussed in chapter four, and end 
wi.th the word acid. 

3, The word /ate/ is a suffix meaning to cause or to become. For 
example, look at the term evaporate. Evaporation of liquids can 
cause some substances to become gases. Name one other word ending 
in /ate/ from chapter four. 

Fill in the blanks: 

4. The prefix /di/ means two as in carbon 0 X i d e. --- ----
5. The suffix /gen/ means to generate as in the gases £_ ~ y_ ___ • 

6. The prefix /hydro/ means water as in the gas ---- -~~.!!.· 
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Magic Squares Activity Two 

Directions: Select from the answer column at the left the word which 
best answers each of the statements at the right. Put the number of 
the word in the proper space in the magic square answer box. If your 
answers are correct, they will form a magic square. The total of the 
numbers will be the same in each row across and down to form a magic 
number. Add up the rows across as you do them to check if you're 
coming out with the same number for each row. If not, better check 
your answers in the row that doesn't have the same number as the 
majority (Herber, 1970). 

Answers 

A. The liquids which enable some solids 
to dissolve, ie. water, hydrochloric 
acid. 

B. A solution in which no more solid can 
be dissolved. 

C. Specific properties that can help 
distinguish between substances that 
appear the same. 

D. The mass of solid dissolved per unit 
volume of liquid is called ·the 

of the solution. -----
E. An alcohol made from wood. 

F. A gas which is very soluble in water. 

G. The concentration of a saturated 
solution. 

H. The dissolved sol id is called the 

I. When a solid is mixed with a solvent 
and becomes a liquid; the solid went 
through the process of -----

A B C 

D E F 

G H I 

Vocabu 1 a ry Terms 

2. Saturated 

3. Dissolving 

4. Concentration 

5. So 1 ub i 1 i ty 

6. Methanol 

7. Characteristic 
properties 

8. Ammonia Gas 

9. Solvents 

10. So 1 ute 
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Reading Guide Four 

II I Levels of Comprehension: 

I. Literal Level 

Directions: Below are several statements related to physical 
science chapter #4; Check those statements (J) that contain in­
formation included in chapter #4. Refer to the chapter to verify 
your response. Write the page number you found each checked 
statement on. 

---
---

---

---

---

---

---

1. The mass of solid dissolved per unit volume of liquid is 
called the concentration of the solution. 

2. The dissolved sol id in a solution is called the solute. 

3. The soJvent, normally a liquid, is a substance in which 
another substance dissolves. 

~. The solution that has the largest possible concentration 
is called a saturated solution. 

5. The concentration of a non-saturated solution is called 
the solubility. 

6. Wood alcohol is c~l led "methanol" and grain alcohol is 
called "ethanol". 

]. Ammonia is a gas which dissolves in water. Therefore, it 
is considered very soluble in water. 

8. Carbon dioxide and hydrogen are not very soluble in water. 
Therefore, they easily dissolve in water. 

II. Interpretive Level 

Directions: Below are statements that contain some possible "hidden 
meanings" actually contained in the chapter. Match the statements 
you have checked to the phrases at the right which might provide 
support for your answers. You may refer to the chapter to find 
where these items appear. 

True/False Statement# 

1. Substances can be the same 
color, density, and physical 
appearance and still be 
different. 

1. The melting point 
of methane 1 is -98° 
C and the melting 
point of ethanol is 
-117°c. 



2. As the temperature of 
---- -- amnonia and water in-

- -----

--- ---

Ill. Applied Level 

creases the solubility 
of the anmonia will de­
crease. This is due 
primarily to the in­
creased temperature 
of the solvent or 
water. 

3. If you cooked a mix-
ture of wood alcohol 
and grain alcohol to 
-1000 C, the 1 i quid 
obtained would consist 
of ethanol and the pre­
cipitate would con­
sist primarily of 
methanol. 

4. A solution consists of 
a solute plus a sol-
vent. Therefore a 
solution wil I a~ways 
contain two or more 
elements. 
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2. Sugar and citric 
acid look the same. 
They are both white. 
Their densities differ 
only slightly. They 
are both granular 
sol ids, and yet they 
are both different. 

3. The term solution 
refers to the dis­
solved solid (called 
the solute) and to 
the 1 iquid {cal led 
the solvent). 

4. "Figure 4.5, page 
64, shows how ammonia 
gas can be produced 
by slowly heating 
a water solution of 
ammonia. The gas can 
then be collected in 
a dry test tube. What 
can you conclude about 
the solubility of the 
gas as the temperature 
is raised? 11 

Directions: To apply what we read, we need to combine what we read, 
see, and hear with personal ideas or experiences. Below are questions 
which ask for your personal answers based upon your readings of 
chapter #4, your laboratory experiences, and thoughts. Answer each 
question briefly in several sentences. Do not be frustrated! The 
exact answers to most of these questions can not be found in your 
book. Do not be afraid to make an educated guess! Some questions do 
not have a specific right or wrong answer. 

1. There were six experiments contained in chapter #4. Which one did 
you like the least and why? 
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2. All six experiments were emphasizing an important characteristic 
property. In your opinion, which property was emphasized in 
chapter #47 

3. · Why will fish tend to die in warmer water than cold? 

4. When gases are added to cool solvents, such as water, more 
gases will usually dissolve. Conversely, if the solvents are 
heated, gases will tend to decrease insolubility. Answer the 
following questions concerning the validity of the above state­
ments: 

a) Is the above statement usually the general pattern for 
gases? 

b) Is the above statement usually true with solids as well 
as gases? 
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UNIT FIVE TEACHER ANSWER KEY 

Cloze Procedure Eight 

1. may 16. some 30. at 44. and 

2. thick 17. point 31. the 45. engines 

3. difficult 18. tarry 32. in 46. petroleum 

4. this 19. these 33. squeezed 47. methods 

s. the 20. the 34. time 48. drilling 

6. is 21. for 35. of 49. also 

7. where 22. purposes 36. of 50. pet ro 1 eum 

8. and 23. as 37. wool 51. this 

9. to 24. substances 38. mouth 52. fractions 

10. some 25. of 39. a 53, fami 1 iar 

11. salt 26. ancient 40. wick 54. heating 

12. always 27. crude 41. of 55, and 

13. discovered 28. the 42. of 56. les.s 

14. the 29. urn 43. over 57. industry 

15. once 

Locational Ski 11 s Five 

1. a) The separation of substances 

b) Table of Contents 

c) Taking things apart, d i s t i 11 a t i on 

2. 4 
1 
2 
3 
5 



3. Contents or, looking through the book 

4. a) no 

b) yes, p. 72 

c) no 

1. fractional 

2. dractional 

3, dract io 1 

4. dactiol 

5. dactiol 

6. dictiola 

7. dictilla 

8. dictillation 

9. dist i 11 at ion 

Reading for Directions Eight 
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10. Fractional distillation is an experimental process which separates 
substances. 

Categorizing Five 

Answers will vary. Possible word groupings follow. 

1. So 1 vents 

sulfuric acid 
hydrochloric acid 
nitric acid 
methanol 

2. Gases 

nitrogen 
hydrogen 
ammonia gas 
oxygen 



3. Solvents or Alcohols 

wood alcohol 
methanol 
grain alcohol 
ethanol 

4. Petroleum Substances 

methane 
ethane 
propane 
butane 
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5. Compounds, Substances, or Mixtures Found Under the Earth's Crust 

porous rock 
nonporous rock 
0 i 1 
water 

6. Experiments Which Involve Separation of Substances 

paper chromatography· 
fractional crystallization 
fractional distillation 
separation of substances 

Guided Reading Five 

1. characteristic, properties, substances 

2. liquids, distill, fractions, mixture 

3. vapor, distills_ 

4. petroleum, fractions 

5. earth, compresses 

6. boil i~g point, evaporated 

]. soluble, solubilities 

8. dissolved, precipitated 

9. temperature, separate 

10. crystals 

11. gases, condenses, boiling points, plateaus 



12. compressed, cool 

13, pure, substances 

14. mixture 

1. substance 

2. hydrogen 

3, gas 

4. petroleum 

Science~ Puzzling Three 

5, fractional crystallization 

6. cool 

7, heat 

8. melting point 

9, fractional d i s t i l 1 a t i on 

10. micro me 1 t i n g 

11. science 

12. distillation 

13. solid 

14. centimeters 

15. experiment 

16. mixture 

17. boiling point 

18: precipitate 

19. freezing point 

20. vapor 

21. so 1 ute 

point 
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22. liquid 

23. density 

24. solubility 

Word Definitions 

1. oxygen, nitrogen, chloride, toluene, mercury, helium 

2. sugar end water, sodium chloride and water, potassium nitrate 
and water 

3, petroleum, potassium nitrate, and sodium chloride 

4. methane, ethane, propane, butane, mercuric oxide 

5. two parts are added together to make a whole 

Reading Guide Five 

I. Lite ra 1 Leve 1 I I • ·hnterpretive Level IIL Applied Level 

1. ./ ' p. 71 1. vi ' 4 1. Student answers 
wi 11 vary . There 

2. ../ ' p. 72 2. No are no possible 
false answers . 

3. No 3. ../ ' 2 
2. Some substances 

4. ../' p. 81 4. ./ ' 1 would probably boil 
off leaving a more 

5, ..J ' p. 81 pure substance. 
This process is 

6. ,./ ' p. 82 called fractional 
d i st i 11 at ion . 

7, ../ ' p. 85 
3, Icebergs are formed 

8 . ..I ' p. 69 through the process 
of fr act i ona 1 
crystal 1 ization. The 
salt precipitates 
out. 

4. tri decane 

5. fract iona 1 crystalli-
zat ion 



Structured Overview 

Physical Science 

1 
Chemistry 

~! 
Chara~teristic Experimental 

Prope rties 

l 
melting point 
bo i 1 i n g po i n t 
density 
solubility 
freezing point 

Process 

L 
fractional distillation 
dissolve 
saturate 
heat substances 
cool substances 
separation of sol ids 

from liquids 
separation of a mixture 

of solids 
fractional crystallization 
separation of gases 
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Gas 

nitrogen 
oxygen 

Liquid 

So 1 id 

sod i um ch lo r i de 
potassium nitrate 

petroleum 
hydrochloric 
acid 
nitric acid 
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Hierarchy of Target Concept: The Seperation of Substances 

1. Examples 

a) The fractional distillation of petroleum 

b) The sepuration- of a mixture of soluble solids: sodium chloride 
and potassium nitrate 

c) Paper chromatography 

d) The fractional crystallization of sodium chloride 

2. Relevant Attributes 

a) 

b) 

c) 

d) 

e) 

. f) 

3, 

a) 

b) 

c) 

d) 

4. 

a) 

b) 

. c) 

d) 

The solubility of specific substances 

The heat of the solute and solvent 

The resulting precipitate 

Controlled experimental procedure 

Mixtures of gases, liquids, and solids can all be separated by 
using the characteristic properties . 

The varying colors on your filter paper during paper chromatography 

Irrelevant Attributes 

How the mixture looks 

How the mixture feels 

How the mixture tastes 

The texture of your filter paper 

Nonexamples 

Separating salt from sand with tweezers 

Crushing sodium chloride crystals with your fingers 

Breathing in ammonia gas 

Dissolving ammonia. gas into water 
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Finding the Missing Words 

Directions: Fill in the missing word in each blank below. 
think you do not know the answer do not be afraid to guess. 
is not a test! 

If you 
This 

The nonporous "cap rock" be thousands of feet 

It is expensive and to drill through all rock 

to get to petroleum below, and it ----- not easy to 

predict ----- oil is trapped. Deep expensive wells -----
of ten fa i 1 reach oil or gas. wells produce 

nothing but water, whereas others remain dry. -----
Petroleum was first 

surface in shallow pools. 

where it seeped to -----

----- exposed to the air, 

of the lower-boil i_ng-_____ substances slowly evaporated, leaving 

, almost solid, asphalt behind. tars, as well as -----
liquid petroleum, were used many of the same 

in the ancient world -' · the tars and watery -----
obtained from the distillation wood. 

methods used to distill oil con-One of the 

sisted of heating oil in a copper · with a wool ----- -----
11spo_nge 11 the narrow mouth of vessel. The vapors ----- -----
condensed the sponge, which was out into containers -----
from to time. A variation · this method made use ----- -----

a heavy wick of that led from the ----- -----
the urn into 

crude form 

collecting vessel. Such a -----
condenser. 

-----

The widespread use kerosene lamps a little -----

of 

was a 
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100 years ago - more recently, of gasoline 

created a demand for This led to improved 

of locating oil and we 11 s. Better apparatus was 

developed for fractionally distilling on a large scale. 

apparatus gives the useful with which we are 

- gasoline, kerosene, diesel fuel, and 1 ubr i ------
eating oils, paraffin, 

familiar fractions used in 

asphalt as well as -----

250 words 



Locational Skills Five 

Getting to Know Your Science Text Five 

Directions: Briefly write your answers in the space after each 
question. Be sure to use your science text. 

1. a) What i S the title of Chapter Five? 

b) In what part of the book did you find the title? 

c) What do you . th i n k th i s chapter may be about just from 
reading the title? 

2. Number the following experiments in the order they will be 
dealt with in chapter five. 

--- Low Temperatures 

Petroleum 

--- Fractional Crystallization 

Paper Chromatography ---
Mixtures and Pure Substances ---

3, The answers to the above questions were found in: 

---
---

Index 

Table of Contents 

Looking through the book 

Epilogue 

Introduction 

4. Check the correct answer or answers below. 
From Figure 5,2 the student can derive information about: 

--- The solubility curves of sodium chloride and potassium 
nitrate 
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The earth's surface which consists of layers of porous and --- nonporous rock. 

Chemical breakdown information concerning substances found --- in petroleum 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Reading for Directions 

Print the word /fractional/. 

If the word fractional means a small part of the whole; remove 
the beginning consonant from your word and replace it with the 
consonant that comes after the letter /c/ in the alphabet. 
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If fusion or the bringing together of substances is the opposite 
of fractional crystallization or distillation; then remove the 
last vowel of the only two vowels which are the same in your word. 
Also, remove the consonant /n/ as in .!!_itrogen from your word. 

If methane, etha'ne, and propane are all substances found in petro­
leum by the process of distillation; then remove the first conso­
nant from the word "reaction" in your word. 

If fractional distillation is the opposite of fractional crystalli­
zation; then cha~ge the initial letter /d/ in your word to the 
letter /f/. 

"If melting point and freezing point mean basically the same thinq; 
move the vowel /a/ behind the consonant /1/ and add the short vowel 
/i/ in the original place that vowel /a/ occupied. 
Hint: The first four letters of your word are often the abbrevia­
tion for dictator or dictionary. 

If arrmonia gas reacts the same in water as sodium chloride reacts 
in water then; remove the second to last vowel in your word and 
replace it with the consonant /1/. 

If paper chromatography separates substances by separating out 
their varying colors then; add the suffix /tion/ which often means 
"the act of" to the end of your word. 

If two solids differ in the characteristic property of solubility, 
then they can usually be seperated by dissolving and filtering at 
room temperature. If this statement is true then replace letter 
/cl for letter /s/ in your word. 

Write your new word in a sentence. 
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Categorizing Five 

Directions: There are five words in each section below. Cross out 
the one word in each group that you feel is not related to the others 
Explain the relationship by titling each group. 

1. 2. 

sulfuric acid nitrogen 

hydrochloric acid magnesium 

sand hydrngen 

nitric acid ammonia gas 

methanol oxygen 

3, 4. 

wood alcohol methane 

methanol ethane 

grain alcohol propane 

ethanol rock 

metals butane 

5, 6. 

porous rock fusion 

nonporous rock paper chromatography 

atmosphere fractional crystallization 

oi 1 fractional d i st i 1 1 at ion 

water separation of substances 
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£.!.!l. .!...!!_ the Blanks - Guided Reading 

Directions: Read each sentence below. Turn to the page number 1 isted 
after the sentence and try to locate a word having the same number of 
letters as spaces provided. Write the word or words on the spaces. 
The symbol 1T" stands for paragraph number. 

1. In this chapter, we shal 1 use the c 
p we have studied to work out a variety of 
methods for separating mixtures of different~- _______ _ 
( p. 67, 17'1) 

2. Experiment Fractional Distillation 

In this experiment you will determine some of the properties of a 
mixture of 1 Then you will d the mixture 
and examine-the-properties of the f - - - - - -to see if you 
succeeded in separating the 1 iquids that made up the original 
!!!_______ (p. 67, rr 2) 

3. Record the temperature of the v from the boi 1 ing 1 iquid 
every ha 1 f minute it ~ ___ _ -_--_-_-: TP. 69, '1i' 1) 

4. P is another example of such a mixture; the com-
position of typical f distilled from petroleum 
is shown in table 5.,.-rp:-11:- .,,n-

5. In the course of more millions of years, the slow but ever-changing 
crust of thee -buckling in some places, rising in others, 
and sinking instil] others-moves and C the rock 
)ayers that were on the ocean bottom. (p. 72, rr 2r 

6. Once exposed to the air, some of the lower b -p 
substances slowly e , leaving tarry, ahoost sol id, 
asphalt behind. (p. 73, ti' 2T 

7. If one sol id is s in water and the other is not, you 
can separate them easily-by taking advantage of the difference in 

~----------- (p. 74, 11'4) 

8. Do you think either substance d ? To find out, 
filter out the undissolved material as shown in Fig. 5.3. Wash 
the p left on the filter paper by pouring an 
additional 10cm3 of water into the funnel. (p. 74, '11' 5) 

9. We can make use of the effect oft on the sol-
ubility of these two substances to~---- ___ them. (p. 77, 
;, 1) 

10. When sol ids precipitate slowly out of solution, the£ __ -----
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they form will have characteristic shapes. (p. 79,'1t 6) 

11. There are a number of ways of separating g One of them 
which is widely used, is to cool the mixtureuntiT it C 

___ to form a 1 iquid. Then we can make use of the different- -
b p of the various 1 iquids and fractionally 
distill the cold 1 iquid. The gases are then collected one by one, 
as the boiling temperature levels off at new n • 
(p, 81, 'ff3) L-------

12. One method of cooling gases depends on the fact that very highly 
c gases _c ___ when allowed to expand. (p. 82, 
'fl' 3T - - - - - - -

13, We have thus arrived at a collection of three substances whose 
properties are not changed by repeating any of these procedures. 
We call such substances 11 p s 11 (p. 85, 
r7 3) - - - - - - - - ·- - - - - -

14. Then we say that the original sample was a!!!_ ______ of the 
pure substances. (p. 85, 'fl" 4) 
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Science ~Puzzling 

Directions: Using the clues at the bottom of the page, complete the 
spelling of each word. 

1. 

2. 

3. 

i.. 

5. 

64 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24 .. 

C 

p 

H 

R 

A 

R 

A 

0 

p 

E 

C 

T 

E 

R 

s 

T 

C 

R 

T 

E 

s 



Word Clues - Science~ Puzzling 

1. The physical matter of which a thing consists 

2. A flanrnable, colorless, odorless gas 

3. A substance which can expand indefinitely, ie. vapor 

4. A liquid solution of hydrocarbons occuring naturally under the 
earth's crust. 

5. This represents the experimental process of separating sol ids 
thr~ugh heating and cooling. Crystals are then ·for~ed. 

6. To lower in temperature 

7. To raise in temperature 

8. To change from a solid to a liquid stat~ generally by heat 
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9. This represents the experimental process of seperating a mixture 
of liquids, usually through heating and f}lteri~g processes. 

10. The melting point of a small amount of substance 

11. A field which uses systematized knowledge derived from observation, 
ie., experimentation. 

12. An experimental process which separates substances usually through 
heating. 

13. Firm, compact, neither liquid nor gas 

14. 1/100 of a meter, unit of measure 

15. A trial or test undertaken to discover or demonstrate something. 

16. A combination of pure substances 

17. The vaporization of a substance thr~ugh heat 

18. A solid which is separated out of a solution 

19, When a liquid changes to a solid, often through a cooling process. 

20. Gases which are often released through heating. 

21. The substance which is dissolved in a solution 

22. Readily flowing fluid 
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23. The ratio of the mass of an object to its volume. 

24. The conditions under which specific substances can be dissolved. 

Chapter Five Word Definitions 

1. Element. This consists of one pure ingredient such as hydrogen. 
Name two such elements from chapter five. 

2. Solution. This usually consists of a solute plus a solvent. In 
your textbook this often means a sol id dissolved in · a liquid. 
Name two solutions from chapter five. 

3, Mixtures. In your book this is usually talking about a mixture 
of solids but one can have a mixture of liquids also. Name two 
mixtures from chapter five. 

4. Substance. In your text a substance usually consists of more than 
one pure ingredient. Name two substances· used in chapter five. 

5. Extra Credit 

Although this has not been mentJoned in chapters one through five, 
another term widely used to describe scientific ingredients is the 
word compound. Try to define, in a few words, the meaning ·of this 
new term. 
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Reading Guide Five 

Ill Levels of Comprehension 

I. Literal Level 

Directions: Below are several statements related to physical 
science chapter #5. Check those statements (.J) that contain 
information included in chapter #5. Refer to the chapter to verify 
your response. Write the page number you found each checked 
statement on. 

---

---
---

1. Petroleum is believed to be produced naturally from dead 
animal and vegetable matter. 

2. Most of the petroleum in the earth's crust is stored in 
nonporous rock formations. 

3. All solids can be separated by dissolving them in water. 

4. One way of separating gases is to cool the mixture until 
it condenses for form a liquid. 

5. Oxygen and nitrogen make up 99% of the gases in the air 
--- we breathe. 

--- 6. Very highly compressed gases cool when they expand. 

--- 7, An original sample is usually a mixture of pure substances. 

8. Fractional distillation represents a way of separating --- mixtures through boiling. 

I I . I n t er pre t i ve Leve 1 

Directions: Below are statements that contain some possible "hidden 
meanings" actually contained in the chapter. Match the statements 
you have checked to the phrases at the right which might provide 
support for your answers. You may refer to the chapter to find 
where these items appear. 

True/False Statement# 

1. Paper chromatography 
is a way of separating the 
colors of substances but 
not necessarily the speci­
fic identification of sub­
stance names. 

1. To observe sodium 
chloride crystals 
you can prepare a 
saturated solution 
of it and allow it 
to evaporate over­
night. 



------

------

------

111. Applied Level 

2. The notation 1°c stands 
for: one degree cali-
brated. 
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2. "It is not always 
easy to separate a 
mixture into pure 
substances by frac­
tional distillation. 
Petroleum is another 
example of such a 
mixture; the compo­
sition of typical 
fractions distilled 
from petroleum ii 
shown in table 5,1 11 

3, The petroleum substances 3, Thermometers are often 
calibrated in degrees 
Celsius. 

found in table 5. 1 repre-
sent materials found in 
petroleum by the process 
of fractional distillation. 

4. Sodium chloride or tabl~ 4. 
salt is formed by evapo-
ration or by the process 
of fractional ~rystall iza­
tion in experiment 5,6 

Hang a strip of filter 
paper streaked with 
ink in a graduated 
cylinder containing 
H20. When the color. 
has risen up the paper 
remove the paper and 
hang it up to dry. 
How many different sub­
stances can you identify? 

Directions: To apply what we read, we need to combine what we read, 
see, and hear with personal ideas or experiences. Below are questions 
which ask for your personal answers based upon your readings of chap­
ter #5, your laboratory experiences, and thoughts. Answer each 
question briefly in several sentences. Do not be frustrated! The 
exact answers to most of these questions can not be found in your 
book. Do not be afraid to make an educated guess! Finally, you may 
wish to answer the extra credit question based again upon your 
personal experiences and thoughts. 

1. There were four experiements in chapter #5. Which one did you 
like the best and why? 

2. If you had a solution made up of several materials, and began 
to boil it, what would happen? What is this process called? 
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3, Icebergs are formed from salt water. However, the ice itself 
contains no salt. How do you explain this? 

4. Considering petroleum; if you reached a temperature of ]0°C 
you could have fractionally distilled off which une or ones 
of the following: hexane, heptane, tridecane7 

Extra Credit 

1. Freeze dried coffee is formed by one of the following processes: 
fractional distillation, chromatography, or fractional crystalli­
zation. Name the correct process and why you think you are right. 



Chapter 5 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

A review of the literature revealed that texts were widely 

utilized by instructors in secondary science. These science texts 

often had reading difficulty levels which were too advanced for the 

students for whom they were written. The type of science terminology 

utilized and the rate with which-terms were Jntroduced represented 

factors which led to students having difficulty in reading science 

textbooks. A variety of strategies were recom:nended by numerous 

authorities to help pupils comprehend difficult science material. 

Some of the methods suggested were: a) structured overviews, 

b) cloze procedures, c) locational skills strategies, d) vocabulary 

reinforcement strategies, and e) reading guides. Although these 

methods were widely suggested, little actual research was found 

implementing them. Instruction in comprehension using reading seldom 

occurred through the use of science textbooks, according to teacher 

survey and research. However, a number of authorities have stated 

,that comprehension skills necessary to all general reading were 

also necessary to reading a science text. 

The purpose of this project was to construct a set of student 

strategies in the form of systematic lessons in reading skills 

utilizing supplementary science material. The strategies were 
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developed to increase student ability to comprehend and utilize the 

science text as a tool for finding information. Various comprehension 

strategies were designed for each of the chapters one through five of 

the science text. The comprehension strategies were designed to 

increase student understanding of vocabulary, the ability to locate 

information within the text, and conceptual thinking at the literal, 

inferential, and ap~l ied levels. 

Conclusions 

The comprehension strategies developed in this project were used 

in two ninth grade classrooms. The following conclusions were based 

upon student and science teacher use of these strategies within the 

classroom. Based upon discussions with science teachers concerning 

comprehension strategies, it was found that there was a need for 

more science teacher instruction and input concerning comprehension 

strategies needed to read the science text. It was also found· that 

the ninth grade students were not highly motivated to read their 

science texts. During testing, cloze procedure scores from chapter 

one showed that 44% of the students were reading their science text 

at the independent reading level, 44% of the students were reading 

their texts at the instructional reading level and 11% of the students 

were reading their science texts at the frustration reading level. 

During testing, with the cloze procedure with materials from chapter 

three, student scores were as follows: 22% of the students were 

reading their science text at the independent reading level, 67% of 

the students were reading their science texts at the instructional 



reading level, and 11% of the students were reading their science 

texts at the frustration reading level. These results showed that 
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the majority of the class was handling their text at the instructional 

level or above, according to standardized cloze procedure scoring. 

Student cloze test scores did not improve on chapter three although 

they had taken three prior cloze tests on information contained in 

chapters one through three. This showed that repeated use of the 

cloze technique, using different passages each time, did not increase 

subsequent cloze scores with these pupils. The science teacher ad­

ministering the cloze tests also noted that there was a . lack of 

student motivation to complete the cloze tests. Science teachers 

interviewed emphasized the importance of the cloze technique as an 

ability indicator for students to handle the text but not as a 

motivational or instructional tool. 

Although cloze techniques appeared to stimulate little pupil 

motivation, the science teacher using the materials observed that 

students were motivated to complete and participate in the vocabulary 

and reading guide exercises in this project. Specifically, the science 

is puzzling, reading for directions, and reading guide strategies , 

appeared to be the most popular with pupils. By observing student 

attitude and motivation during comprehension lessons, it was found 

that certain lesson types were more motivating than others. 

Pre and post standardized science test scores were compared be­

tween two ninth grade physical science classes. One class had re­

ceived systematic comprehension lessons as described in this project 



and the other had not. There was no significant difference found 

between the scores of the two classes on the standardized science 

test. 

Recommendations 
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Research is needed to substantiate using the comprehension 

strategies suggested in this project. The student strategies should 

be utilized in seveial science classrooms to further test their 

effectiveness. Science teachers also need more exposure to student 

comprehension strategies in their subject area. Reading and science 

teachers could benefit from sharing strategies which might help them 

deal with content area concerns. Modifications of and additions to 

the student materials developed for this project should be made as 

the science teachers use them. 
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