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ABSTRACT 

Investigates the effects of a priming activity on the reading 

comprehension of a science topic for subjects with low prior knowledge 

about that topic and/or for subjects with misconceptions about the 

topic. The priming activity taught concepts that science experts 

identified as being prerequisite to understanding the reading passage. 

Theoretically, this study emanates from schema theory. That is, 

readers I comprehension is believed to be affected by inadequate or 

inappropriate background knowledge. 

140 eighth grade science students were administered a 32 item 

researcher-developed multiple choice test to assess prior knowledge of 

tha topic, photosynthesis. Of these, 99 were identified as having low 

prior knowledge of the topic and were thus selected as subjects for the 

study. The quality of their prior knowledge was also assessed by this 

instrument; the distractors to many of the items were misconceptions 

about the topic. 

Procedures included the pretest, a videotaped priming activity, 

an intervening task, a 920-word silent reading passage, and a posttest. 

The target priming activity and passage were about photosynthesis. A 

placebo priming activity and passage were about heredity. Subjects were 

randomly assigned into one of four treatment conditions: 1) target 

priming activity + target passage, 2) target priming activity + placebo 

passage, 3) placebo priming activity + target passage, or 4) placebo 

priming activity + placebo passage. 

x 



xi 

The dependent variable was a 32 item multiple choice test 

(identical to the pretest) about photosynthesis. Three question types 

were included: 1) textually explicit, 2) textually implicit, and 3) 

scriptally iinplicit items. 

The data were analyzed using a hierarchical regression model. 

Separate analyses were performed with the total and component parts of 

the posttest as the dependent variable: total posttest score, textually 

explicit score, textually implicit score, and scriptally implicit score. 

Another descriptive analysis was performed on the questions containing 

misconception data. 

Results indicate that a lesson which teaches prerequisite 

concepts does not significantly affect the reading comprehension of 

students with low prior knowledge. Of the three question types, the 

priming activity had a significant effect on scriptally implicit 

questions. There was no effect due to priming activity on textually 

explici t or textually implicit questions. 

precluded any results about misconceptions. 

A problem with test items 



CHAPTER 1 

STATEMENT OF THE PROBLEM 

The purpose of this chapter is to present the (1) background of 

the study, (2) statement of the problem! (3) significance of the study, 

(4) assumptions underlying the study, (5) definitions of terms, and (6) 

limitations of the study. 

Background of the Study 

Factors affecting the comprehension of written text have been 

and continue to be a concern of educational practitioners, researchers, 

and theoris ts. The reader's ability to comprehend text should be 

facilitated as more is learned about the processes involved in reading 

comprehension and this knowledge is implemented in the writing of 

textbooks, teacher education, and classroom practice. A viable model of 

reading comprehension is provided by schema theory, which postulates 

what these processes are and how they function. 

Schema theory contends that knowledge is structured into large, 

complex, and abstract units of knowledge called schemata (singular, 

schema), which embody what one holds to be true about the world 

(Anderson, 1980). Schemata do not exist as separate entities, but are 

interrelated and embedded, one within the other (Rumelhart and Ortony, 

1977) • 

The notion of schemata is not new. Kant (1787) used the term to 

explain how concepts exist which are able to subsume so many different 
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examples under them. Bartlett (1932) is credited with bringing the term 

to modern cognitive psychology. He used schemata to explain his 

subjects' reconstruction of a story they had read. To Piaget (1952), 

schemata are what is known about something and include the appropriate 

behavior for an event or object. He postulated that schemata change 

over developmental time through the processes of assimilation and 

accomodation. 

At the present time, schema theorists are attempting to develop 

more precise descriptions of schemata and how they function in the 

process of comprehension. A schema can be described as a unit of knowl-

edge which contains variables. These variables are placeholders or 

slots in the schema which can assume different values. Only certain 

values will make sense in any particular schema (Anderson and Pichert, 

1978). For example, in a schema about dogs, a variable might exist for 

"skin covering." However, the value "scales" would be inappropriate in 

this slot, whereas the value "fur" would be appropriate. This slot-

filling process is known as instantiation (Anderson and Pichert, 1978; 

Rumelhart and Ortony, 1977). 

Obviously, this process of instantiation breaks down if the 

wrong schema is selected. The schema chosen must give an adequate ac

count of the situation, object, or event. The schema evaluates itself 

by determining if the incoming information can be used to instantiate 

the schema's variables in a way that makes sense. If not, processing 

hal ts and another schema is tested for its goodness of fit (Rumelhart 

and Ortony, 1977). If the input favors the use of that schema, then the 
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schema accounts for the relevant aspects of the input. "The total set 

of schemata instantiated at a particular moment in time constitutes our 

internal model of the situation we face at that moment in time, or, in 

the case of reading a text, a model of the situation depicted by the 

text" (Rumelhart, 1980, p.37). Thus, reading comprehension requires the 

selection of relevant schemata and their instantiation such that the 

text makes sense to the reader. 

Some conclusions about reading comprehension can be made from 

this theoretical description. A general conclusion is that meaning 

comes from the interaction between some type of input and what the 

learner has in various schemata, or as Anderson (1977) has stated, "The 

meaning is not in the message. A message is a cryptic recipe that can 

guide a person in constructing a representation" (p.422). Failure to 

comprehend text could therefore occur when the reader lacks the appro

priate schemata with which to comprehend the text. It could also occur 

if the reader has poorly developed schemata for the concepts presented. 

In this instance, the reader has no placeholders or slots in which to 

instantiate the variables, or lacks the range of choices for possible 

values of the variables. A third possible cause of reading failure 

could occur when the reader has the appropriate schemata but fails to 

use them when required (Rumelhart, 1980). 

Readers may have schemata for a concept, but they may contain 

erroneous information. These have been labelled "preconceptions" or 

"misconceptions" (Anderson and Smith, 1983, Ea ton, Ande rson, and Smi th, 

1983), and are a fourth possible cause of reading comprehension failure. 
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Thus, what the reader brings to the text, which can be labelled 

existing schemata or prior knowledge, is an integral part of the reading 

process. It is an appropriate focus of study if one is concerned with 

the reading process and the comprehension and learning from text. Or, 

as the oft-quoted statement of Ausubel (1968) succinctly states, "The 

most important single factor influencing learning is what the learner 

already knows. Ascertain this and teach him accordingly" (p.vi). 

Statement of the Problem 

This study was designed to assess the effects of a priming 

activity on the reading comprehension of subjects who possess low prior 

knowledge of the topic presented in a reading selection. 

Specifically, the purpose of this study was to investigate the 

following research questions: 

1. Does a priming activity facilitate reading comprehension 

when comprehension is measured with a content-specific multiple 

choice test? 

2. Does a priming activity have the same or different effects 

on subjects' performance on textually explicit, textually im

plicit, and scriptally implicit questions? 

3. Does a priming activity facilitate the reading comprehension 

of those subjects with identified misconceptions relevant to the 

passage? 
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Significance of the Study 

Since the last decade, there have been an increasing number of 

studies which have attempted to verify the role of prior knowledge in 

the process of comprehension. Many of the early studies used contrived 

and ambiguous text. Investigations such as those by Bransford and 

Johnson (1972) found that appropriate schemata needed to be activated 

for comprehension to occur. Studies by Anderson and his colleagues 

(Anderson, Reynolds, Scha11ert, and Goetz, 1977; Pichert and Anderson, 

1977; and Anderson and Pichert, 1978) found that the ambiguous texts 

they used were remembered differently depending on the point of view of 

the reader. Though these two groups of studies used adult subjects, 

Brown, Smiley, Day, Townsend, and Lawton (1977) found that children also 

comprehend ambiguous text according to the point of view they assume, 

and that this point of view can be manipulated. However, the process of 

learning requires schemata change, and as Schal1ert (1982) has pointed 

out, not much can be learned about how readers gain information from 

text when the research uses artificial materials, and when it does not 

focus on how schemata are altered by text. 

Other studies have moved from contrived text to "real" text, 

which has been taken from classroom materials or written by investiga

tors. These studies have shown that the more readers know about a topic 

prior to reading, the better able they are to answer questions about or 

retell the text. In studies by both Berkowitz and Taylor (1981), and 

McKenzie and Neilsen (1981), readers performed better on comprehension 

measures after reading familiar text than unfamiliar text. Holmes 
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(1981) and Taylor (1979) also reported similar results, but in these two 

studies differences were found between good and poor readers that did 

not occur in the two studies previously cited. In these latter studies, 

the reading ability of the studerits interacted with the familiarity of 

the topic. The good readers in Holmes' study obtained the highest 

scores when reading familiar text, while the poor readers in Taylor's 

study showed the lowest scores when reading unfamiliar material. 

These studies, however, define or use "priOr knowledge" as 

familiarity with a topic. When used in this sense, it is not clear from 

these studies whether the information in the text was new to the 

readers, or if in fact any interaction between existing schemata and the 

text was occurring. It is possible that these passages were merely 

activating existing schemata, and that no learning was taking place. 

Johnston and Pearson (1982) have used the term "background 

knowledge" to mean knowledge that is prerequisite to successful reading 

comprehension of a passage when reading comprehension was measured by 

their content-specific multiple choice test. They have recognized that 

certain knowledge must be part of the learner's cognitive structure 

before one can understand certain concepts, and have identified that 

background knowledge in this ins tance. By including both background 

knowledge questions and questions requiring that background in their 

assessment measure, they were able to illustrate the relationship 

between prerequisite knowledge and the learning of new information. 

They found that though abili ty was a significant factor in the 
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comprehension of the passage, prerequisite background knowledge was the 

best predictor of students' reading comprehension. 

In studies by Johnston and Pearson (1982) and Rogers-Zegarra 

(1983), there exists a construct validity problem with regard to prior 

knowledge and the determination of what prior knowledge is relevant. 

The prior knowledge and reading comprehension assessments were contrived 

in the sense" that they were wri tten with both in mind. Tha t is, the 

identified prior knowledge was dependent upon the comprehension 

questions, rather than upon the information in the text. 

Many educators (Barron, 1969; Earle and Barron, 1973; Herber, 

1978; Estes and Vaughan, 1980; Anders and Bos, 1984; Reigeluth and 

Darwazeh, 1982) have espoused that the first step in lesson preparation 

is the determination of the concepts to be taught. Barron (1969) states 

that he "believes that the major part of the burden (of determining 

course content) must rest with the classroom teacher. Based upon his 

knowledge of his specialty, the teacher must first determine the major 

understandings or 

understand" (p.31). 

content principles he wishes the students to 

Reigeluth and Darwazeh (1982) have a step in their 

instructional planning sequence which has teachers identify the learning 

prerequisites for the concepts they have decided to teach. They suggest 

that these prerequisites be. assessed and taught if necessary before the 

new concepts are introduced. 

A group of studies which investigates the role of prior knowl

edge when prior knowledge is defined as a prerequisite to understanding 

new concepts has been conducted in the field of science. These 
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investiga tions in science learning have focused on the interference 

caused by existing schemata to new learning. This situation exists when 

students have knowledge of a concept, but what they know is incorrect. 

To learn the correct facts, they must change their existing schemata, a 

process known as accomodation. To change their schemata first requires 

that they recognize a problem with their existing beliefs and see that a 

different belief system (schemata) will fi t the new information 

(Anderson, 1977; Piaget, 1952). Work by Pines (1978), Anderson and 

Smith (1983), and Eaton, Anderson, and Smith (1983) have supported this 

contention: children were not able to learn information which differed 

from their existing understandings unless the new facts were contrasted 

with their misconceptions. These studies and one by Simpson and Arnold 

(1982) dealt with the topic of photosynthesis and have provided a rich 

data base describing children's misconceptions about this topic. 

In summary, investigations into the role of prior knowledge in 

comprehension have been moving from contrived, artificial tasks to ones 

more closely related to actual classroom learning situations. Though 

many studies in prior knowledge use this term as a synonym for 

familiarity, others are using it to indicate schemata that are necessary 

prerequisi tes to the understanding of new, related concepts. In the 

field of science, a hierarchy of concepts has been ten ta ti vely 

identified in some topics (Hewson, 1982; Simpson and Arnold, 1982; 

Anderson and Smith, 1983). Research into the role of prior knowledge 

needs to ,continue in this trend of increased relevance to learning from 

text. 
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Though some recent research is attempting to test for prerequi

site prior knowledge and interpret its effects on reading comprehension, 

a more diligent effort needs to be made to first identify what concepts 

are presented in the text that are important to students' learning, and 

what prerequisite knowledge is specific to those identified concepts. 

An important practical question stemming from these studies is, 

"What does a teacher do when students lack the prerequisite knowledge 

for the concepts they are expected to learn?" Taylor (1979) suggested 

that poor readers should be able to do an "adequate job of reading for 

meaning in the classroom if given easy material to read which is on a 

familiar topic" (pp.378-379). However, another alternative may be pos

sible which would allow both poor readers and good readers with low 

prior knowledge to learn new material, namely, teaching them that prior 

knowledge. Further research needs to study the role of teachers in 

assessing students' relevant prior knowledge and their ability to fill 

in the gaps when that prior knowledge is insufficient. The research 

must also account for students' misconceptions, which prior investiga

tions have demonstrated must be confronted during instructi9n. 

It was the purpose of this study to investigate the effect of a 

priming activity designed to teach prerequisite concepts on the reading 

comprehension of eighth grade students. Since studies such as Anderson 

and Smith's (1983) have demonstrated the powerful effects of misconcep

tions in new learning, this study addressed misconceptions in the 

priming activity. An attempt was made to identify the important con-

cepts in the text and the necessary prerequisi te knowledge, utilizing 
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previous research and the opinions of experts in the field. The topic 

of photosynthesis was used in this study since there exists a large data 

base for student misconceptions on this topic. 

Assumptions Underlying the Study 

1. It is possible to identify the prerequisite concepts that 

must be acquired before the process of photosynthesis can be 

understood. 

2. The comprehension test used in this study was a valid 

instrument with which to assess the reading comprehension of 

the target passage. 

3. All subjects were able to adequately decode the passage and 

the test questions. 

4. The pretest used did 

activation to occur 

treatments. 

not cause any learning or schema 

which affected the experimental 

Definitions of Terms 

To clarify the use of terms to be used in this study, the 

following list is provided: 

1. Comprehension -- Understanding the meaning of discourse 

through the process of relating incoming information with 

existing knowledge. 

2. Schema (plural, schemata) -- A theoretical unit in memory 

which contains knowledge in an organized structure. 
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3. Assimilation -- The process of adding new information to an 

existing schema. 

4. Accomodation -- The process of changing an existing schema 

to fit new conflicting information. 

5. Variable -- Placeholder or slot in a schema which can be 

filled with different concepts as determined by the input. 

6. Value -- The different possibilities which can fill a 

variable slot. 

7. Instantiation -- The process of filling a variable slot 

with a particular value. 

8. Prior knowledge -- Schemata that exist in a person's memory 

before assuming a new task. 

9. Misconception -- Prior knowledge that is incorrect. 

10. Prereguisite knowledge Prior knowledge that is necessary 

to have before a specific new concept can be learned. 

11. Concept -- Organized information at varying levels of com

plexity which can be potentially named. 

Limitations of the Study 

This study has the following limitations: 

1. Subjects in this study included only eighth grade students. 

2. The availability of subjects was restricted to one school 

within one school district in Tucson, Arizona. 

3. Only one sample of an expository text was used. 
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4. The priming activity was conducted on a video tape, and 

followed one script. 

5. Only one type of comprehension measure was used. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Much of the recent reading research assumes that reading is an 

interactive process between the reader and the text. Thus, to gain a 

better understanding of reading comprehension, investigators often 

account for both the features of the text and the characteristics of the 

reader. 

Prior knowledge is a reader characteristic which has received 

much recent attention. Prior knowledge is also an appropriate focus of 

study, since definitions of comprehension emphasize that for learning to 

occur, new information must be integrated with what the learner already 

knows (Rumelhart, 1980; Pearson and Johnson, 1982; Gibson and Levin, 

1975) . 

Some of the relevant aspects of prior knowledge and reading 

comprehension are the reader's knowledge of text structure and organiza

tion, the reader's knowledge of the processes they use to comprehend, 

and the reader's point of view. A fourth category of prior knowledge, 

and the one which is most important to this study, is the reader's 

knowledge of content. 

Thus, the purpose of this chapter is to review research which 

investigates readers' prior knowledge of content and its effects on 

reading comprehension. This review will discuss prior knowledge studies 

which have investigated the effects of: 

13 

(1) familiar and unfamiliar 
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texts, (2) prerequisite knowledge, (3) existing schemata on schemata· 

change, and (4) misconceptions on reading comprehension. 

Studies Investigating Familiar versus Unfamiliar Text 

One approach that has been used in prior knowledge research is 

the comparison of subjects' comprehension of familiar material with 

their or another group's comprehension of unfamiliar material. 

Spilich, Vesonder, Chiesi, and Voss (1979) conducted such a 

study, using adult subjects with either high or low prior knowledge of 

baseball. Their knowledge of baseball had been assessed with a 

completion test about the terminology and principles of the game. All 

subjects listened to a half inning account of a fictitious baseball 

game. They then wrote down everything they could remember, and answered 

a 39-item completion test. Those subjects with a high prior knowledge 

of baseball recalled significantly more correct propositions than those 

with low prior knowledge. Those who were more familiar with baseball 

also gave more information about the events, elaborated details to a 

greater extent, and were more likely to recall the events in the correct 

order. The high knowledge group also answered more questions correctly 

than the low prior knowledge group. In this study prior knowledge 

affected both the quality and quantity of comprehension. Spilich, et 

aI, clearly demonstrated the effects of familiarity of a topic on 

comprehension. 

Pearson, Hansen, and Gordon (1979) also compared subjects with 

high or low prior knowledge. Their subjects were second graders. The 
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material used in this study was a story about spiders adapted from a 

basal reader. Twelve prior knowledge questions were designed to assess 

how much the children knew about spiders. The questions, however, were 

not necessarily specifically about spiders, but could be about concep

tually related information. The example of a prior knowledge question 

they provided was a question asking why people put oil in a frying pan 

before frying an egg, a question supposedly related to the text 

information which explains how spiders lubricate themselves so they 

won't stick to their webs. Subjects read the story and were asked six 

textually explicit questions and six scripta11y implicit questions. The 

results indicated that the group with high prior knowledge answered 

significantly more questions correctly than the low prior knowledge 

group. Though there was no interaction between prior knowledge and 

question type, Pearson et a1. performed post hoc Scheffe tests for 

simple effects of prior knowledge within each question category. This 

showed that prior knowledge had a greater effect on answering implicit 

questions than explicit questions at p < .025. 

One problem in the Pearson et a1. (1979) results was their use 

of a post hoc test which compares performance on scripta11y implicit and 

textually explicit questions when no interaction was found. Another 

problem in interpreting these results was their use of analogy to 

determine subjects' prior knowledge. An unsubstantiated assumption was 

made that tangentially related information reflects background knowledge 

of a topic. A third possible confound in their study was the way in 

which they constructed the scriptally implicit questions. From the one 
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example they provide, it could be concluded that the scriptal knowledge 

required to answer the question does not reflect knowledge about 

spiders, but general knowledge about animals. Assuming that the other 

scriptally implicit questions were similarly constructed, and also 

considering the nature of the prior knowledge assessment, this study may 

have actually been comparing a group of students with high general back

ground and good reasoning abilities, with a group of students with low 

general background and poor reasoning abilities. 

Pearson et a1. (1979) were concerned that the difference in 

difficulty between the explicit and implicit questions may have been an 

artifact of their set of questions. To investigate this possibility 

they designed a second experiment. In this part of the study, they used 

two forms of the original passage: the original story with its textu

ally explicit and scriptally implicit questions, and a second version of 

the story rewritten so that the questions which had been textually 

explici t with the original version were scriptally implicit with the 

second version and vice versa. They again provided one example of their 

questions. However, an argument could be made that the question which 

became scriptally implicit with the story revision could actually be 

answered by using information from the text itself, and should be 

labelled textually implicit. In this experiment, Pearson et ale found 

that questions labelled scriptally implicit were more difficult than 

textually explicit ones. There was another problem with this study, the 

information in the passage is not scientifically accurate. However, it 

probably matches young children's perception of animals. 
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Other studies which have compared high and low prior knowledge 

subjects have also included reading ability as a possible factor to 

account for comprehension differences. 

Unlike Spilich et a1. (1979) and Pearson, Hansen and Gordon 

(1979), who had two distinct groups of subjects based on prior knowledge 

of one topic, McKenzie, Neilsen, and Braun (1981) used two types of 

exposi tory passages, one which was familiar to all subjects and one 

which was unfamiliar, as determined by a pilot study with similar 

subjects. Their sample consisted of seventh graders who were identified 

as either good or poor readers by a standardized comp~ehension test. To 

provide material of appropriate difficulty for each group of readers and 

to prevent a ceiling effect for the good readers, each passage was 

wri tten at two readability levels, seve'lth and fourth grade levels. 

Comprehension was assessed using written answers to wh- probes about 

causal relationships. Since the passages were written either with or 

without the word "because" used to signal causal relationships, the same 

questions were either explicit or implicit depending on the form of the 

passage. Consistent with intuition and other research, results indi-

cated a main effect for content familiarity, with subjects answering 

more questions correctly about the familiar topics. Post hoc tests 

revealed that the good readers performed significantly better than poor 

readers on implicit familiar material, and that poor readers did better 

on explicit familiar passages than on explicit unfamiliar. 

This study seems to point out differences between good and poor 

readers I ability to answer implicit questions. However, though the 
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purposes of the authors in using text at two different reading levels 

was to ensure that subjects had material that matched their reading 

abili ties, constructing text to match a readability formula does not 

always represent the stated level of readability (Davison and Kantor, 

1982). Therefore, it is possible that rewriting the text did not 

provide two texts that were actually at the identified reading levels. 

Taylor (1979) also compared good and poor readers' comprehension 

of familiar and unfamiliar expository text. As in the McKenzie, Neilsen 

and Braun (1981) study, she used other students to determine the 

familiarity of the passages. Her subjects were third and fifth grade 

good readers and fifth grade poor readers. Taylor used two passages she 

had written at the third grade level. Following silent reading, sub

jects orally retold the story. The number of idea units recalled was 

the dependent variable. As expected, all groups recalled more of the 

familiar text than unfamiliar text. Both good and poor fifth graders 

performed equally well on famimliar passages, and recalled more than 

third graders. Good fifth grade readers performed equally well on 

familiar and unfamiliar passages, while the poor fifth grade readers 

recalled significantly less of the unfamiliar text. The third graders 

(good readers) showed no difference between types of passages, but 

recalled less overall than the fifth grade good readers. 

Taylor concluded that poor readers suffer more with unfamiliar 

text than do good readers. However, since the material was written at a 

third grade level, the good readers' scores may have reflected a ceiling 

effect. It is also possible that the conclusions drawn from the recall 
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information of the third graders and poor fifth grade readers could be 

an artifact of the recall task itself, rather than a reflection of 

processing occurring (Yekovich and Thorndyke, 1980). 

Stevens (1980a ) also compared the effects of reading ability and 

prior knowledge on comprehension. She found a main effect for prior 

knowledge and reading ability; a finding similar to those in other 

studies. However, there was no interaction between "Che two factors. 

This study utilized paragraphs from the McCall-Crabbs Standard Test 

Lessons in Reading. Stevens chose to use the associated grade level 

scores that correspond to the number of correct questions as the 

dependent variable. This measure could have affected her results since 

the grade level scores for this test are not reliable (Stevens, 1980
b

). 

Berkowitz and Taylor (1981) studied text type as well as topic 

familiari ty in their study. They compared good and poor sixth grade 

readers reading familiar and unfamiliar narrative and expository text. 

Familiarity of topic was assessed with a group of fifth grade students. 

Subjects read one passage each week for three weeks, and wrote all they 

could remember on the following day. No differences or interactions 

were found with reading ability. Subjects recalled a greater number of 

idea units for narrative text than expository, and more for familiar 

than unfamiliar text. Prior knowledge did not affect the number of 

inferences recalled, or the amount of textually related information. 

Studies comparing comprehension of familiar with unfamiliar text 

are not completely comparable across all variables, and thus lack 

congruent validity. Therefore, conclusions about these studies need to 
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be made within the context of each study, and must account for how prior 

knowledge and comprehension were assessed, type of text used, age and 

experience of subjects, and the determination of reading ability. 

Given these limitations, some general conclusions can be made 

about this type of prior knowledge study. Sujects have better compre-

hension with familiar than unfamiliar material regardless of how com

prehension is assessed, or age, or reading ability of subjects. Most 

studies show that good readers perform better than poor readers, 

especially on textually implicit questions, but this was not substanti

ated unanimously. No comparisons were made between good and poor 

readers to determine if these differences were due to the type of com

prehension assessment. 

Studies Investigating the Effects of Prerequisite Knowledge 

An alternative to "familiarity" as a definition of prior knowl

edge is "prerequisite knowledge," or, what readers need to know before 

they read a text. Johnston and Pearson (1982) took such a point of 

view. In their study, 130 eighth graders read a passage taken from a 

sixth grade social studies text. Their multiple choice test consisted 

of passage independent, textually explicit, textually implicit, and 

scriptally implicit items. The passage independent items measured back

ground knowledge that was necessary to correctly answer the scriptally 

implicit questions. Their results indicated that the background knowl

edge of their subjects accounted for most of the variability in passage 

dependent test scores after the effects of reading ability were removed. 
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As predicted, it also accounted for a significant amount of the variance 

in scriptally implicit items. However, it should be noted that the text 

independent and scriptally implicit items were written as an inter-

dependent unit. In other words, scriptally implicit items were written 

to require knowledge that was tested for in the text independent 

questions. Thus, the background knowledge required to correctly answer 

the scriptal questions in this study may not necessarily be background 

considered important to know beyond the context of their test. 

Other studies which have used prior knowledge in the same way as 

Johnston and Pearson, and Simpson and Arnold have been instructional 

studies which attempted to teach prerequisite or background knowledge. 

Basal reading lessons, often modeled after Betts I (1954) 

Directed Reading Activity, usually contain a pre-reading component 

designed to provide and/or activate background knowledge and to create 

interest in the readers. A criticism of this activity has been its lack 

of structure in building relevant background and in directing students 

to the important story content (Hare and Devine, 1983). To address this 

problem, Beck, Omanson, and McKeown (1982) conducted a study with third 

graders to compare reading lessons in a basal with revised lessons that 

focused on central story events. To develop their revised lessons, they 

first identified the central content of two basal stories from second 

and third grade materials. Next, they wrote revised lesson plans with 

objectives designed to provide relevant prior knowledge and to highlight 

the central content of the stories. The prior knowledge information was 

of course directly related to the central content and was presented as 
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the first part of the lesson. Just before subjects read the story 

silently, they were given purposes to read which reflected the central 

content and related this content to the prior knowledge concepts that 

had been introduced. The illustrations were also altered to reflect the 

central story content. The investigators' purposes were to compare the 

effects on comprehension of their revised lessons with the original 

lesons, and to determine how skilled and less skilled readers were 

affected by the revisions. Comprehension was assessed by recall and 

multiple choice questions. Beck et al. found that the group receiving 

revised lessons did significantly better on both information recalled 

and number of questions correctly answered. Both the skilled and less 

skilled readers performed significantly better with the revised lessons. 

Though the Beck et a1. (1982) study addressed important ques

tions, it actually contained three main treatment conditions: a prior 

knowledge component, a pre-reading (focus/purpose-setting) component, 

and an illustration component. The study was not designed to assess tpe 

effects of any of these separately, or in other possible combinations. 

Thus it is difficult to ascertain which part or combination thereof had 

the greatest effect. Another problem exists with their choice of 

measures to stratify subjects by reading ability. Though many standard

ized reading tests have inherent problems (Johnston, 1983), the use of 

the WRAT, which has no comprehension component, is of questionable 

validity when used in a study concerned with reading comprehension. 

Stevens (1982) also investigated the effects of teaching back

ground knowledge. She presented a guest lecture to three high school 
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sophomore history classes about the Texan War. To three other classes, 

she lectured on the Civil War. The next day all classes read a passage 

about the battle for the Alamo and answered ten multiple choice 

questions. Using an analysis of covariance with reading ability as a 

covariate, results indicated that her lecture on the Texan War produced 

significant results. 

Though Stevens states that her lecture did not include any 

information from the test, she does not describe what it did include, 

such as information from the test passage. Also, her results are 

questionable from a statistical point of view: her subjects were not 

randomly assigned to treatment groups, yet the data were analyzed as if 

they were. A proper analysis would have been by class, since classes 

were assigned to treatment groups. If there were group effects, 

Stevens' results are meaningless. Since she did not analyze her data to 

determine this, one does not know how to interpret her results. 

Rogers-Zegarra (1983) tested the effects of teaching background 

knowledge on comprehension of five multi-ethinic stories to eighth 

graders with high reading ability. Teachers had been previously given 

relevant background information. Subjects were asked what they knew 

about the topic. Responses were recorded. The teacher then taught the 

missing information. The subjects' knowledge and new information were 

used to develop a graphic organizer. Subjects read the short story and 

answered a multiple choice test containing literal, implicit, and 

scriptal questions. A control group received non-relevant instruction. 

For all stories, the experimental group performed significantly better 
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on the comprehension measure, and answered more scriptal questions than 

the control group. Scriptal questions were dependent on background 

information taught in the pre-reading lesson, yet Rogers-Zegarra did not 

provide any explanation of how this background was determined. 

Of the studies concerned with prereq~isite knowledge, Johnston 

and Pearson (1982), Stevens (1982), and Rogers-Zegarra (1983) did not 

gi ve a rationale for their choice of the informa tion that they 

determined to be prerequisite. Beck, Omans on , and McKeown (1982) at 

least indicated that the background they provided was related to the 

central story events, though details which would explain how they went 

from these story events to essential background were not explained. 

Though all three of these studies showed a significance for background 

knowledge either taught or already known by subjects, generalizations 

beyond each study are very limited. 

Studies Investigating the Effects of 
Existing Schemata on Schemata Change 

Another group of prior knowledge studies has investigated the 

effect of subjects' existing prior knowledge on schema change, or 

aCcomodation, when subjects' existing prior knowledge is in various 

states of accuracy. 

Lipson (1982) demonstrated that the acquisition of new informa-

tion is greatly affected by the state of one's schemata before reading. 

Twenty-eight third graders of average and poor reading abilities were 

presented with six pairs of sentences for each of eight topics. Within 

each pair was a correct statement and an incorrect statemer.t. Subjects 
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identified which was true, or did not answer if they were unsure. One 

week later, an expository passage about each of the eight topics was 

read aloud by each subject. Each story was followed by the six relevant 

pairs of statements used as the pretest. Based on the passages, these 

were explicit and implicit statements. As in other studies, explicit 

statements were recognized correctly more frequently than implicit 

statements. No differences were found between average and low readers. 

Lipson's most important finding was the effect of subjects' prior 

knowledge on comprehension. Posttest answers were most likely to be 

correct when corresponding pretest answers were correct. However, when 

subjects did not know an answer before reading, they were more likely to 

choose the correct statement on the pO:3ttest than if they had been wrong 

on the pretest. In other words, subjects relied more on their existing 

knowledge than on the information in the passage. 

Though this finding supports other research investigating mis

conceptions it is possible that the subjects were attending more to 

their oral reading production than to the content of the material. It 

is also possible that the prior knowledge category of "unknown" may have 

been confounded with subjects' reluctance to take a risk in choosing an 

answer. 

Holmes (1981, 1983) also investigated the effects of the quality 

of prior knowledge on comprehension. She used categories similar to 

Lipson's: accurate, inaccurate, incomplete, and missing. Subjects were 

good and poor fifth grade readers. Familiar and unfamiliar expository 

passages were used, familiarity determined by a pretest. Two passages 
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about two topics were adapted so that each topic had both a third-fourth 

and sixth-seventh grade level counterpart. Easier materials were given 

to poor readers, harder materials were used with good readers. After 

silently reading one passage, comprehension questions were presented 

orally with answers recorded by the experimenter. There were four 

question types: one-idea text explicit, one-idea paraphrase, two-idea 

text explicit, and text implicit. In most cases, good readers performed 

better than poor readers regardless of what they knew before reading. 

Performance .on question types by the two ability groups was not 

consistent across state of prior knowledge. Comprehension as a function 

of prior knowledge was not quite the same as Lipson found. Holmes found 

that both good and poor readers performed best when their prior 

knowledge was accurate. Their next highest scores occured when their 

prior knowledge was incomplete. The good readers performed less well 

when their prior knowledge was either inaccurate or missing. However, 

the poor readers performed better when their prior knowledge was 

inaccurate than when it was missing, a finding counter to Lipson and 

counter-intuitive. 

The differences between the good and poor readers may have been 

accurate, may have possibly reflected the nature of the posttest, or may 

have been due to differences in memory between the two groups. The 

forced choice condition of Lipson and the open-ended question condition 

used by Holmes could account for the differences. 

The results of the studies which investigate the effects of the 

type of prior knowledge on subsequent comprehension are mixed. As in 



27 

other groups of studies, differences in how prior knowledge and 

comprehension were assessed, and how the passages were read make these 

studies difficult to compare. 

Studies Investigating the Effects 
of Misconceptions on Comprehension 

Increased attention has been given to the effects of erroneous 

prior knowledge, known as misconceptions, on subsequent comprehension. 

Piaget (1952) contended that for individuals to relinquish false ideas 

and replace them with contradictory explanations, they must first 

recognize that their original explanation is no longer adequate. He 

labelled this process of changing schemata to fit new information 

accomodation. 

To foster accomodation in an educational setting, known mis-

conceptions about a topic may be contrasted with factual information 

either by a teacher or by a text. Maria and MacGinite (1982) tested the 

effects of such a text. Comparing the effects of texts that presented 

the contrasts with texts that did not, they showed that both good and 

poor fifth and sixth grade readers performed better on the texts con-

taining the contrasts, as determined by the amount of correct informa-

tion in their recalls. However, stories were read aloud, and this 

procedure could have adversely affected the low. readers more than the 

good readers. 

In a fo llow-up study, Na ria and MacGini te (1983) looked a t the 

effects of a pre-question which made direct reference to the 

misconceptions. These pre-questions did make the reading comprehension 
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task easier, perhaps by activating the misconception. Contrary to their 

1982 study, comprehension of texts with contrasts and texts with only 

the correct information did not differ. They suggest that this differ

ence in findings may have been due to the use of a multiple choice 

measure in the latter study. Another difference between the two studies 

occurred in the type of reading required: subjects in the second study 

read silently. 

Misconceptions about physical science have been found in both 

children and adults. McCloskey, Caramazza, and Green (1980) found that 

college undergraduates had misconceptions about objects in motion even 

if they had taken high school or college physics. A similar study by 

Clement (1982) also indicated that college physics students maintained 

their erroneous ideas about the same topic. Both studies suggest that 

instruction that does not account for students' misconceptions will not 

be effective in altering students' schemata. 

In a case study with one physics graduate student, Hewson (1982) 

observed a conceptual development of Einsteinian relativity theory. The 

subject first attempted to account for special relativity with Newtonian 

physics, then later contrasted his beliefs wi th an Einsteinian 

explanation. By the third and last interview, the subject could explain 

the events posed to him using a relativistic rather than mechanistic 

explanation. 

A study with fifth graders (Eaton, Anderson, and Smith, 1983; 

Anderson and Smith, 1983) demonstrated that good teaching was not enough 

to cause conceptual changes about how people are able to see objects. 
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In a two year study, they were able to identify children's misconcep

tions about vision, and show that conceptual changes are enhanced 

significantly if teachers contrast children's misconceptions with 

scientific fact. 

In a second study concerned with fifth graders' understanding of 

photosynthesis, they found similar, though not as profound, results. A 

possible reason, they explained, could have been their failure to 

identify and address an important and subsuming misconception about 

food. 

Pines (1978) reports the effects of science lessons on changes 

in children's cognitive structure over time. Citing two case studies as 

examples of a much larger data base, interviews revealed how the two 

first graders understood whether or not seeds are alive. One child 

believed that seeds are alive because they are squeezable. The other 

thought that seeds are not alive, though when planted they can grow. 

Lessons were provided which were supposed to demonstrate that seeds must 

be alive, because they are able to grow into a plant. However, each 

child interpreted the lesson differently. The first child believed that 

one cannot know whether or not a seed is alive until it has been planted 

and subsequently grows. The second child maintained that seeds are not 

alive until they are planted. Pines suggests that the lesson did not 

address children's misconceptions by failing to introduce the concept of 

dormancy, and using this notion as a means of promoting accomodation. 

With the exception of the Maria and MacGinite (1983) research, 

studies which have investigated the effects of misconceptions on 
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learning have found that presenting factual information is not adequate 

to effect conceptual change. When subjects were presented with 

misconceptions contrasted with facts, change in existing schemata was 

enhanced. 

Summary of Research Investigating 
the Effects of Prior Knowledge of 

on Comprehension 

There are four main categories of studies which investigate 

prior knowledge of content: those which look at the effect of familiar 

versus unfamiliar text, prerequisite knowledge, existing schemata on 

schemata change, and misconceptions on comprehension. 

From these four groups of studies, some general conclusions can 

be made. Material containing familiar ideas is much easier to under-

stand than material containing unfamiliar ideas. Usually, good readers 

perform better than poor readers on both types of materials. 

When specific knowledge is identified as being prerequisite to 

the understanding of a passage, studies have supported that notion; 

i. e., the possession of the prerequisite knowledge resulted in signi-

ficantly better comprehension than the absence of that knowledge. 

However, most of the investigations which demonstrated this effect 

failed to provide a rationale for their choices of what information was 

considered prerequisite. Thus, generalizations to other materials and 

other comprehension measures are limited. 

Studies which have investigated how schemata change have not 

produced clear results. Some have shown that subjects with an absence 

of knowledge before reading are more likely to learn new information 
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contradictory findings. 
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However, other studies have shown 

When misconceptions have been identified, they have been found 

to have an effect on learning new material. Studies which have 

attempted to replace misconceptions with fact have been successful only 

when a contrast has been made between the truth and the misinformation. 



CHAPTER 3 

DESIGN OF THE STUDY 

The purpose of this chapter is to describe the (1) subjects, (2) 

materials, (3) procedure of the study, (4) summary of treatments and 

data collection, (5) scoring of the data, and (6) analysis of the data. 

SUb.jects 

The subjects who participated in this study were selected from 

the eighth grade class of one junior high school in the Tucson Unified 

School District One. This was the only available junior high school 

that agreed to participate. 

Selection of Subjects: Grade Level Choice 

First, the rationale for choosing these subjects included 

several considerations. The decision to use eighth graders was parti

ally due to the nature of one of the independent variables. The purpose 

of this study was not to espouse any particular teaching method, but 

rather to test the effects of providing a situation in which students 

can learn 'necessary prior knowledge. The treatment which attempted to 

do that was called a "priming activity." It was presented in a lecture 

format, videotaped and presented to the subjects on a TV screen. 

Potential subjects should have had experience with a lecture

type format. Given this constraint, junior high, high school or college 

students would have been suitable subjects. Though there has been some 

32 
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quantification of college students' knowledge and misconceptions in 

physics (McCloskey, Caramazza, and Green, 1980; Hewson, 1982), most of 

the research in prior knowledge has used elementary or junior high 

school students as subjects (Anderson and Smith, 1983; Holmes, 1981; 

Hare, 1982; Lipson, 1982; Taylor, 1979; Maria and MacGinite, 1983). Of 

elementary and junior high students, eighth graders were thought to have 

had a reasonable amount of experience with a lecture format. 

Second, since the nature of the investigation required low prior 

knowledge subjects, another consideration was the potential naivete of 

subjects about a topic common to classroom experience. Though a new 

science curriculum is presently being developed for the elementary 

schools in the Tucson Unified School District, those students who have 

completed grade six will not have benefitted from this. Thus a topic in 

science seemed to be potentially rich for study. A further considera

tion in the choice of topics was the investigator's background in the 

field of science. 

Selection of Subjects: Prior Knowledge 

The junior high school that was used in this study had 176 

eighth graders enrolled in science classes at the time of this study. 

On a specified date, the 140 students present in their science classes 

were administered a multiple choice comprehension test (see Appendix L). 

Instructions were given which explained how to mark the test, and 

emphasized that all questions and answers should be read carefully. 

Subjects were told that they would receive extra credit for cooperating 

and doing the~r best. 
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Since a score of fifty percent is usually considered failing, 

those scoring at or below fifty per cent correct on the test were con

sidered low prior knowledge subjects. Ninety-nine of the remaining 122 

low prior knowledge students were present to complete the study. 

Description of Subjects 

Of the ninety-nine low prior knowledge subjects participating in 

this study, there were fifty-nine girls and forty boys. They had been 

administered the California Achievement Test, Level 17, Form C, in April 

1983. Their mean stanine score on the Reading Comprehension subtest of 

the CAT test was 6.1, with a range of 3 to 9. The mean raw score on the 

Reading Comprehension sub test was 27.4, with a range of 10 to 40. CAT 

scores were unavailable for six of the subjects. The Reading Comprehen

sion subtest was used as the measure of reading ability since this part 

of the CAT was most similar to the test used in this study to assess 

reading comprehension. 

Materials 

Independent Variables 

Target passage. A relevant topic for the target passage was 

selected for the following reasons. A topic in the field of science 

which has received much attention is photosynthesis. Efforts by 

researchers at Michigan State Uni versi ty' sIns ti tu te for Research on 

Teaching (Anderson and Smith, 1983; Eaton, Anderson, and Smith, 1983) 

and others (Simpson and Arnold, 1982) have provided a rich da ta base 

concerning children's misconceptions and acquisition of concepts within 
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this topic. The existence of this data base, the prevalence of units on 

photosynthesis in science classes and textbooks, and the previous 

decision to use a science topic made photosynthesis a relevant and 

practical topic to use in this investigation. 

Another decision that was made was the source of the text on 

photosynthesis. The school district that participated in this study had 

adopted the Silver Burdett (1982) science series for its junior high 

schools. Since the results df this study were to be shared with the 

district, it was decided to use the appropriate book from this series so 

that the results could be generalized to other students using the same 

text. A second reason for using the text was that it would be somewhat 

familiar to the students. 

Thus, the reading selection that was used in this study was 

taken from the students' textbook, Life Science (Richardson, Harris & 

Sparks, 1982). The specific topic of photosynthesis is presented in the 

book on pages 333-335 in the chapter "The Functioning Plant" '(pp.321-

335). However, many of the terms used in this brief section are 

elaborated in prior sections of this chapter. Therefore, the chapter 

was condensed by extracting the text which directly relates to the 

book's presentation of the process of photosynthesis. The original 

wording of the book was maintained with the exception of two paraphrased 

sentences which were altered to affect a natural transition. The 

resultant reading selection consisted of 920 words and was found to have 

a mean Fry readability level of 6th grade based on nine consecutive 100 

word samples. These readability results suggest that the target passage 
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was probably within the reading achievement· range of the subjects given 

their CAT results. 

Given the scattered distribution of the relevant material in the 

textbook, it was necessary to prepare a typed copy of the selection 

rather than use the textbook itself. In addition, a decision had to be 

made about the use of pictures and illustrations in the text. It was 

decided to provide two drawings which were adapted from the originals in 

the textbook: one which depicted a typical plant and labeled the bud, 

flower, leaf, stem and roots, and a second diagram illustrating the 

structure of a stomate, which labeled the underside of a leaf, stomate, 

and guard cell. (See Appendix H) 

Aside from the poor organization of ideas in the text about 

photosynthesis, there were some other problems. The text, and thus the 

target passage, contained some erroneous information and misleading 

assertions. Questions on the comprehension test used in this study 

usually did not ask about the erroneous information, except when an 

importan t idea was developed in the passage which included this 

information. For example, the passage (and original text) explain the 

transference of light energy to the plant using the terms "capture" and 

"trap." However, to have explained this process accurately would have 

required a substantial change to the original text. Instead, these 

terms were left in the target passage, and used in two test questions. 

Since the study needed to be completed wi thin a fifty-minute 

school period, a pilot study was conducted to investigate the appropri

ateness of the length of the passage. One seventh grade science class 
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from the junior high used in the study participated in the pilot. Of 

the twenty-five students who read the text, all but one completed the 

reading within fifteen minutes. Therefore, the length of the text was 

found to be appropriate when considering the data collection time 

constraint. 

Though none of the target passage had been assigned by the 

teachers to the subjects previous to the study, some of the concepts 

presented in that passage were not entirely new to the subjects. These 

concepts had been introduced in previous chapters, but neither of the 

two science teachers at the junior high had developed those ideas. (For 

a list of related concepts presented in the textbook, see Appendix M.) 

Placebo passage. Due to the design of the study, a second 

passage was needed. This was labeled the placebo passage, and was also 

taken from the subjects I life science book. A placebo passage was 

selected that was somewhat equivalent to the target passage in its type 

of content and length. The topic of heredi ty was chosen since, like 

photosynthesis, it is also a process. The selection used is presented 

in Chapter 25, "Changes in Living Things" (pp.469-474). To maintain 

approximately the same passage length as the target passage, one section 

of text was deleted, and two sentences were slightly changed to provide 

a logical transition. The resulting placebo passage was 914 words in 

length, with a Fry readability of 6th grade. As in the target passage, 

two drawings which were adapted from the original text were included: 

one which showed a light-colored moth and a black moth on darkly colored 
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bark, and a second illustration depicting industrial pollution caused by 

a factory. (See Appendix I) 

Target priming activity. When preparing to teach a lesson, it 

has been suggested that the teacher's first step should be to identify 

which concepts to teach (Reigeluth and Darwazeh, 1982; Shavelson and 

Geeslin, 1975; Earle and Barron, 1969). One of the subsequent steps 

should be to determine what prerequisite knowledge is necessary to 

understand those identified concepts (Reigeluth and Darwazeh, 1982). 

When students have relevant background knowledge, a prereading 

activity which activates that knowledge may be appropriate. An advance 

organizer (Ausubel, 1968) is one such activity. However, when students 

lack prior knowledge of the topic, a relevant schema needs to be 

constructed. 

In other studies of prior knowledge (Pearson, Hansen, and 

Gordon, 1979; Johnston and Pearson, 1982; Simpson and Arnold, 1982), the 

investigators have tested for the presence of prior knowledge but have 

failed to describe a rationale for their decisions about what consti

tutes essential prerequisite knowledge. Another apparent gap in prior 

knowledge research is the.lack of a valid way to identify important or 

essential text concepts. 

In the interest of content validity, this study utilized the 

assistance of people with some expertise in the fields of botany and 

biology in determining the important passage concepts and the pre

requisite knowledge necessary to understand those concepts. Three 

groups of experts were used: students in a biology methods course ,-,ho 
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would student teach in the next semester, botanists, and experienced 

teachers. These groups were selected since it was thought that they 

would have more knowledge of the content and learning than other groups. 

A questionnaire was prepared which guided these experts through these 

tasks (see Appendix A). The results of this questionnaire were tallied 

(Appendices C and D) and overlaid on a graphic organizer prepared by the 

investigator which represented the information and ·connections between 

the concepts that were presented in the passage (see Appendix B). From 

these results, one superordinate and two subordinate concepts were 

targeted for this study. Appendix E lists these concepts. 

The three groups of experts identified 20 different concepts 

contained in the text. Given the nature of the experimental design used 

in this study and the availability of only one junior high school, it 

was necessary to complete the treatments wi thin a short time period. 

Therefore, it was decided to use fewer concepts in the priming activity 

than the twenty identified by the experts. The relative importance of 

the concept was chosen as the criterion for selection. 

One reason, perhaps the main reason, that photosynthesis is such 

an important topic in life science is that it explains the origin of 

energy in food chains and food webs, without which there would be no 

life on earth as we know it. Considering all the concepts that were 

presented in the passage, the investigator identified the overriding 

ones as (1) energy is required by both plants and animals to perform 

life processes, (2) the sun is the primary source of energy for all 

living organisms, and (3) only green plants can capture the sun's energy 
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and convert it into food energy. The other concepts provided the detail 

and explanations of the processes implied by these three. Thus, those 

three concepts were selected as the concepts used to develop the target 

priming activity. 

This questionnaire had also asked the experts to identify pre

requisi te knowledge that students should know to understand each of 

these concepts. Some problems occurred in eliciting prerequisite 

knowledge from the experts. Rather than citing knowledge that was 

prerequisite to the concepts they identified, some participants listed 

concepts that could be developed after these concepts were learned. 

Another problem was an inconsistency in the type of response given by 

the experts. For example, some listed questions such as "What is 

energy?", while others listed statements such as "Energy is stored in 

food." Rather than leave these responses in their various forms, it was 

decided to re-write the statements that were prerequisite to the three 

target concepts. Appendix E lists these prerequisite concepts. The 

target priming activity was developed to include most of the listed 

prerequisite concepts. If the information was included in the passage, 

it was omitted from the priming activity unless its inclusion was 

necessary in the development of a particular idea. 

As a note of interest, most of the usable prerequisite knowledge 

data came from the botanists. 

As these prerequisite ideas were developed into the priming 

activi ty, a misconception about food was also addressed. A study by 

Eaton, Anderson, and Smith (1983) found that students did not have a 
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functional notion of what food is to the living organism, but believed 

that food is anything taken in by an organism. They also found that 

misconceptions were seldom replaced by scientific fact unless the two 

were contrasted. Since the priming activity included information about 

food, food was defined as a substance which provided energy to living 

organisms, and was contrasted with the misconception identified by 

Eaton et ale that food is anything taken in by organisms. 

Though arguments exist which support the effectiveness of vari

ous teaching methods, the presence of an "instructor" presenting the 

priming activity might lead to question-asking and discussion by 

students. While these interchanges can certainly enhance learning, they 

could also confound the experimental results by causing group effects. 

Since different groups of students would receive the same treatment at 

different times, consistency in the treatment needed to be maintained. 

Under these condi tions, it would be unlikely tha t student genera ted 

questions and discussions would have been identical within experimental 

groups. A videotaped priming activity seemed a viable solution to this 

potential problem. 

The resultant target priming activity (Appendix G) consisted of 

a videotaped presentation by an experienced teacher. It was written as 

a "typical" classroom presentation, relating new ideas to ones wi th 

which students would probably be familiar. The taping was done in a 

simulated classroom setting, with the "instructor" standing in front of 

a chalkboard. Its duration was 9 minutes, 19 seconds. There were no 

notes or props used. To focus subjects' attention on the major topics 
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of the priming acti vi ty, the following was written on the board and 

pointed to at appropriate times: 

Energy 

electricity 

heat 

light 

Living things need 

energy to do work 

breathe 

fight germs 

~ provides 

energy to 

living things 

Respiration 

Placebo priming activity. Due to the design of the study, a 

control priming activity was needed that was similar to the target 

priming activity. Thus a second priming activity was written to present 

information thought to be prerequisite to the understanding of heredity 

(Appendix I). These prerequisite concepts were determined solely by the 

investigator. With the exception of content, the placebo priming 

activity shared the same characteristics as the target priming activity: 

both were presented by the same "instructor," videotaped in the same 

setting, written in the same style, and were of approximately the same 

length (the placebo priming activity was 6 minutes, 38 seconds). The 

following was written on the board and referred to at appropriate times 

during the presentation: 
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Genes 

Cell Chromosome 

Assessment 

The comprehension assessment instrument that was constructed for 

use in this study was designed to identify subjects with 'low prior 

knowledge, identify misconceptions, and evaluate subjects' comprehension 

of the content of the target passage. 

Assessing prior knowledge. Other studies have used various 

methods to determine subjects' prior knowledge. Open-ended and 

forced-choice questions about passage content were used by Smith and 

Anderson (1983) and Holmes (1981, 1983) • Pearson, Hansen, and Gordon 

(1979) also used open-ended questions, but in the one example they 

provided, they ask a question about an analogous situation and assume 

that this reflects prior knowledge about the content of the text. 

Stevens (1980a ) used multiple choice questions to assess prior 

knowledge about possible topics for her study. Johnston and Pearson 

(1982) also used a multiple choice format, but included background 
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knowledge questions in their post-reading comprehension measure. They 

then used subjects' performance on this question type as a predictor of 

performance on the other types of questions they wrote. 

Several other response types have also been used. Lipson (1983) 

used paired sentences which required students to choose the one they 

thought was correct, or to state that they did not know the answer. 

Maria and MacGinite (1982) provided pre-assessment questions with yes or 

no answers to ascertain prior knowledge. And clinical interviews were 

used by Pines (1978) prior to his treatment. 

Some studies have used subjects in pilots who had similar 

characteristics to those used in the final investigatioi to ascertain 

familiarity of topics (McKenzie, Neilsen, and Braun, 1981; Berkowitz and 

Taylor, 1981; Taylor, 1979), and inferred that their sample would have 

similar knowledge. 

The above list provides many choices for prior knowledge assess-

ments. Holmes and Roser (1980) compared five of the techniques cur-

rently being used in assessing readers' prior knowledge. Their subjects 

were skilled and less skilled readers of average intelligence in grades 

3, 4, 5 and 6. Using a high interest topic, they evaluated and compared 

free recall, structured probe questions, word association task, 

recognition task, and unstructured discusssion assessments. They found 

that the greatest number of facts and the greatest number of correct re

sponses were elicited from the structured probe questions, with the 

recognition task (a multiple choice format) yielding the next greatest 

number of facts. Also, the recognition task provided the greatest 
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number of misinformation data. No differences were found between 

ability levels. 

Yekovich and Thorndyke (1980) compared two types of comprehen

sion assessments, recognition and recall tasks. They found virtually no 

correlation between the percentage of propositions recalled and the 

recogni tion of true proposi tions from narra ti ve text. Spilich, 

Vesonder, Chiesi, and Voss (1979) found that subjects knew more about a 

text than they had recalled, as revealed by subsequent completion 

questions. Though recall measures may be the relevant dependent vari-

able in some studies, there is a possibility that what a subject recalls 

is not a complete representation of what he knows. 

Considering this research, either multiple choice questions or 

structured probe questions should yield sui table prior knowledge and 

misconception data. Since the investigator had access to nearly two 

hundred potential subjects, it was decided to use a multiple choice 

pre-assessment. 

Assessing comprehension. Another decision was required 

regarding the type of pos t-assessmen t to use. In studies that have 

compared pre- and post-assessments, some have used the same instrument 

(Smith and 

different 

Anderson, 1983; Lipson, 

ones (Holmes, 1981; Maria 

1982) , 

and 

while others 

MacGinite, 1982; 

have used 

Pearson, 

Hansen, and Gordon, 1979). Whenever two different tests are purported 

to measure the same construct, a question of form equivalency exists. 

Thorndike (1952) describes several criteria that must be met if two 

forms of a test are to be truly equivalent. None of the studies which 
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used different pre and post measures indicated any attempts to meet such 

criteria. 

Since the development of equivalent forms of a test is an exten-

sive process and beyond the scope of this study, it was decided to use 

the same test as both the pre- and post-assessments. Thorndike (1952) 

has written that two problems may arise when a test of comprehension is 

repeated: memory of the previous test item and the response chosen, and 

a lack of motivation in repeating the same test. Memory becomes an 

important factor when "(a) the test is short, (b) the test items are 

distinctive and memorable, and (c) the interval between testings is 

short" (p.578). To reduce the effect of low motivation when retaking a 

test, Thorndike suggests emphasizing the equal significance of both 

tests. 

Questions. The types of questions that were used to evaluate 

reading comprehension had important ramifications on the final data 

analysis. Though there is no agreed upon method of assessing comprehen

sion, various question taxonomies exist (Barrett, 1976; Guszak, 1972; 

Pearson and Johnson, 1978) which attest to the complexity of evaluating 

reading comprehension. 

Pearson and Johnson's (1978) question classification system ac

counts for both the question asked and the answer given, recognizing 

that a particular question could be answered on more than one level. 

They describe three levels of question-answer relationships, each level 

distinguished by the source of the information required and/or used in 

answering the question. Textually explicit items are those in 'l'Thich 
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"both question and answer are derivable from the text and... the rela

tion between question and answer (is) explicitly cued by the language of 

the text" (p.163). Textually implicit items are those in which "both 

the question and answer are derivable from the text but there is no 

logical or grammatical cue tying the question to the answer and the 

answer given is plausible in light of the question" (p.163). An im-

plici t relationship is one which includes required inferencing when 

anaphoric references are present (Pearson and Johnson, 1978), and when 

"the question information and response information (are) stated in 

different parts of the text, requiring the reader to combine separate 

pieces of informa tion in order to produce or recognize an answer" 

(Johnston and Pearson, 1982, p. 7). Scriptically implicit items occur 

"when a reader gives (or recognizes) an answer that had to come from 

prior knowledge ••• to a question that is at least related to the text" 

(Pearson and Johnson, 1978, p.162). The multiple choice-format used in 

this study allowed control of the question-answer relationships, making 

it possible to classify comprehension questions a priori. 

Operationalizing Pearson and Johnson's definitions of question-

answer relationships into test items presented some problems, however. 

Their system does 

responses. Though 

not 

in 

account for either paraphrased 

Pearson's study with Johnston 

questions or 

(Johnston and 

Pearson, 1982) most of the test questions used language paraphrased from 

their target text, it would seem that an additional process must occur 

when readers integrate the information in the text with their own cogni

tive structure. Pearson, in fact, makes this point himself in a later 
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paper (1983), though he refers only to paraphrased responses. He sug

gests that some other category is needed for these types of responses. 

For the purposes of this study, it was decided to use Pearson and 

Johnson's system verbatim; that is, questions and answers were written 

using the exact language of the passage whenever possible. 

To maintain consistency between questions and to identify the 

state of schema for each idea tested, four types of alternatives to each 

question were written when possible: 

a) the correct answer; 

b) an answer reflecting a common misconception if one is known, 

or a relevant but incorrect statement from the passage; 

c) an irrelevant answer from the passage; 

d) an inqorrect answer that is not from the passage, but is 

related to the topic. 

The data for misconceptions came from various sources. Detailed 

studies of fifth graders' misconceptions about photosynthesis have been 

done by Anderson and Smith (1983) and Smith and Anderson (1983). 

Simpson and Arnold (1982) have investigated the understanding of photo

synthesis in students in the primary grades through high school. 

Another source of misconceptions came from a pilot study conducted by 

this investigator. One seventh grade science class from the junior high 

school that was used in the major study participated in this pilot. The 

pilot subjects were instructed to read the passage silently. ~~en they 

finished, subjects were asked to write all they knew about four topics 

found in the selection. A total of twelve questions were asked of the 
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class. (See Appendix F for a list of questions and the answers 

provided.) In the comprehension test, seven questions had at least one 

distractor which was a misconception. These misconceptions are labeled 

"M" in Appendix L, though subjects' copies did not have this notation. 

Some test items were written as questions, while others were 

pseudoquestions (statements requiring an answer, as in completion 

items). Since both formats exist in practice and since some items make 

more sense when written in one of these ways, using both forms seemed 

valid. The multiple choice test contained 32 items, with the following 

number of items in each category: 6 textually explicit, 18 textually 

implici t, and 6 scriptally implici t. Two remaining questions were 

textually independent, requiring only the background knowledge of the 

subjects. Doctoral students participating in a Doctoral Seminar for 

Reading Majors and Minors substantiated the question types with at least 

a seventy percent interrater reliability for each question. Appendix L 

contains the comprehension test. Question types are labeled, though 

such identification was not present on the subjects' copies. 

To statistically analyze the reliability of the pre and post

tests as being equivalent forms, a split-half reliability coefficient 

was calculated which compared these two tests using the data from the 

control group. To compute the reliability of the test itself, a 

Spearman-Brown split-half reliability coefficient was calculated for 

each treatment group from the pretest and from the posttest separately. 
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Procedure of the Study 

Treatment Conditions 

There were four treatment conditions: 

1) target priming activity followed by target passage 

2) target priming activity followed by placebo passage 

3) placebo priming activity followed by target passage 

4) placebo priming activity followed by placebo passage 

Administration of Treatments 

The study took place during February, 1984. Two weeks elapsed 

between the administration of the pretest and the treatment to prevent 

possible pretest sensitization. All treatments were carried out in the 

science classrooms and laboratory. 

All students who had been identified as having low prior knowl-

edge of photosynthesis as assessed by the pretest were stratified by 

gender and then randomly assigned to one of the four trea tmen t 

conditions. Stratification by gender was done since there was a 

possibili ty that gender is correlated with science achievement. In a 

meta-analysis of studies which reported correlations between gender and 

affect, ability, and achievement in science, Steinkamp and Maehr (1983) 

found that science achievement in males is slightly greater than in 

females. This difference is most pronounced in junior high school (r = 

.28). 

All subjects were given a packet of materials which contained a 

reading passage, an intervening activity, and the posttest. The passage 

was either the target passage or the placebo passage, depending on their 
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group assignment. The other materials were identical for all subjects. 

Directions for the intervening activity and posttest were included in 

the packet. The materials were kept face down until after the video-

tapes were viewed. 

The intervening activity consisted of one math problem and a 

short written task (Appendix K). The purpose of this activity was to 

remove any effects of short term memory processing such as rehearsal. 

Subjects were instructed to either remain in their classroom or 

go into the laboratory by the word "lab" or the abbreviation "c1" on the 

back of their packet, as determined by their group assignment. A video

player and television were set up in these two rooms. One played the 

target priming activity and the other played the placebo priming 

activity. 

After the subjects were settled in the appropriate room, they 

were given a brief introduction to the treatment. They were told that 

they would be helping the investigator with a very important project, 

and were reminded that they would receive extra credit from their 

science teachers for their cooperation and effort. They were then told 

that they were about to watch a science lesson on a videotape, and that 

they needed to pay close attention as they may be tested on the 

information. They then viewed the videotape. Upon its completion, they 

were told that they were about to silently read a short selection that 

was taken from their science book. Subjects were instructed to read it 

carefully, as they would read a textbook, and that they may be tested on 

it. 
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Fifteen minutes after reading began, subjects were asked 

individually to complete the part of the intervening task they were 

working on, and then to continue with the packet. All had completed the 

reading sele'ction wi thin this time period. This insured that everyone 

had at least fifteen minutes to complete the posttest. 

Summary of Treatments and Data Collection 

The following is a summary of the treatments and data 

collection. 

Priming Activity --> 

(Video-

Passage 

(Silent 

reading) 

--> Intervening Task --> Posttest 

(Silent 

reading) tape) 

Scoring of the Data 

The answers given by each subject were entered into an SPSS 

computer program. Each correct answer was given one point. 

Analysis of the Data 

The following data were available for each subject: 

1) Sex 

2) Raw score and stanine on the Reading Comprehension subtest 

of the California Achievement Test. 

3) Total number correct on the pretest. 

4) Total number correct on the posttest. 
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5) Total number correct in each question category for both pre 

and posttest (textually explicit, textually implici t, 

scriptally implicit). 

6) Total number correct for text dependent questions (textually 

explicit and textually implicit and scriptally implicit). 

The data were analyzed using an SPSS hierarchical regression 

program, with reading ability and relevant pretest score used as 

covariates. 



CHAPTER 4 

RESULTS AND DISCUSSION 

The purpose of this chapter is to present the results of the 

study. The findings and discussions are presented under the following 

headings: (1) reliability of the instrument, (2) effect of gender on 

comprehension, (3) results related to research question one, (4) results 

related to research question two, and (5) results related to research 

question three. 

Reliability of the Instrument 

To test the reliability of the pre and posttests, split-half 

reI iabili ty coefficients wi th a Spearman-Brown correction were 

calculated for each experimental group. To ascertain the test-retest 

reliabili ty of the comprehension test, a reliability coefficient was 

calculated using treatment group 4 only, since this group was the 

overall control group. Results of these calculations are presented in 

Table 1. 

54 
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Table 1. Reliability of comprehension test 

Treatment 
Group Pretest Posttest 

TPA + TP* .32 .83 

TPA + PIP* .41 .73 

PIPa + TP* .16 .64 

PIPA + PIP* .14 .31 

Test-Retest .41 

* Treatment groups will be coded in this way in subsequent 
tables: 

TPA + TP target priming activity and target passage 
(n = 25) 

TPA + PIP target priming activity and placebo passage 
(n = 19) 

PIPA + TP = placebo priming activity and target passage 
(n = 28) 

PIPA + PIP placebo priming activity and placebo passage 
(n = 27) 

The extremely low reliabili ties of the pretest may indicate 

subjects' random guessing, which might be expected from a group of low 

prior knowledge subjects. However, the differences in reliability 

coefficients between groups may suggest that the groups are responding 

differently to different questions. This behavior warrants an item 

analysis of the comprehension test to determine if some of the items are 

poor measures of what they purport to assess. 
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Effect of Gender on Comprehension 

Results of a 2 X 4 analysis of variance comparing the posttest 

performance of males and females in each treatment group showed no 

significant differences in their comprehension scores (p > .442). Thus 

gender was collapsed across all treatments. 

Results Related to Research Question One 

Question one asked: Does a priming activity facilitate reading 

comprehension when comprehension is measured with a content-specific 

mul tiple choice test? Table 2 indicates the mean comprehension score 

and standard deviation of each treatment group. For purposes of 

comparison, pretest scores are also provided. 

Table 2: Mean comprehension scores and standard deviations for pre and 
posttests 

Pretest Posttest 
Group Mean S.D. Mean S.D. 

TPA + TP 11 .640 2.841 18.120 5.925 

TPA + PIP 11 .421 2.567 14.158 5.069 

PIPA + TP 11 .893 2.601 16.214 4.375 

PIPA + PIP 11 .370 2.290 13.333 2.922 

The highest score possible for either test was 32 points, with 

each of the 32 questions worth one point. 
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Statistical analyses of the results using the total posttest 

score as the dependent variable are summarized in Table 3. The 

regression model indicates that there were no significant interactions 

between priming activity and passage, or between reading ability and 

total pretest score. The priming activity accounted for an additional 

3.45% of the total variance beyond that accounted for by reading ability 

and pretest score (F[1, 95J = 4.60, p < .05). An additional 8.83% of 

the total variance was accounted for by the passage condition (F[1, 94J 

= 1 3 • 31, p < • 001 ) • 

Table 3. Regression summary table: Total posttest score 

Reading 

Priming 

Passage 

Priming 

Reading 

af 
/0 

Variable F 

1 16.31*** Ability and Pretot 

Activity 4.60* 

13.31*** 

Activity X Passage < ns 

Ability X Pretot < ns 

Note: Dependent variable = total posttest score 

1 
Pretot = total pretest score 

*** p < .001 

* p < .05 

ns = not significant at the .05 level 

Total Variance 
Accounted For 

25.36 

3.45 

8.83 

.18 

.18 
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To interpret the significant results in the overall analysis, 

five Bonferroni multiple comparison tests were conducted. Specifically, 

these contrasts were designed to answer the following questions: 1 ) 

Did the groups receiving the target priming activity perform signif

icantly better than the groups receiving the placebo priming activity? 

2) Did the group who read the target passage perform significantly 

better than those which read the placebo passage? 3) Did the group 

which heard the placebo priming activity and read the target passage 

perform significantly better than the group receiving both placebo 

conditions? 4) Did the group receiving both target treatments perform 

significantly better than the group receiving both placebo treatments? 

5) Did the group receiving both target treatments perform significantly 

better than the group receiving the placebo priming activity and reading 

the target passage? The results of the five Bonferroni multiple 

comparisons are presented in Table 4. 



Table 4: Bonferroni multiple comparisons for total posttest score 

1-

2. 

3. 

4. 

5. 

Mean 
Contrast Difference 

(TPA + TP) + (TPA + PIP) -
2 

(PIPA + TP) + (PIPA + PIP) 1.376 
2 

(TPA + TP) + (PIPA + TP) -
2 

(TPA + PIP) + (PIPA + PIP) 3.422 
2 

(PIPA + TP) - (PIPA + PIP) 2.881 

(TPA + TP) - (PIPA + PIP) 4.787 

(TPA + TP) - (PIPA + TP) 1.906 

Note: For a = .05, B = t (.995; 94) 

For a = .01, B = t (.999; 94) 

MSE = 16.159 

Test 
Statistic Significance 

2.150 . p > .05 

2.150 p < .05 

2.852 p < .05 

2.934 p < .05 
3.760 p < .01 

2.909 p > .05 
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The first comparison indicates that there is no significant 

difference between the two groups which heard the target priming 

activity and the two groups that did not. The second comparison 

indicates that there was a main effect for text: the two groups which 

read the target passage answered significantly more questions correctly 

than the two groups which read the placebo passage. 
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Comparison 3 tests the significance of the target passage. The 

group which heard the placebo priming activity and read the target 

passage performed significantly better at the .05 level on the posttest 

than the group which did not hear or read any material relevant to the 

posttest. 

The fourth comparison shows that the group receiving both target 

treatments performed significantly better than the group which received 

both placebos. 

The results of the fifth comparison show that the group receiv

ing both target priming acti vi ty and target passage did not perform 

significantly better than the group which only read the target passage 

indicating that the addition of the target priming activity to the 

target passage did not account for a significant gain in posttest 

scores. 

In all cases where the target priming activity did not result in 

the expected significant difference, there are at least two possible 

explanations. One is that the priming activity was not powerful enough 

to affect change, but should have been conducted in a manner requiring 

more interaction with subjects, or should have covered more material. A 

second explanation of the results comes from the test reliability data. 

The overall effect of the low reliabili ties was to increase the error 

term. Since the error term was used to calculate the Bonferroni 

coefficient, it would have direct results on the signifiance of the 

contrasts. However, all means were in the expected direction. 
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Results Related to Research Question Two 

Question two asked: Does a priming activity have the same or 

different effects on subjects' performance on textually explicit, 

textually implicit, and scriptally implicit questions? To answer this 

question, results from analyses of each question type will be presented 

separately. 

Textually Explicit Questions 

Subjects' mean scores for textually explicit questions on both 

the pre and posttests are presented in Table 5. Since there were a 

total of six textually explicit questions, six was the highest possible 

score on this subtest. 

Table 5. Mean c.omprehension scores and standard deviations for 
textually explicit questions 

Pretest Posttest 
Group Mean S.D. Mean S.D. 

TPA + TP 2.240 1 .165 3.280 1.542 

TPA + PIP 2.000 1 .054 2.316 1.250 

PIPA + TP 2.143 .970 3.786 1.424 

PlPA + PIP 1 .704 1 .068 2.333 1.387 

Statistical analyses of the results using the total number 

correct of textually explicit questions on the posttest as the dependent 

variable are listed in Table 6. This regression model shows no 
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significant interactions between priming activity and passage 

treatments, or between reading ability and answers to textually explicit 

questions on the pretest. There was no significant main effect for 

priming activity. The passage condition accounted for an additional 

12.92% of the variance beyond that accounted for by reading ability, 

pretest score on textually explicit questions, and priming activity 

(F[1, 94J = 16.73, p < .001). 

Table 6. Regression summary table: Textually explicit questions 

Reading 

Priming 

Passage 

Priming 

Reading 

% Total Variance 
Variable F Accounted for 

Ability and TEPre 1 7.79*** 13.96 

Activity < 1 ns .52 

16.73*** 12.92 

Activity X Passage 1.27 ns .98 

Ability X TEPre 1 < 1 .23 ns 

Note: Dependent variable 
explicit questions 

total posttest score on textually 

TEPre = total prestest score on the textually explicit 
questions 

*** p < .001 

ns = not significant at the .05 level 

The one significant treatment effect posed the following 

questions: 1) Did the groups which read the target passage perform 
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significantly better than the groups which read the placebo passage on 

textually explicit questions? 2) Did the group whose only relevant 

treatment to the test was the target passage perform significantly 

better than the groups which read the placebo passage? and 3) Did the 

group whose only relevant treatment to the posttest was the target 

passage perform better than the group which received no relevant 

treatments? Results of the analyses are presented in Table 7. 

Table 7. Bonferroni multiple comparisons for posttest scores on 
textually explicit questions 

Mean Test 
Contrast Difference Statistic Significance 

1- (TPA + TP) + PIPA + TP) 
2 

(TPA + PIP) + (PIPA + PIP) .266 .641 p > .05 
2 

2. (PIPA + TP) -

(TPA + PIP) + (PIPA + PIP) 0.182 .089 p < .05 
2 

3. (PIPA + TP) - (PlPA + PIP) .439 .850 p > .05 

Note: For a = .05, B t(.99; 94) 

MSE = 1.784 

above: 

The results provide the following answers to the questions posed 

1) The combination of the two groups which read the target 

passage did not perform significantly better than the two groups which 
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read the placebo passage on textually explicit posttest questions. 2) 

The group which heard the placebo priming activity and read the target 

passage answered significantly more questions correctly than the combi-

nation of the two groups which read the placebo passage. 3) The group 

which read the placebo priming activity and read the target passage did 

not perform significantly better than the group which received both 

placebo conditions. 

These three results do not suggest any clear conclusion about 

the effects of reading the target passage on answering textually 

explicit questions~ The significance of the second contrast is contra

dicted by the lack of significance of either of the other two contrasts. 

Perhaps the one significant result reflects an instance of a Type I 

error, in which a statistically significant result is actually not 

significant. 

Since the answers to these questions were explicitly stated in 

the text, it was expected that all contrasts would have been significant 

and favored the groups reading the target passage. A possible explana

tion for these results could be the few number of textually explici t 

questions. A greater number may have shown differences between the 

groups. The item analysis that was suggested by the reliability data 

may provide a second possible explanation of these results by indicating 

some of the textually explicit questions that should be deleted. 

Textually Implicit Questions 

The results of subjects' performance on textually implicit 

questions on the pre and posttests are provided in Table 8. A maximum 
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of eighteen points was possible, one point for each question of this 

type. 

Table 8. Mean comprehension scores and standard deviations for 
textually implicit questions 

Pretest Posttest 
Group Mean S.D. Mean S.D. 

TPA + TP 6.440 2.382 10.000 3.594 

TPA + PlP 6.526 1.837 7.789 2.720 

PlPA + TP 6.750 2.012 9.429 2.768 

PlPA + PlP 6.815 1.819 7.556 1.987 

Table 9 shows the results of the regression analysis with 

answers to textually implicit questions used as the dependent variable. 

No significant interactions between priming activity and passage 

treatments, or between reading ability and scores on pretest textually 

implicit questions were found. There was no significant main efffect 

for priming activity. Passage condition accounted for an additional 

11.22% of the variance beyond the variance accounted for by reading 

abili ty, pretest score on textually implicit questions, and priming 

activity (F[1, 94] = 15.76, p < .001). 
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Table 9. Regression summary table: Textually implicit questions 

% Total Variance 
Variable F Accounted for 

Reading Ability and TIPre1 12.07*** 20.09 

Priming Activity 2.17 ns 1.78 

Passage 15.76*** 11.22 

Priming Activity X Passage < ns 0 

Reading Ability X TIPre 1 < 0 ns 

Note: Dependent variable 
implicit questions 

total posttest score on textually 

TIPre = total pretest score on textually implicit 
questions 

*** p < .001 

ns = not significant at the .05 level 

Since the same significant effect was found for textually 

implicit questions as for textually explicit questions, the same three 

questions were asked with their associated Bonferroni comparisons. 

Results of these post hocs are presented in Table 10. 
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Table 10. Bonferroni multiple comparisons for posttest scores on 
textually implicit questions 

Mean Test 
Contrast Difference Statistic Significance 

1- (TPA + TP) + (PIPA + TP) -
2 

(TPA + PIP + PIPA + PIP) 2.042 1 .201 P < .05 
2 

2. (PIPA + TP) -

(TPA + PIP) + (PIPA + PIP) 1 .757 0.167 p < .05 
2 

3. (PIPA + TP) - (PIPA + PIP) 1.873 1.592 P < .05 

Note: For a = .05, B t (.99; .94) 

IvISE = 6.259 

For textually implicit posttest questions, all three contrasts 

yielded significant results at the .05 level. This indicates that for 

textually implicit questions, reading the passage relevant to the topic 

of the test resulted in significantly better scores than reading the 

placebo passage. This was true no matter wha t priming acti vi ty was 

paired with the target passage. 

Scriptally Implicit Questions 

Subjects' mean scores for scriptal1y implicit questions for the 

pre and posttests are listed in Table 11. Six points was the maximum 

score possible. 
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Table 11. Mean comprehension scores and standard deviations for 
scriptally implicit questions 

Pretest Posttest 
Group Mean S.D. Mean S.D. 

TPA + TP 1.920 .862 3.480 1 .418 

TPA + PIP 2.211 1 .134 2.684 1.765 

PIPA + TP 2.107 1 .100 2.250 1.206 

PIPA + PIP 1 .815 1.039 2.519 1.014 

Table 12 shows the results of the regression analysis using 

total posttest score on scriptally implicit questions. There was no 

significant interaction between reading ability and performance on 

pretest scriptally implicit questions, or on the passage condition 

alone. There was a significant interaction between the priming activity 

and passage treatments. This interaction accounted for an additional 

4.57% of the variance over that accounted for by reading ability and 

score on scriptally implicit pretest questions, priming activity, and 

passage (F[1, 93J = 5.45, p < .05). The priming activity condition also 

accounted for a significant amount of the variance, 7.22%, beyond that 

accounted for by reading ability and pretest scores on scriptally 

implicit questions (F[1, 95J = 8.27, p < .01). 
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Table 12. Regression summary table: Scriptally implicit questions 

% Total Variance 
Variable F Accounted for 

Reading 

Priming 

Passage 

Priming 

Reading 

Ability and SIPre 1 5.19** 9.76 

Activity 8.27** 7.22 

< 1 ns .33 

Activity X Passage 5.45* 4.57 

Ability X SIPre 1 3.03 ns 2.49 

Note: Dependent Variable = total posttest score on scriptally 
implicit questions 

SIPre = Total pretest score on scriptally implicit 
questions 

** p < .01 

* p < .05 

ns not significant at the .05 level 

The two significant results lead to the following questions: 1) 

Did groups whi ch received the target priming acti vi ty perform 

significantly better than groups which received the placebo priming 

activity on scriptally implicit questions? 2) Did the group which had 

the combination of both target conditions perform better than either of 

the groups with only one of the target conditions? 3) Did the group 

which received both target conditions perform significantly better than 

the group receiving both placebo conditions? Did the group 

receiving the target priming activity as the only treatment relevant to 
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the posttest perform better than the group receiving no relevant 

treatments? 5) Did the group which heard the target priming activity 

but read the placebo passage perform better than the group which heard 

the palcebo priming activity and read the target passage? Results of 

these comarisons are in Table 13. 

Table 13. Bonferroni multiple comparisons for posttest scores on 
scriptally implicit questions 

1. 

2. 

3. 

4. 

5. 

6. 

Mean Test 
Contrast Difference Statistic Significance 

(TPA + TP) + (TPA + PIP) -
2 

(PIPA + TP) + (PIPA + PIP) .698 .669 p < .05 
2 

(TPA + TP) - (TPA + PIP) .796 1.002 p > .05 

(TPA + TP) - (PIPA + TP) 1.230 .906 p < .05 

(TPA + TP) - (PIPA + PIP) .961 .914 p < .05 

(TPA + PIP) - (PIPA + PIP) .165 .986 p > .05 

(TPA + PIP) - (PIPA + TP) .434 .979 p > .05 

Note: Foro, =.05, B t(.995i94) 

MSE = 1.579 

These results support the following findings: 1) The target 

priming activity was found to cause significantly higher scores on 

scriptally implicit questions than the placebo priming activity, as 
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evidenced by con~rast 1. 2) The target priming activity as the only 

treatment relevant to the posttest was not found to be sufficient to 

cause significantly higher scores on scriptally implicit questions. 

This was supported by contrasts 2, 5 and 6. 3) The combination of the 

target priming activity and target passage caused the highest scores on 

scriptally implicit posttest questions when compared to the effects of 

both placebo conditions (contrast 4) or to the effect of the target 

passage (contrast 3). 

A possible explanation of these results is that the target 

priming activity did cause subjects to create a schema about concepts 

important to the comprehension of the passage. And, when questions were 

asked which required subjects to integrate their newly formed schemata 

with the information in the passage, they were able to do so. 

Results Related to Research Question Three 

Question three asked: Does a priming activity facilitate the 

reading comprehension of those subjects with identified misconceptions 

relevant to the passage? 

To ascertain how subjects' misconceptions would be affected by 

the treatments, a description of how subjects with misconceptions 

answered posttest questions was made. This was done by identifying the 

number of subjects for each treatment group who had a misconception as 

revealed by their answers to particular pretest questions, and 

detemining their subsequent posttest answers. Thus, some indication of 
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how or if subjects altered their misconceptions after treatment could be 

inferred. These data are in columns 2-5 of Tables 14-17. 

Table 14. Summary of percent of subjects with misconceptions, Treatment 
Group 1 (TPA + TP) (n = 25) 

2 3 4 5 6 7 

Pretest 

Both Other 
Pretest Wrong Correct 

Question Pretest and on on Posttest Posttest 
Number Total Posttest Posttest Posttest Total Only 

2 12 0 8 4 40 40 
3 8 4 0 4 20 16 
4 52 16 12 24 24 8 
7 24 16 4 4 28 12 

23 24 4 4 16 8 4 
25 36 12 0 24 44 32 
31 20 0 4 16 12 12 
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Table 15. Summary of percent of subjects with misconceptions, Treatment 
Group 2 (TPA + PIP) (n = 19) 

2 3 4 5 6 7 

Pretest 

Both Other 
Pretest Wrong Correct 

Question Pretest and on on Post test Posttest 
Number Total Posttest Posttest Posttest Total Only 

2 0 42.1 42.1 
3 21.1 5.3 15.8 0 21.1 15.8 
4 36.8 31.6 5.3 0 47.4 15.8 
7 47.4 31.6 5.3 10.6 36.8 5.2 

23 21.1 10.6 0 10.6 21.1 10.6 
25 47.4 21.1 0 26.3 31.6 10.6 
31 15.8 0 5.3 10.6 21.1 21.1 
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Table 16. Summary of percent of subjects with misconceptions, Treatment 
Group 3 (PIPA + TP) (n = 28) 

2 3 4 5 6 7 

Pretest 

Both Other 
Pretest Wrong Correct 

Question Pretest and on on Posttest Posttest 
Number Total Posttest Posttest Posttest Total Only 

2 28.6 10.7 3.6 14.3 25 14.3 
3 21.4 3.6 3.6 14.3 7.1 3.6 
4 42.9 7.1 7.1 28.6 10.7 3.6 
7 35.7 14.3 10.7 10.7 14.3 0 

23 39.3 10.7 17.9 10.7 28.6 17.9 
25 25 7.1 0 17.9 39.3 32.1 
31 17 .9 3.6 3.6 10.7 21.4 17.9 
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Table 17. Summary of percent of subjects with misconceptions, Treatment 
Group 4 (PIPA + PIP) (n = 27) 

2 3 4 5 6 7 

Pretest 

Both Other 
Pretest Wrong Correct 

Question Pretest and on on Posttest Posttest 
Number Total Posttest Posttest Posttest Total Only 

2 18.5 3.7 0 14.8 29.6 25.9 
3 11.1 0 3.7 7.4 29.6 29.6 
4 48.1 25.9 7.4 14.8 40.7 14.8 
7 48.1 14.8 22.2 11.1 29.6 14.8 

23 40.7 18.5 18.5 3.7 44.4 25.9 
25 40.7 25.9 0 14.8 59.3 33.3 
31 14.8 0 11.1 3.7 22.2 22.2 

However, using only these data to infer change in incorrect 

schemata vis a vis misconceptions did not provide an accurate account of 

changes in subjects' cognitive structures. A second tally was made for 

each treatment group which provided the total number of subjects who 

chose answers indicating misconceptions in the posttest (column 6 in 

Tables 14-17). A comparison of this total with the number of subjects 

who indicated misconceptions in both the pretest and the posttest 

(column 3, Tables 14-17) showed that for every question there were 

additional subjects with misconceptions after treatment who had not had 

those misconceptions before treatment (column 7 in Tables 14-17). Also, 

examination of changes from pre to posttest in misconceptions is not 

consistent within groups, and does not show a pattern across groups. 
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Several explanations of these resul ts are possible: 1 ) 

Misconceptions that were identified by other research (Eaton, Anderson, 

and Smith, 1983; Anderson and Smith, 1983) may not exist in the subjects 

in this study. 2) Since the low reliability of the pretest may indiate 

random guessing, analysis of subjects' responses to these questions 

could be meaningless, since it does not accurately represent what 

subjects know about the topic. 3) Subjects had virtually no schemata 

for the concepts with these associated misconceptions, and their answers 

to these questions should be interpreted quantitatively rather than 

qualitatively. 4) The treatments were not effective in causing changes 

in misconceptions. 5) Some test items were poorly constructed and as 

such did not accurately assess misconceptions. 

The data in Tables 14-17 support interpretations two and five, 

that misconceptions identified by the pretest are not reliable, and/or 

that some questions did not accurately ascertain subjects' miscon-

ceptions, either before or after treatment. Interpretation two is 

supported by comparing the additional percentage of subjects in the 

control group (group 4) who had misconceptions on the posttest who did 

not have them on the pretest (Table 17, column 7). In other words, it 

seems unlikely that subjects in Group 4 developed these misconceptions 

in the two weeks between the pre and posttests. It is more likely that 

their random guessing on both tests has resulted in the observed 

increase in those subjects' misconception score. 

Interpretation five is supported by comparing columns 2 and 7 in 

Tables 14-16. For some questions and for some groups, treatment seems 
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to have caused misconceptions. Though this possibility cannot be 

completely dismissed without further investigation, these comparisons 

and reliability data further support the need for an item analysis. 

Therefore, this study does not add support to previous research 

which has identified misconceptions related to photosynthesis, plants 

and energy, but neither does this study refute that research. 

Summary of Findings 

The statistical analyses of subjects' responses to comprehension 

questions indicated that the addition of a priming activity that builds 

background knowledge did not add to overall reading comprehension. 

Rather, reading the passage alone was sufficient. However, the means 

were in the expected direction. Results were not clear regarding the 

effects of either treatment, priming activity or passage, on answering 

textually explicit questions. Reading the passage without the addition 

of the priming activity was sufficient to improve comprehension of 

textually implicit items, yet again the means were in the expected 

direction. Comprehension on scriptally implicit items was enhanced with 

the addition of the priming activity before reading. 

Though no clear results regarding subjects' misconceptions were 

evident from this study, the misconception data and the test reliability 

results indicate a need for further analysis of some of the items. 



CHAPTER 5 

CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS 

This chapter presents a restatement of the problem, a review of 

rela ted research, design and procedures of the study, and findings, 

conclusions, impliea tions, and suggestions for further research that 

emanate from the results of this study. 

Restatement of the Problem 

The purpose of this study was to assess the effects of a priming 

activity on the reading comprehension of a science topic for subjects 

with low prior knowledge about that topic. The priming activity was 

designed to teach concepts that had been identified by science experts 

as being prerequisite to understanding the reading passage. 

Other investigations in the area of prior knowledge and reading 

comprehension have compared the comprehension of subjects with high and 

low prior knowledge of a topic to ascertain the effects of background 

knowledge. Studies which have taught prior knowledge or demonstrated 

the effects of prior knowledge on the ability of subjects to answer 

specific types of questions have neglected to provide a rationale which 

describes how that prior knowledge was determined to be prerequisite in 

the context of the content. 

The three research questions addressed in this study were: 

1. Does a priming activity facilitate reading comprehension when 

comprehension is measured with a content-specific multiple choice test? 

78 
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2. Does a priming activity have the same or different effects on 

subjects' performance on textually explicit, textually implicit, and 

scriptally implicit questions? 

3. Does a priming activity facilitate the reading comprehension of 

those subjects with identified misconceptions relevant to the passage? 

Related Research 

Studies which have investigated the effects of readers' prior 

knowledge of content on comprehension have become more prevalent in 

recent reading and psychological investigations as researchers attempt 

to increase their understanding of the comprehension process. One type 

of study investigates the effects of familiar and unfamiliar text on 

comprehension. Using various means to assess both prior knowledge and 

comprehension, these studies have demonstrated that subjects have better 

comprehension with familiar than unfamiliar material (Spilich, Vesonder, 

Chiesi, and Voss, 1979; Pearson, Hansen, and Gordon, 1979). Similar 

studies which also compared performance of good and poor readers found 

the same effects for familiarity of content, and in most cases, found 

that good readers performed better than poor readers (McKenzie, Neilsen, 

and Braun, 1981; Taylor, 1979). 

A second group of studies has operationalized prior knowledge as 

knowledge prerequisite to the comprehension of a text. Johnston and 

Pearson (1982) demonstrated that background knowledge was a significant 

predictor of comprehension, especially for scriptal questions. Studies 

which have attempted to teach essential background have shown increased 

comprehension scores as a result of instruction (Stevens, 1982; 
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Rogers-Zegarra, 1983; Beck, Omanson, and McKeown, 1982). However, in 

all but the Beck et ale study, none of these investigations provided an 

explanation regarding their choice of knowledge considered to be 

prerequisi te •. 

A third group of prior knowledge studies has investigated the 

effects of various states of prior knowledge on subsequent learning, 

with mixed ~esults. Lipson (1982) found that subjects with incorrect 

prior knowledge performed worse on a comprehension task than subjects 

with correct or no prior knowledge. Contrary to Lipson, Holmes (1981, 

1983) demonstrated that poor readers have better comprehension when 

their prior knowledge is inaccurate than when it is missing, and that 

good readers show no difference in their comprehension when prior 

knowledge is identified as being in either of these states. 

A fourth group of studies has shown that when students possess 

misconceptions about a topic, the correct information must be contrasted 

wi th their erroneous notion for change in existing schemata to occur 

(Maria and MacGinite, 1982; Hewson, 1982; Anderson and Smith, 1983; 

Pines, 1 978) . 

These studies demonstrated the powerful effect of prior knowl

edge on comprehension. Few of these, however, addressed the situation 

that often occurs in classrooms: How to design a lesson when students 

lack prior knowledge? Of the studies which did investigate this 

question, most failed to provide a rationale for deciding what informa

tion was prerequisite. Thus, a need 1'TaS seen for a study which 

investigated low prior knowledge subjects' ability to learn background 
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information when that information had been identified as prerequisite to 

specific content. 

Design and Procedures 

The 99 subjects in the study were selected from the eighth grade 

science classes of one junior high school in the Tucson Unified School 

District. Those students who scored at or below 50 percent correct on a 

pretest about the topic of photosynthesis were considered low prior 

knowledge subjects and included in the study. 

A section of the subjects' science book which covered the topic 

of photosynthesis was condensed and used as the target passage. A 

second section of the same text was used as a placebo passage. The 

topic of the placebo passage was heredity. 

Background knowledge prerequisi te to the comprehension of the 

target passage was determined by a group of botanists, biology teachers, 

and preservice science teachers, who were considered to be experts in 

their fields. A target priming activity was developed which taught 

three of the prerequisite concepts. These three were determined by the 

investigator to be the most superordinate of all the background concepts 

identified. A second priming activity, a placebo, was developed by the 

investigator alone. This presented concepts prerequisite to the under

standing of heredity. 

To assess comprehension, a posttest on the topic of photo-

synthesis and identical to the pretest was used. The test consisted of 

32 items, containing 6 textually explicit, 18 textually implicit, 6 

scriptally implicit, and 2 text independent questions. 
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Procedures consisted of a pretest followed two weeks later by a 

treatment. All subjects viewed one of two videotaped priming 

activities, performed a short, intervening task, read one of two 

passages, and answered questions on the posttest. Subjects were 

randomly assigned into one of four treatment conditions: 1) target 

priming acti vi ty and target passage, 2) target priming ac ti vi ty and 

placebo passage, 3) placebo priming activity and target passage, or 4) 

placebo priming activity and placebo passage. 

Each subjects' total score and score on textually explicit, 

textually implicit, and scriptally implicit questions was tallied for 
/ 

both the pre and posttests. A hierarchical stepwise regression analysis 

was performed using the appropriate pretest score and reading ability as 

covariates. Reading ability was defined as subjects' raw score on the 

Reading Comprehension subtest of the California Achievement Test. Seven 

of the test questions had misconceptions as dis tractors • Subjects' 

misconceptions on both the pre and posttests were analyzed 

descriptively. 

Findings of the Study 

The results of the data analyses indicating the effects of the 

priming activity and passage are presented in this section. Also in 

this section is a summary of the descriptive results regarding mis-

conception data. The results were as follows: 

1. Significant differences between group means for total posttest 

score were due to reading the target passage. There was no effect for 

the target priming activity. 
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2. Comparisons of group means to test the effect of reading the 

target passage on textually explicit posttest questions yielded one 

significant difference and two nonsignificant differences. Thus, there 

is no clear finding about the effects of reading the target passage on 

answering textually explicit questions. There was no effect for the 

target priming activity. 

3. Significant dif~erences between group means for scriptally 

implici t posttest questions were due to the target priming activity. 

Listening to the target priming activity and reading the target passage 

resulted in significantly better scores on this type of question than 

only reading the target passage. There was no effect for target passage 

alone. 

Conclusions 

The following conclusions are based on the statistical findings 

of this study and are limited to populations similar to the sample used 

in this study. The conclusions are also limited to a priming activity 

developed in a similar manner and based on similar text, and to a com

prehension measure that is comparable to the one used in this study. 

1 . A lesson which is designed to build background knowledge con-

sidered to be prerequisite to a lesson does not add to overall compre

hension beyond that of reading the passage alone. 

2. A lesson which is designed to build background knowledge and 

which precedes reading does not affect performance on answering 

questions for which the answers are stated explicitly in the text. The 
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effect of reading the passage alone on this type of question is not 

clear. 

3. A lesson which is designed to build background knowledge and 

which precedes reading does not significantly affect performance on 

questions for which the answers must be inferred from the information in 

the text. Reading the passage alone is sufficient to have a significant 

effect on answering this type of question. 

4. A lesson which is designed to build background knowledge and 

which precedes reading has a significant effect on subjects' performance 

on scriptally implicit questions beyond that attributable to reading 

alone. These are questions which require the integration of background 

knowledge and information in the text. 

Implications 

The following implications are suggested by the conclusions of 

this study: 

Teaching prerequisite knowlege to students with a poor back-

ground of a topic may not have an effect on overall comprehension of 

that topic. 

Teaching prerequisite knowledge may not affect comprehension on 

textually explicit questions. Also, reading the passage related to the 

content of the questions may not affect comprehension on textually 

explicit questions. 

The conclusions of this study indicate that teaching background 

knowledge to students may not help them to answer textually implicit 



85 

questions. Instead, reading the text without building background is 

sufficient to answer this type of question. 

Teaching information that is considered prerequisite to the 

comprehension of a topic does result in learning that background. 

Learning that background increases students' ability to answer 

scriptally implicit questions. Thus, teaching background information 

before reading should improve comprehension when teachers assess 

comprehension with scriptally implicit questions. 

Schema theory would suggest that any type of learning from text 

should be enhanced when readers have background information of the topic 

presented in the text. However, the data in this study do not support 

this contention. However, these data might suggest that a longer period 

of time is needed for the background schema to be developed. Another 

possibility is that building background with a short lecture presenta

tion may not be the means by which to develop a schema. 

The inflating effects of the low reliabilities of the pre and 

posttests on the mean square error term used in the analyses and the 

suggestion by the scattered reliability coefficients for a need to do an 

item analysis must also be considered when evaluating these 

implications. In other words, the findings and subsequent conclusions 

and implications may be an artifact of some questions which do not 

belong in the analyses. 

Suggestions for Further Research 

1. Replication of this study using a priming activity that 

addresses more prerequisite concepts. 
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2. Replication of this study with a probed assessment measure of 

subjects' knowledge of the prerequisite concepts in both the pre and 

posttests. 

3. Re-evaluation of the data, deleting questions which the majority 

of subjects recognized correctly on the pretest. 

4. Re-evaluation of the data, deleting questions which the majority 

of subjects recognized correctly on the posttest, and those never or 

seldom answered correctly. 

5. Development of a long term study which would present pre-

requisi te concepts in stages. 

allow student interaction. 

Presentation of these concepts would 

6. Selection of another science topic to determine if prerequisite 

concepts can be identified. 

7. If #6 is possible, replication of this study with that topic. 

8. Selection of topics in other subject areas to determine if 

prerequisite concepts can be identified. 

9. If #8 is possible, replication of this study those topics. 

10. Replication of this study with subjects other than eighth grade 

students. 

11. Replication of this study wi th another passage on photo-

synthesis. 

12. Replication of this study with more subjects of low reading 

ability. 
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13. Replication of this study with the addition of a delayed 

comprehension assessment condition. 



APPENDIX A 

QUESTIONNAIRE FOR EXPERTS 

I am currently a doctoral student in reading and am working on 

my dissertation. My study looks at the effects of prior knowledge on 

the comprehension of science text. 

Rather than deciding myself which prior knowledge is relevant 

and essential in understanding the topic I have chosen, I have decided 

to ask for assistance from subject matter experts such as yourselves. 

I greatly appreciate your time and effort in assisting me. If 

you are interested in the specific nature of my study and the results I 

obtain, please let me know and I will be glad to share them with you. 

Many thanks, 

Carol V. Lloyd 

621-1311 

************************************************************************ 

Here is a brief example of what I am asking you to do: 

Suppose that this is the text -

In mitosis, both new cells receive a complete set of chromosomes. 
Therefore, each cell has all of the genes it needs. Mitosis is a 
continuous process. It begins when each chromosome makes a copy 
of itself. It is complete when there are two new cells. Each 
cell has a full set of chromosomes. (p.25, Life Science, Silver 
Burdett) 

One concept within the overall topic is represented by "chromosomes." I 

might decide that students should first know about the nature of DNA and 

88 



89 

genes before they can fully understand the concept of mitosis, and 

perhaps something about the chemical bonds in the DNA. I would list 

these under the prerequisite knowledge required. 
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DIRECTIONS PLEASE READ THESE DIRECTIONS BEFORE READING THE 

ACCOMPANYING TEXT 

You have been given a copy of part of a junior high science 

text , Silver Burdett's Life Science (1982) • 

taken from the chapter about plants. 

Your task will be threefold: 

This selection has been 

1) to determine the important concepts presented in this text, 

2) to determine what knowledge is prerequisi te to 

understanding these important concepts, and 

3) to determine whether or not the text presents this 

necessary prerequisite information. 

You have also been provided with a worksheet which will guide 

you through the tasks which address these concerns. 

Complete the worksheet as you read the text. If you choose, you 

may refer to other materials for reference. 
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WORKSHEET 

I. As you read, list the important concepts presented in this text. 

Rank: 

Concept A: 

Concept B: 

Concept C: 

Concept D: 

Concept E: 

Concept F: 

Concept G: 

Concept H: 

Concept I: 

Concept J: 

Concept K: 

Concept L: 

(Note: You mayor may not find 12 concepts; if more space is 

needed, please continue on the back.) 
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Worksheet, page 2 

Is there one overall concept that can be identified from this 

text? If so, what is it? 

Look back at the concepts you listed on the previous page, and 

rank them according to their relative importance to the overall topic. 

Use the space provided on page one. You may assign the same number to 

more than one concept if you consider them to have equal importance. 

Assign the number 1 to the most important concept. 

II. For each of the concepts listed in I, do the following: 

1) For each concept you identified, list everything that you think 

is necessary prerequisite knowledge; 1. e., list everything that you 

think that students need to know if they are to fully understand this 

concept. 

2) Prioritize the list of prerequisites, giving the most essential 

one the number 1. You may assign the same number more than once if you 

feel the ideas are equally important. 

III. Decide whether or not the text presents this necessary 

prerequisite information. 

included in Part II. 

Indicate your evaluation on the scale 
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Worksheet, page 3 

II. 

concept A - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 

Concept B - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 

Concept C - Prerequisite knowledge: 

Rank: 

a. 

b'. 

c. 

d. 

(NOTE: Please indicate here whether or not you are using any reference 

material: Yes No 
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Worksheet, page 4 

Concept D - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 

Concept E - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 

Concept F - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 
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Worksheet, page 5 

Concept G - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 

Concept H - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 

Concept I - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 
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Worksheet, page 6 

Concept J - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 

Concept K - Prerequisite knowledge: 

Rank: 

a. 

b. 

c. 

d. 

Concept L - Prerequisite knowledge: 

Rank: 

a. 

b. 

co. 

d. 



Living Organisms Reguire Energy 

Energy required to 
perform life processes ~nergy sour~ 

/ I I ~ plants 

I to to to to 
replace grow 
parts 

I.D 
-..J 

reproduce respond 
to 
environment 

Sun's 

Sunlight + green-7 Sugar + Oxygen 
(light - plants 
energy) _ ~ ~ 
'~""V'~ 

\'. I an1ma s 

photosynthesis 

~ - chlorophyll captures 

energy 

~7 ---joins 

carbon -7 sugar = food + oxygen 
dioxide + water 

/~ / \ 
contains 
energy 

stored 
/ 

used by 
plants 

extra 
sugar I converted 

starch 

. I 
1n plant cells 

\ 

breaks 
down 
food 

I 
energy 

used by 
animals 

for 
plants 

& 
animals 

Q 
~ 
> 
"'d 
::I:! 
H 
0 

0 
~ 
Q 
> 
2: 
H 
N 
t:cJ 
~ 

> 
0 "'d 
10;1 "'d 

t:cJ 
t-3 2: 
> 1::::1 
~ H 
Q >< 
t:cJ 
t-3 to 

"'d 
> 
til 
til 
> 
Q 
t:cJ 

0 
0 
2: 
0 
t:cJ 
"'d 
t-3 
til 



Plant Anatomy and Physiology 

----------Plant Cells 

/ 
Chloroplast - unique to plant cells 

I~ 
Descriptions Location Composition 
/ \ I I 

green football- cytoplasm contains 
shaped of green Chlorophyll 

plants / \ 

green 
pigment 

used in 
photosynthesis 

(captures sun's 
energy) 

~ 
Plant Organs: Each organ 
performs functions important 

~o plant's survival ~ 

Leaves 
(continued 
on page 99) 

Stems 
(continued 
on page 100) 

Roots 
(continued 

on page 101) 

1.0 
CD 



Plant Organs (continued) 

" - -" -

/ 
Function 
/ " food-making 

Leaves 
I 

"-
"Stems 

Structure 

I 
Stomates 

organ 
gas 

diffusion / ---- l-

pores 
leaf 

Description 

/ I 
on small, 

slit like 
openings 

Location & 
Amount 

I \ 
topside more on 
of leaf underside 

of leaf 

Leads into 
airspace 

inside 
leaf 

- - - Roots 

Functions 

/ "'-movement transpiration 
of gases / \ 
in & out movement Control of 
of leaf of water 
lout of 

Controlled leaf 
by guard 
cells: 
stomate 
large when 
guard cells 
bend 
outward 

through 
stomates 

transpiration 
1. guard 
cells loose 
water & 
shrink 
2. shrunken 
guard cells 
don't bend 
outward 
3. stomates 
close 
4. little 
wa.ter escapes 

\0 
\0 



./ 
./ 

/' 
Leaves 

/ 
support 
leaves & 
flowers 

move 
water & 
food to 
all parts 
of plant 

Plant Organs (continued) 

Stems 

Functions 

some 
manufacture 
food 

\ 
some 
store 
food 

........ 
"-

"
Roots 

o 
o 



./ 
./ 

./ 
Leaves 

anchor plant 
in s0iJ 

absorb 
water 

I 
moves 

to 
other 
parts of 
plant 

Plant Organs (continued) 

Roots 

Func"tions 
I I 

absorb food storage 

........ 
.......... 

.......... 

Stems 

minerals / I '\. 
extra food Examples stored food in roots 
often stored I allows roots to survive 
in roots of 
plant living 
more than 
one season 

radishes, 
carrots, 
beets 

winter 

stored food used by 
developing plant next 
spring 

o ...... 



APPENDIX C 

MAIN CONCEPTS PRESENTED BY PASSAGE: 

RESULTS OF "QUESTIONNAIRE BY EXPERTS" 

The numbers to the left indicate the percentage of each group by 

experts who identified the concept. 

SEC: 

TCH: 

BOT: 

SEC: 

TCH: 

BOT: 

SEC: 

TCH: 

BOT: 

SEC: 

TCH: 

BOT: 

SEC: Students enrolled in a secondary education biology methods 

course; 12 participants 

TCH: Experienced biology teachers; 5 participants 

BOT: Botanists, 7 participants 

50 

60 

43 

25 

0 

14 

25 

20 

43 

83 

80 

57 

Energy 

Energy is required by both plants and animals to 

perform life processes. 

The sun is the primary source of energy for all living 

organisms. 

Only green plants can capture the sun's energy and 

convert it into food energy. 

The process by which green plants capture the sun's 

energy and convert it into food (chemical) energy is 

photosynthesis. 
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SEC: 58 

TCH: 40 

BOT: 71 

SEC: 

TCH: 

BOT: 

SEC: 

TCH: 

BOT: 

SEC: 

TCH: 

BOT: 

SEC: 

TCH: 

o 

20 

14 

50 

40 

57 

50 

60 

57 

50 

20 

BOT: 43 

SEC: 

TCH: 

33 

40 

BOT: 14 

Only green plant cells contain chloroplasts. 

Chloroplasts are green, football-shaped structures 

located in the cytoplasm. 

Chloroplasts contain a green pigment, chlorophyll, 

which captures the sun's energy. 
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During the process of photsynthesis, the sun's energy 

is used to join carbon dioxide and water to produce 

sugar and oxygen. 

Extra sugar·is converted into starch and stored by the 

plant. 

The sugar produced by the plant is the plant's energy 

source for carrrying on its life processes. 



SEC: 

TCH: 

BOT: 

SEC: 

TCH: 

67 

60 

86 

75 

20 

BOT: 86 

SEC: 75 

TCH: 60 

BOT: 71 

SEC: 92 

TCH: 100 

BOT: 57 

SEC: 92 

TCH: 80 

BOT: 57 
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The sugar produced by the plant is the source of energy 

for all animals: animals which eat the plants get 

their energy directly from the plants; animals which 

are omnivorous receive their energy indirectly from the 

plants (plants are the primary producers). 

The oxygen produced by the plants is used by the plant 

and by animals to break down food during respiration. 

Plant Anatomy and Physiology 

Plants have organs, the roots, stems and leaves, each 

of which performs functions important to the plant's 

survival. 

Roots have particular functions: they absorb water and 

minerals and store food. 

Stems have certain functions: they support leaves and 

flowers, transport water and food, and some manufacture 

food. 



SEC: 83 

TCH: 100 

BOT: 71 

(listed 

previously) 

SEC: 50 

TCH: 60 

BOT: 86 

SEC: 33 

TCH: 0 

BOT: 29 

SEC: 42 

TCH: 40 

BOT: 71 

SEC: 42 

TCH: 0 

BOT: 43 
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Leaves perform important functions. 

(Photosynthesis occurs mainly in the leaves) 

Stomates on the surfaces of the leaf perform important 

functions. 

Stoma tes are the pores through which gases are 

exchanged. 

Stomates are the sites at which transpiration occurs. 

Water loss through the stomates is controlled by guard 

cells. 

Some problems which occurred during the process of collecting 

data from the experts should be noted. It was the investigator's 

original intent to instruct these experts in the procedure required to 

iden tify concepts and prerequisite knowledge. This was to have been 

done through a modeling session which would have utilized another 



passage. 
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However, most of these experts did not have the additional 

time to devote to this part of the data collection. Therefore, 

instructions and a brief example of the task were included with the 

questionnaire. The investigator was able to meet with a part of the 

teacher group, however. Unfortunately, of the four biology teachers 

present, two did not understand what was meant by "prerequisite 

knowledge" even after being given additional verbal examples. Their 

data are not included in this study. 

Another problem which occurred was the way in which the experts 

stated the concepts. For example, some identified one word concepts, 

such as "stoma tes", while others elaborated wi th, for ins tance, 

"stomates are pores (through which) gases pass in and out." The gener

ali ty or specificity in the way concepts were listed also occurred in 

another way. Some would list a concept such as "roots as organs" which 

subsumes other concepts such as the "main functions of roots are to ab-

sorb water and minerals," which others would identify. T~erefore, a lot 

of judgment was used by the investigator in determining the placement of 

the experts' concepts onto the graphic organizer. However, even though 

there was a lack of consistency in the statement of concepts and their 

associated prerequisite knowledge, there did not appear to be any con

flicts between the individuals in this group. 



APPENDIX D 

SUMMARY OF EXPERTS' RESPONSES 

Some of the experts used in this survey identified a concept 

which, in the opinion of the investigator, actually contained more than 

one idea. In such cases, they were rewritten to reflect more than one 

concept. On some occasions, a concept was identified which did not fit 

with the graphic organizer nor did it appear in any other participant's 

list. These were excluded from the tally. 

The charts below summarize the number of concepts each partici-

pant listed and the number identified by the investigator. 

Group: Secondary education students in biology methods course 
12 participants 

Total 

Original number 
listed 

12 
5 

12 
10 
12 
11 
10 
11 
12 

9 
6 
9 

1T9 

Average number concepts: 
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Final number 
used in tally 

15 
6 

11 
9 

14 
11 
13 
10 
13 
13 

7 
10 

1"32 

11 



Group: Biology Teachers 
5 participants 

Original number 
listed 

Total 

11 
7 

11 
8 
6 

43 

Final number 
used in tally 

13 
7 

13 
8 
6 

47 

Average number concepts: 9.4 

Group: Botanists 
7 participants 

Total 

Original number 
listed 

5 
10 
11 
16 
11 
15 

_9 
77 

Final number 
used in tally 

6 
9 

12 
13 
12 
16 
8 

76 

Average number concepts: 11 
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APPENDIX E 

TARGET PRIMING ACTIVITY: 

TARGETED CONCEPTS AND PREREQUISITE KNOWLEDGE 

The following describes one superordinate concept and two sub

ordinate concepts targeted for the priming activity. The list under 

each of these represents the prerequisite knowledge required for the 

understanding of these concepts as determined by the experts used in 

this study. 

Superordinate Concept 

Energy is required by both plants and animals to perform life processes. 

Subordinate Concepts 

The sun is the primary source of energy for all living 

organisms. 

Only green plants can capture the sun's energy and convert it 

into food energy. 

Prerequisite Knowledge for Superordinate Concept: 

1. Energy is the ability to do work. 

2. There are different forms of energy. 

3. Living organisms need energy for movement, to make new cell 

material, and other chemical processes in cells. 

*4. Energy is stored in food. 

**5. Energy is obtained by organisms when food is broken down in 

cells. 
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6. Food is something that provides energy to living organisms 

when it is broken down. 

7. Food is broken down during the process of respiration. 

Prerequisite Knowledge for Subordinate Concepts: 

1. Light is a form of energy. 

*2. The sun is the ultimate source of energy on earth •. 

3. Energy can be converted into different forms. 

4. Light energy can be converted into chemical energy. 

*5. Chlorophyll molecules can capture light energy. 

6. Chemical bonds provide a source of energy. 

*7. Light energy is used to join carbon dioxide and water to 

produce sugar. 

8. Carbon dioxide and oxygen are gases. 

*9. Carbon dioxide is present in the air. 

**10. Sugar and starch are foods. 

*11. Chlorophyll is a pigment that can capture light energy. 

* This concept is explicitly stated in the passage. 

** This concept can be inferred from the content of the 

passage. 



APPENDIX F 

PILOT STUDY: PROBED RECALLS 

Subjects: Twenty-five seventh graders enrolled in one science class. 

Materials: a) Question booklets containing four questions each were 

prepared. Questions were typed on an 8 1/2 x 11 sheet of paper, one 

question per page. A total of twelve questions were written about the 

passage. b) Copies of the target passage. 

Procedure: Subjects were given a packet containing the target passage 

followed by one set of probed recall questions. They were instructed to 

read the passage, put it under their seats when finished, and then 

answer the questions. 

Set 1: Write everything you know about sugar. 

Write everything you know about how plants make food. 

Wri te everything you know about how plants and animals 

use oxygen. 

Write everything you know about leaves. 

Set 2: Write everything you know about stomates. 

Write everything you know about photosynthesis. 

Wri te everything you know about chloroplasts and 

chlorophyll. 

Write everything :you know about stored food in plants. 
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Set 3: Write everything you know about roots and stems. 

Write everything you know about how plants lose water. 

Write everything you know about energy. 

Write everything you know about the food plants make. 

b) Passage on photosynthesis (as deseri bed previously under 

Materials). 

Procedure: Each subject was given a copy of the passage to read and a 

test booklet. They were instructed to read the passage silently, put it 

under their chair when finished, and answer the questions in the 

booklets. They were told not to worry about spelling and that it was 

important to do the best they could. 

Results: The recalls for each question were listed. They may be used 

to write alternatives for test items. 

Subject 

4 

5 

Recalls 

Write everything you know about sugar. 

Plants use sugar for food; if make too much, turn it into 

starch. 

Made from photosynthesis; it's plant's food; if make too 

much, it's turned into starch and stored in roots. 



Subject 

7 

12 

16 

17 

19 

20 

21 

4 

113 

Recalls 

Sweet; white is processed from sugar cane; brown sugar is 

processed from sugar cane, but less so; bee's honey is a 

type of sugar they live off; some plants make kinds of 

sugar and survive off of it. 

Made by plant; plant gets sun's energy and makes sugar, 

sugar tuns into starch. 

Made by green plants wi th sunlight, carbon dioxide, 

chlorophyll, oxygen and water; this is photosynthesis. 

Helps feed plant; food is stored; stomates let carbon 

dioxide in; then energy is released. 

Made by plants; gives animals high blood pressure. 

Tastes good. 

Write everything you know about how plants make food. 

Use gases and water to make food; process of making food 

called photosynthesis; oxygen in through stomates; get 

nutrients from water and with some other things make 

chlorophyll; chlorophyll: green pigment that makes leaf 

green. 



Subject 

5 

7 

12 

16 

17 

19 

20 

21 

4 
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Recalls 

Make food in leaves; sunlight taken in from stomates and 

turned into energy; photosynthesis turns energy into sugar 

and sends it allover plant. 

Plants collect air and other gases to make sugar to live 

off. 

When plants pass one season they store food; store food on 

roots; make part of food with sun's energy. 

Making food called photosynthesis with sunlight, carbon 

dioxide, oxygen, chlorophyll and water. 

Make food by its chloroplasts. 

Take air and water and make sugar for food. 

Plant seed, water it, take care of it, be nice to it so it 

will grow food. 

Plants make food when you plant a seed, let it grow, give 

it water. 

Write everything you know about how plants and animals use 

oxygen. 

Plants use oxygen to break down food; animals use oxygen to 

breathe, it's needed by brain and blood. 



Subjects 

5 

7 

12 

16 

17 

19 

20 

21 

4 
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Recalls 

Need to survive; plants use oxygen in photosynthesis; then 

they give it to animals. 

Oxygen goes in through pores or they breathe and use it to 

stay alive; plants store it and makes sugar from it. 

To store and produce food; oxygen is mixed with sun IS 

energy; helps make and store food in roots. 

Plants use oxygen to make food; animals use it to breathe. 

Both use it to stay healthy; oxygen goes in through 

stomates so plants can live. 

Plants use oxygen to make their food; animals use it to 

breathe. 

Write everything you know about leaves. 

Have pores called stomates; water and oxygen go out through 

stomates; green pigment is chlorophyll. 



Subject 

5 

7 

12 

16 

17 

19 

20 
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Recalls 

Green; makes food; slit like openings called stomates; 

stomates surrounded by guard cells; guard cells bend 

outwar.d to let in sun and water; water loss through leaf is 

transpiration; guard cells shrink and cover stomates, 

preventing water loss. 

Collect light and other gases to make food for plant; air 

goes into leaf through pores; guard cells around pores make 

leaf bend and grow; air in plant is stored in storage 

place. 

Stomates on leaves are like pores; stomates come out on 

leaves. 

Store energy for tree with stomates and guards; when guards 

are big, stomates open to let in air and gases and water 

out; if too much water goes out, plant can die; if so much 

water goes out, guards shrivel and stomates open and no 

more water goes out. 

Have stomates and guard cells; store food in them if some 

left over. 

Have stomates; need energy; falloff in fall. 

Slits let air in and help leaves to live. 



Subject 

21 

117 

Recalls 

Made by seeds; from seeds to roots; roots grow to stems, 

stems to leaves, leaves to flowers. 

Write everything you know about stomates. 

6 They hold water in little slit holes on leaf; more on back 

side than front; guard cells protect stomates; both sides 

of stomates. 

8 

10 

11 

14 

15 

22 

24 

6 

8 

10 

Pores on leaves. 

Plants have stomates; plant grows by these. 

They have open pores; where food collected; people have 

pores; pores on leaves. 

Like pores on person; little openings that in oxygen. 

Little cells in soil; help plant live. 

Open up and water comes out. 

Write everything you know about photosynthesis. 

Process of storing energy from sun in plants and using 

energy from sun to make food. 



Subject 

11 

14 

15 

Recalls 

Used to get the food growing. 

22 When plant can live through different seasons. 

24 Sugar helps feed the plants. 
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Write everything you know about chloroplasts and chlorophyll. 

6 Chloroplast: round, football-shaped object; like organs 

and heart in humans. 

8 

10 

11 

14 

15 

22 

24 

6 

All plants have roots; plants have food growing in them. 

Green; look like footballs; have tissues; cell-like. 

Write everything you know about stored food in plants. 

Roots and leaves store the food. 



Subject 

8 

10 

11 

14 

15 

22 

24 

119 

Recalls 

If enough food is stored the plant can survive more than 

one season. 

Made of energy from sun. 

Need water to get plant to grow and make food for us to 

eat. 

Store food in leaves and feed to rest of plant. 

Like radishes, carrots and some other vegetables have 

stored food and they form into different kinds of food; 

stored food turns into vegetable. 

Stored food taken in through roots and stored there until 

plant needs it, then sends enough food through stem to 

plant; plants need food and water like all living things; 

roots get food and water from soil; soil has cells that 

produce food for plant. 

Plants store food so they won I t die even though they can 

life in winter. 

Write everything you know about roots and sterns. 

part of plant that holds food of plant or flower. 



Subject 

2 

3 

9 

13 

18 

23 

25 

120 

Recalls 

Roots absorb water and minerals plant needs; stem is like 

passageway; it collects water and food; it feeds the plant. 

(Diagram: shows minerals into roots and up through stem to 

flower. ) 

Help plant grow; roots help plant grow; stem helps plant 

stay straight. 

Roots are like stems but in ground; they collect water and 

minerals; stems are above ground and are important part of 

plant. 

Roots help plant keep food for plant to eat; stems hold 

bloom, flower and leaves. 

Part of plant or tree; help plant grow and stay alive; are 

organs; they are just like heart and liver. 

Roots hold water; they hold plant from falling; stem holds 

plant's sugar; it holds plant straight. 

Roots are underground; they store food, water, energy; 

stems are thick; plants are hard to pullout because they 

won't fall over. 

Write everything you know about how plants lose water. 

Happens when root or leaves stretches in instead of cut; 

when stretches in, stomate opens and plant looses water. 



Subject 

2 

3 

9 

18 

23 

25 

2 

3 
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Recalls 

By their stomates; stomates let water and oxygen escape 

through tiny hole-like objects on leaf. (Diagram) 

Stomates feed leaf and lets out oxygen not needed. 

Through stomate ("stomack"); stomates on back of leaf; when 

stomate is open, oxygen in and water out. 

When guard cells curve out, then stomates let out moisture 

into air. 

When people dig up ground, moist ground becomes hard and 

dry. 

By water going out through stem and stomate. 

Goes out of stem and back into soil. 

Write everything you know about energy. 

It's stored in plant; plant uses sun's energy for food. 

Comes from sun; sun gives energy to make all living things 

grow; plants use energy to make food and live off of; if no 

sun, plants turn yellow and die; if too much sun, plants 

dry out and die. 



Subject 

9 

13 

18 

23 

25 

2 

3 

9 
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Recalls 

Energy is from sun; plants transfer it to us with green 

chlorophyll; chlorophyll attracts energy, then we eat it; 

that's how we get energy. 

Most important thing we have today; keeps houses warm; 

helps things run (like machines); keeps most of U.S. 

running. 

Helps you grow and have power; need energy to walk and stay 

alive; source is the sun; keeps things working like washing' 

machines, refrigerator, TV's. 

Sun gives energy for plants to grow; it gives light. 

Plants store energy and food; plants can hold energy 

through winter. 

Write everything you know about the food plants make. 

Plants make food out of food, soil and water; plants put it 

in stomates to use when hungry and thirsty. 

Makes food from sun's energy. 

Made from all the stuff around it. 

Eg:s: tomatoes, cauliflower 



Subject 

13 

18 

123 

Recalls 

Plants make a lot of food's when people feed them, plants 

make more; extra plant food goes to all animals in forest 

or.woods. 

Plants make food for people and animals; without plants we 

wouldn't be alive. 

23 . Plants make sugar, oxygen and food for some animals. 

25 Plants get food from soil; store food for winter and still 

have 1i ttle left; food goes all the way up to bud and 

flower. 



APPENDIX G 

TARGET PRIMING ACTIVITY 

Today we are going to discuss something very important to all 

living things. We are going to talk about energy. We will discuss what 

energy is, why living things need energy, and how living things get 

their energy. 

The first thing we need to understand is what energy is. Energy 

is the ability to do work. 

Let's begin by talking about some common types of energy that we 

are familiar with. Electricity is a common type of energy that all of 

us have seen and used. When we turn on a light switch, energy from 

electrici ty makes the bulb light up. Electrici ty is also the energy 

that makes vacuum cleaners and toasters work. 

Heat is another form of energy. We have all seen heat do work 

whenever we have cooked or watched someone else cook food. For example, 

changing a raw egg in to a scrambled or fried egg requires work. It is 

done by heat energy. 

Light is another form of energy, though we may not have thought 

of it in that way. Think about the light from the sun. The light 

energy from the sun can cause changes in our skin. A little bit of 

light will give some people a suntan. Too much light energy will give 

others a sunburn. These are examples of how light is energy -- light 

from the sun is performing some kind of work. 
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Another interesting thing about energy is that energy can be 

changed into different forms. For example, moving water has a lot of 

energy. If the water is trapped behind a dam, it can be released 

through special moving gears to produce electrical energy. This elec

trical energy can be changed into light energy if we use it to turn on a 

light bulb. 

As I said before, the light from the sun is a form of energy. 

The sun's energy can also be changed into other forms. For example, 

green plants change the sun's energy into food energy. This ability of 

green plants to change the sun's energy into food energy is very 

important. We will talk more about the energy found in food in a few 

minutes. 

But what about living things? I said that we were going to dis

cuss living things and why they need energy. First we need to go back 

to our definition of energy. As I said before, energy is the ability to 

do work. 

things? 

But what does work mean when we're talking about living 

Work does not necessarily mean a job when we talk about it in 

this way. Instead, work means anything that our bodies do. For 

example, our bodies breathe, which is a kind of work we do, so we need 

energy to breathe. Another type of work our bodies do is grow. And 

that requires energy. Our bodies also work when they fight off germs 

when we are sick. And that requires energy. Every time we move we need 

energy, because moving is a kind of work. You could probably think of 

other kinds of work that our bodies perform. 
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Though we've been talking about people, other animals perform 

some of the same types of work that we do, so they also need energy. 

Though we may not have thought about it, plants also need energy 

to do work. What kind of work does a plant do? Well, plants grow, and 

growing requires energy. Some plants make flowers and fruits. That 

requires energy. Plants make special chemicals inside their stems and 

leaves that help them grow. And they need energy to make those 

chemicals. 

In fact, all living things need energy to do the special kinds 

of work that keep them alive. 

Where do living organisms get their energy? Obviously, we don't 

plug ourselves into an electrical socket each morning to charge our

selves up for the day. Neither do other living things. Instead, all 

living things get their energy from food. 

To understand this process, we first need to understand what 

food is. At first, you may think that the answer to "What is food?" is 

very obvious. We are used to thinking of food as anything that we eat. 

But to understand how living things get their energy, we need to think 

about a scientific definition of food. A scientific definition of food 

is this: Food is a substance that is broken down to provide energy to a 

living organism. 

Let's see what this means by talking about some examples of 

things people eat. We would probably all agree that hamburger is ~ kind 

of food. A scientist would also agree. That's because when we eat a 

hamburger, special chemicals in our digestive system break it down into 



small parts. 
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When the hamburger is broken down by these chemicals, 

energy is released. This is the energy we need to do the kinds of work 

we talked about before. 

What about water? Is water a food? Remember, to be classified 

as a food, a substance must be able to be broken down into smaller 

parts, and mus t provide energy when this happens. We all know that 

living organisms need water to stay alive and be healthy, but that is 

not enough to classify water as a type of food. Water does not provide 

Ii ving organisms wi th any energy at all. So, just because something 

like water is necessary to stay healthy, it doesn't mean it's a food. 

Water is not a type of food. 

This definition of food applies to all living things. For 

example, when cows eat grass, the substances in their digestive systems 

can break down the grass into smaller parts. When this happens, energy 

is released. So, for cows, grass is a type of food. But is grass a 

type of food for people? No. People don't have the necessary material 

in their digestive systems to break down grass. We could eat grass, but 

we would not get any energy from it. Grass is not food for people. 

What about plants? A few minutes ago I said that plants need 

energy, too. I also said that plants change the sun's energy into food 

energy. Let's put this information together. Plants use the sun's 

energy to make sugar. The food energy they need is stored inside the 

sugar they make. When plants need energy to do the kinds of work they 

do, like grow, they break down the sugar they have produced. This re-

leases energy the plant can use. 
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This process of breaking down food to release energy has a 

special name. It is called respiration. Respiration occurs in the 

cells of living organisms. Respiration lets living organisms get energy 

from the food they take in. When food is broken down in living things, 

it takes place inside the cells of the organism. Respiration will only 

occur if oxygen is present in the cells. 

Let's discuss oxygen for a moment. We usually think of oxygen 

as the special gas that we need to breathe. But the reason we need 

oxygen is more complicated than that. We need oxygen so that .respira

tion, which is the breaking down of food, can occur. Almost all living 

things need oxygen. Not all of them have lungs like we do or gills like 

fish to get the oxygen, but almost every plant and animal has some way 

to get oxygen gas into its cells. 

There is another gas that people sometimes confuse with oxygen. 

That gas is carbon dioxide. Though both oxygen and carbon dioxide are 

gases found in the air, they perform different functions in various 

living organisms. 

Here's a review of this presentation: Energy is the ability to 

do work. Examples of energy are: the energy in moving water, electric

ity, and the energy in the light from the sun. Energy can be changed 

into different forms, which is what happens when green plants change the 

sun's energy into food energy. 

All living things need energy. 

thing that they do. 

They need energy to do every-



APPENDIX H 

TARGET PASSAGE 

The Functioning Plant 

Plants and animals must solve many of the same problems. Both 

must grow, reproduce, and respond to their environment. Both require 

energy for carrying on their activities. In this chapter you will learn 

how green plants solve some of these problems. 

Green plant cells contain some structures that are not usually 

found in animal cells. One of these structures is the chloroplast. 

Chloroplasts are green, football-shaped structures present in 

the cytoplasm. They contain a green pigment called chlorophyll. If 

cells contain chloroplasts, you can be sure the tissue came from a green 

plant. Chloroplasts are important in the food-making processes of the 

plant. 

In animals, cells are organized to form tissues and organs. 

Organs, such as the heart, stomach and lungs, perform certain functions. 

The bodies of green plants you are familiar with have three kinds of 

organs. These organs are the roots, stems, and leaves. Each of these 

organs performs functions that are important to the plant's survival. 

Have you ever had to pull up weeds? If you have, you know it is 

not always easy to remove plants from the ground. Roots firmly anchor a 

plant in the soil and keep it from falling over. However, the main 
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function of the roots is to absorb water and minerals for the plant. 

The water can then move to other parts of the plant. 

THE STRUCTURE OF A 
TYPICAL PLANT 

Plants that live for more than one season often store extra food 

in their roots. Do you eat radishes, carrots, and beets? These 

vegetables are large roots that contain stored food. If you do not pick 

them, the roots of these plants can survive through the '!linter. The 

stored food is used by the developing plant the following spring. 
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Stems are plant organs that support the leaves and the flowers 

of the plant. Stems move water and' food materials to all part of the 

plant. Some stems manufacture and store food. 

Have you ever raked leaves? If you have, you might have 

wondered what all those leaves were for. Leaves perform a very 

important function. They are the plant organs in which food is made. 

The food made in the leaves supplies the other plant organs with energy. 

Your own skin is covered with tiny openings called pores. You 

might be able to see them on the top of your hand. There are also pores 

on the surface of a green leaf. These pores are small, sli tlike 

openings called stomates. There are usually more stomates on the under 

surface of the leaf than there are on the topside. Each stomate leads 

into an air space inside the leaf. 

Each stoma te is surrounded by two cells called guard cells. 

When the guard cells bend outward, the stomate is large. Gases can then 

enter and leave the leaf through the stomate. 

THE STRUCTURE OF A STOHATE 
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Sometimes the stomates are a disadvantage to the plant. While 

the stomates are open, a large amount of water can leave the plant. 

This loss of water through the stoma tes of a leaf is called 

transpiration. A single oak tree can lose many kilograms of water in 

one day. If the plant continues to lose water, it can die. How does 

the plant control this loss of water? If the plant loses water, the 

guard cells also lose water. When the guard cells shrink, they no 

longer bend outward. The stomates close and very little water can 

escape from the plant. 

Most of the cells in the leaf contain chloroplasts. These are 

the cells in which food is manufactured. The process by which plants 

make food is photosynthesis. 

Photosynthesis 

In this life-science course, you have been studying living 

things. Living things grow, replace parts, reproduce, and respond to 

their environment. All of these activities require energy. The energy 

necessary for all of these activities comes from the sun. However, only 

green plants can make the sun's energy available to other living 

organisms. During photosynthesis, green plants capture the sun's 

energy. This energy is stored in the food made by the plant. Other 

organisms, such as animals, obtain the energy by eating plants. Without 

green plants, no energy would be available. All other living organisms 

would die. 

During photosynthesis, a green plant makes sugar by using 

sunlight, chlorophyll, carbon dioxide, and water. '~ater is taken in 
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through the roots and moves through the stem to the leaf cells. Air 

containing carbon dioxide enters the leaf through the stomates. The 

chlorophyll molecules, inside the chloroplasts, trap light energy from 

the sun. The sun's energy is used to join carbon dioxide and water to 

make sugar. The sun's energy is stored inside the sugar that the plant 

makes. No other living organism can trap the sun's energy and store it 

as food. This is why green plants are so important. 

Oxygen gas is another product of photosynthesis. Oxygen is 

needed by all living cells, including plant cells. It is used to break 

down food inside cells in order to release energy. The plant uses some 

of the oxygen itself. The rest of the oxygen is released into the air 

through the stomates. This oxygen is available for use by other 

organisms. 

Most green plants make more sugar than they need. The extra 

sugar is changed to starch and is stored in the cells of the plant. The 

plant can use this stored food for energy. The stored food is also used 

by animals that feed on green plants. The food made by green plants 

provides energy for almost all living organisms. 



APPENDIX I 

PLACEBO PRIMING ACTIVITY 

Today we are going to discuss something very important to living 

things. We will discuss special structures that are in our cells, 

called genes. We will see how genes help to determine what living 

things look like, how they grow, and how they can do the things they do. 

Let's first discuss what genes are and where they are located. 

You may remember from your lessons about cells that cells con

tain a very important structure called the nucleus. Inside the nucleus 

are special structures called chromosomes. The chromosomes look like 

threads when they're spread out. The genes we are talking about are on 

those chromosomes. In fact, that's what chromosomes are made of 

chromosomes are just made of lots of genes, all attached in a kind of 

string. 

Whenever cells divide, their chromosomes divide, too. That way 

new cells have the same kinds of chromosomes as the old cells. If the 

new cells have the same kinds of chromosomes, then they must also have 

the same genes. After all, chromosomes are just lots of genes held 

together. 

Why is it so important for all the cells in an organism to have 

the same genes? To answer that question, we must look at what genes 

are. Genes are special structures that determine what the cell does, 

and the genes also detemine how the organism grows. 
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What about the genes in people? Genes are special chemicals on 

your chromosomes that give directions to your body. Your own genes help 

determine how tall each of you will grow, what color hair and eyes you 

have, and the shapes of your noses and ears. 

Where did your genes come from? Each person's genes came from 

their parents. Each of you received half of your genes from your mother 

and the other half from your father. 

But how can you only get half from each parent? 

about that. 

Let's talk 

Al though almost every cell in a person's body contains all of 

their genes, there are special cells that contain only half of a 

person's genes. These are the egg cells formed by the female and the 

sperm cells formed by the male. Since each of these cells contains only 

half of the genes a cell needs, when the egg and sperm combine, the 

fertilized egg will then have the complete set of genes. 

Since each of you began as a fertilized egg you received half of 

your genes from your mother and half from your father. 

Bu t 1-Tha t informa tion is in the genes from your fa ther and what 

information is in the genes from your mother? It turns out that each 

parent gives you a gene for almost every trait. For example, each par

ent gives you the same number of genes that determine what color eyes 

you have. Each parent gives you a gene that determines what the shape 

of your nose will be. You received the same number of genes from each 

parent that help to determine how tall you will grow. 
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Sometimes it appears as if you've only received certain kinds of 

genes from one parent. Let's use an example. Suppose a boy has brown 

eyes. And let's suppose that his father has blue eyes, and his mother 

has brown eyes. Since the boy has brown eyes, it looks as though he 

only received his mother's genes for eye color. After all, his eyes 

aren't bluish-brown, they're only brown. But what has happened is this. 

He did get brown-eye genes from his mother and blue eye genes from his 

father. But, only the brown-eye genes are working. The boy still has 

blue-eye genes in his cells, but they don't affect his eye color when he 

also has brown-eye genes. 

Let's look at an example of how genes determine what an organism 

can do. Though we've been talking about people, other organisms also 

have genes in their cells. The genes in birds determine the shapes of 

their beaks, their size, the colors of their feathers, and the size of 

their wings. When we think of birds, we usually think of animals with 

fea thers tha t can fly. However, there are some birds that never fly. 

An example you may be familiar with is the penguin. The genes in 

penquins determine the size and shape of their wings, and the size and 

shape of their bodies. The wings that they have will not allow them to 

fly. Every time a new penguin begins from a fertilized egg, it has 

genes from its mother and genes from its father that give it those same 

wings and body. The new penguins that are hatched won't be able to fly, 

either. 

You might wonder how organisms ever change. If organisms only 

get genes from their mother and father, how can new traits ever appear? 
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Can there ever be a grasshopper that isn't green or brown? Or a ladybug 

that isn't orange or red? The answer is ~- Yes. Let's see how that can 

happen. 

Remember that when new cells are formed, a copy of the chromo

somes wi th the genes on them has to be made. This is what usually 

happens: Before a cell can divide, each chromosome needs to make an 

exact copy of itself. When this happens, the new cells that are formed 

contain identical chromosomes. Since the genes make up the chromosomes, 

the new cells have identical genes in them. 

But sometimes a mistake happens. Sometimes the new chromosomes 

are not exactly like the original ones. When this occurs, some of the 

genes in the new cells are different from the genes in the original 

cells. If this new copy that has the mistake on it is in the egg or 

sperm, then the developing organism will have a different gene than 

either of its parents. 

Here's an example. Suppose that a female ladybug is orange. 

Her gene for an orange body color will be in the eggs she produces. But 

what if a mistake occurs when the eggs are produced? What if the gene 

for body color isn't exactly the same as the female's gene, but by some 

accident, 'this new gene is for brown body color? The eggs the female 

produces will now have a gene for brown body color instead of an orange 

one. If that same type of mistake has happened in the male that mates 

wi th her, then they could produce a brown ladybug. So you see, 

organisms can change from one generation to the next. 
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Here is a summary of what we've discussed today: genes are 

special structures on the chromosomes of cells. They determine what 

cells do; genes also help determine the characteristics of living 

organisms -- what they look like, how they grow, and what they can do. 

Most living organisms receive half of their genes from their mother and 

half from their father. They have genes from both parents even though 

you may not see the genes from both parents working. Once in a while a 

mistake is made when the genes are copied. Sometimes these mistakes get 

into newly developing organisms. 



APPENDIX J 

PLACEBO PASSAGE 

Changes in Living Things 

You know that living things are found in environments where they 

can best perform their roles. You also know that if the environment 

changes, living things have three choices. They can migrate to a better 

environment, adapt to the new environment, or die. Wha t does adapt 

mean? To living things, the word adapt means the ability to live in the 

new environment. Do living things change themselves to suit the new 

environment? The answer is no. Those living things in which favorable 

changes occur, or have occurred, can live in the new environment. 

Do living things cause the changes to happen? Again, the answer 

is no. In any environment, constant changes occur accidentally in all 

living things. Most of the changes are not good. These silent changes 

make the living things less able to perform its role. Some changes are 

neither bad or good. These kinds of changes seem to interfere with the 

role of the living thing. Very few changes are actually good. However, 

they can improve the living thing's ability to carry out its role. 

If the environment begins to change, the changes that will occur 

in living things must be studied. Changes, at first considered to be 

bad for living things, can sometimes prove to be good changes. 

An excellent example of this kind of change is the peppered moth 

that is found in England. This moth is light grey and is found on a 
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tree bark of the same color. Once in a while, a change was noticed in 

some of the newborn moths. They were totally black. They didn't 

survive very long. It was easy for birds to see them against the light 

grey bark of the trees. This change was not a good one for these moths. 

In the mid-1800s a change began to occur in the peppered moth's 

environment. The surrounding region became an industrial center. The 

fuel needed to run the factories at that time was coal. The burning of 

the coal produced black smoke that left soot on the trees. Slowly the 

bark began to appear darker as more soot coated it. The environment was 

changing. The light grey moths could no longer blend in with the new 

color of the bark. These moths were easily seen by the birds. 

Meanwhile, a few black moths were born. Did they have a hard time 

surviving? No, they didn't. In the previous environment, their black 

color had been a disadvantage. They died quickly. When the environment 

began changing, what was thought to be an unfavorable change actuall~ 

helped them to survive. Their black color allowed them to blend with 

the darkened bark. Fifty years later almost all the moths were black. 

Very few were grey. 

The change in 
the coloring of 
the 'peppered moth 
is an example of 
adaptation. 



142 

The moths were not responsible for their change in color. Their 

change in color happened by accident. In the old environment, the black 

moths had difficulty in carrying out their roles. When the environment 

changed, the black moth's bad change became a good change. They were 

able to survive while most the grey moths could not. 

Industrial pollution caused 
changes in the peppered
moth population. 

What would have happened to the moths if the smoke had colored 

the bark to red? Do you think the grey and black moths would have 

survived? Against the red bark, the grey and black moths would have 

been seen easily by the birds. 
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Has anything happened to the moth population since the black 

moths became the most common kind? Yes, something has happened. The 

grey moths are back in large numbers! How did this happen? The 

environment began to change again. Tha t ' s right, it changed again. 

How? Clean-burning. fuels replaced coal. Less soot was produced. The 

bark of the trees began to grow lighter in color. 

The important thing to remember is that a change had occurred in 

certain peppered moths. This change happened by accident. The change 

caused the development of black moths. The environment had changed. 

The environmental change produced a new condition. That condition 

allowed the black poppe red moth to survive. The peppered moth did not 

change its color to fit the new envirnoment. What would have happened 

to the peppered moth if there had been on change? Today, there might 

not be any living peppered moths. 

What Causes Changes? 

All living things have a complete set of instructions in every 

cell in their bodies. Each complete set of instructions is found in the 

nucleus of the cell. The instructions are not printed words. They are 

chemical ins tructions. These chemical ins truc tions make up the 

chromosomes. Each cell follows those parts of the instructions that 

relate to its life activities. These instructions tell the cell how to 

do everything. 

When a cell reproduces by cell division, the chromosomes make a 

copy of themselves. The two new cells have a complete set of identical 

chromosomes in their nuclei. It is as if a perfect copy was made of the 
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instructions. One new cell got the original copy. The other cell got 

an identical copy. Any time cells reproduce, the process of making a 

copy of the chromosomes occurs. 

Let's pretend you are a new cell. You begin to follow the set 

of instructions in order to grow and to carry out your activities. This 

set of instructions is a copy of instructions that had already been used 

successfully. You should have no problem, right? Wrong! Sometimes 

mistakes are made in the copying process. 

Mistakes can sometimes happen by accident. These mistakes can 

produce changes. Sometimes severe mistakes can occur. The results, in 

most cases, could be very bad for living things. 

survival of living things could be slim. 

The chance for 
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INTERVENING ACTIVITY 

S TOP 

Put the material you have just read under your seat. 

Next, read and follow the directions on the next page. 
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ACTIVITY A 

In the grid below, the number 5 has been entered in the middle 

compartment. If you enter a 1 in the compartment above it, and a 9 in 

the compartment below, the sum of the vertical column will be 15. In 

the remaining six compartments, enter the numbers 2, 3, 4, 6, 7, 8 so 

that the sum of every column, vertical, horizontal, and diagonal, equals 

15. 

5 

ACTIVITY B 

In the space below, write 5-6 sentences that describe yourself. 

Tell about such things such as where you were born, things you like to 

do, places you have been, etc. 
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NEXT: Carefully read the directions on the next page. Then answer ALL 

of the questions. Remember not to look back at a page you have already 

answered. It is very important that you answer ~ of the questions. 

If you are not sure of an answer, just do the best you can when you 

choose an answer. 



APPENDIX L 

MULTIPLE CHOICE PRE AND POSTTEST 

(Print your name) 

Directions 

1. Print your name at the top of this sheet. 

2. This booklet contains a multiple choice test. It is important that 

you read each question and all the possible answers before choosing 

the answer you think is correct. There is only one correct answer 

to each question. 

3. After you answer a question, go on to the next one until you have 

answered all of the questions. Do NOT go back to any previous 

question. 

4. To mark a correct answer, put an X on the line beside it. See the 

example below: 

Valentine's Day is 

A. January 

X B. February 14 

C. July 4 

D. December 25 

If you make a mistake, erase or cross off your answer. Then mark 

the correct one. 

5. PLEASE KEEP YOUR ANSWERS COVERED! 
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(TI)* 1. Chlorophyll is found in 

A. roots. 

B. green plants. 

C. animal cells. 

D. mitochondria. 

(TE) 2. What is a main function of the roots of a plant? 

A. to absorb the soil particles surrounding them. 

M B. to absorb food for the plant. 

C. to absorb water and minerals. 

D. to absorb carbon dioxide for the plant. 

(TI) 3. Some plants live through the winter by 

*. 

A. covering themselves with thicker bark to keep 

out the cold. 

M B. absorbing enough food from the soil. 

C. storing extra food in their roots. 

D. absorbing extra water and minerals to make food. 

The following question-type labels are used: 

TE textually explicit 

TI textually implicit 

SI scriptally implicit 

PK prior knowledge, text independent 
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(TE) 4. What does a green plant use to make sugar? 

M A. fertilizer, sunlight, and water 

B. oxygen, chlorophyll, and sunlight 

C. sunlight, chlorophyll, carbon dioxide, and water 

M D. water, minerals, soil, and sunligh t 

(TI) 5. The sugar in a leaf contains 

A. water. 

B. food energy. 

C. carbon dioxide. 

D. oxygen. 

(PK) 6. Respiration is the process of 

A. losing water. 

B. breaking down food. 

C. producing food. 

D. releasing oxygen. 

(TI) 7. Carrots that are not picked 

A. provide food for the carrot plant the next 

spring. 

M B. keep absorbing more food from the soil. 

C. use up all their food during the winter. 

D. store oxygen and carbon dioxide to use the 

following spring. 
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(SI) 8. Plants need energy to 

A. make flowers. 

B. lose water. 

C. absorb water. 

D. capture light. 

(TE) 9. What is a stomate? 

A. a small, slitlike opening on a leaf 

B. a food producing structure on a leaf 

C. a place where seeds first begin to be formed 

D. a place where food energy is stored in plants 

(TI) 10. The guard cells 

A. let the sun into the leaf. 

B. cause the leaves to falloff the trees. 

C. control the movement of gas into the leaf. 

D. protect the plant from the winter's cold. 

(SI) 11. What is one kind of "work" that plants do? 

A. losing water 

B. growing bigger 

C. releasing oxygen 

D. absorbing water 

(TI) 12. Plants can change the sun's energy into 

A. light energy. 

B. food energy. 

C. electrical energy. 

D. heat energy. 



(PK) 13. Energy is 

A. the ability to do work. 

B. the absorption of water by plants. 

c. the movement of gas out of a plant. 

D. the movement of water out of a plant. 

(TE) 14. Transpiration is the 

A. loss of water through the stomates. 

B. loss of food through the stomates. 

C. movement of food through the stem. 

D. manufacturing of food in a plant. 

(TI) 15. What happens to the oxygen plants produce? 

A. Plants and animals use it to store food. 

B. Plants absorb it through the guard cells. 

C. Plants use it to produce food. 

D. Plants and animals use it to break down food. 

(TI) 16. When can water move through the stomates? 

A. When the stomates stop making food. 

B. When the plant needs more sun. 

C. When the guard cells bend outward. 

D. When there is not enough oxygen. 
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(TI) 17. Animals cannot capture light energy because they don't have 

A. cell walls. 

B. roots. 

C. stomates. 

D. chlorophyll. 



(5I) 18. During respiration 

A. plants make food using sunlight. 

B. plants take in carbon dioxide and water. 

c. plants lose water through their leaves. 

D. plants break down sugar and starch. 

(TI) 19. Plants cells with chlorophyll can 

A. convert oxygen into sugar. 

B. change light energy into food energy. 

C. capture water molecules for photosynthesis. 

D. absorb minerals from the soil. 

(TI) 20. Oxygen is used in plant cells to break down the 

A. water in the plant. 

B. chlorophyll in the plant. 

c. carbon dioxide in the plant. 

D. sugar in the plant. 

(5I) 21. Plants can use its stored food to 

A. absorb minerals. 

B. drop leaves. 

C. make flowers. 

D. capture sunlight. 

(5I) 22. The carbon dioxide that enters a leaf is a(n) 

A. oil. 

B. solid. 

C. gas. 

D. liquid. 
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(TI) 23. The energy that plants use is found in the 

M A. minerals they absorb. 

B. decaying soil around their roots. 

C. sugar they produce. 

D. carbon dioxide in the leaf. 

(TI) 24. If there were no oxygen then 

(TI) 25. Food is 

A. stomates would close up. 

B. plants and animals would not be able to use any 

food energy. 

C. plants could not capture light energy. 

D. the air would get thick and smoggy. 

M A. any material that helps organisms grow and stay 

healthy. 

B. somethhing that provides energy to living 

things • 

. ___ M___ C. anything that animals eat. 

M D. what plants absorb from the soil. 

(TI) 26. Animals are able to get the sun's energy by 

A. making starch from the foods they eat. 

B. eating chlorophyll. 

C. eating such things as carrots, beets, and 

radishes. 

D. getting enough sunshine. 
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(SI) 27. When animals replace parts and respond to· their 

environment, they 

A. use their ability to do work. 

B. require an adequate supply of sunshine. 

C. depend on a source of carbon dioxide. 

D. use the starch stored inside their cells. 

(TE) 28. Chlorophyll molecules trap 

A. light energy from the sun. 

B. plant fertilizer from the soil. 

C. carbon dioxide from the air. 

D. energy from the minerals. 

(TI) 29. Animals depend on plants because animals 

A. do not have cell walls. 

B. do not have roots. 

C. cannot carryon transpiration. 

D. cannot change light energy to food energy. 

(TE) 30. Oxygen is used inside cells to 

A. produce food in plants. 

B. produce strong roots. 

C. keep the stomates open. 

D. break down food. 
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(TI) 31. Starch is 

A. extra food that the plant stores in its cells. 

M B. stored food taken in through the roots. 

C. the pigment that gives a flower its color. 

D. the substance found inside stomates. 

(TI) 32. Plants can use starch to 

A. close stomates. 

B. capture energy. 

c. grow bigger. 

D. release oxygen. 
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STOP 

You have completed this test. 

other people are still working. 

Please turn it in very quietly since 

Begin your regular classroom assignment. 



Note: 

APPENDIX M 

PREVIOUS TEXTBOOK COVERAGE OF 

CONCEPTS RELATED TO TARGET PASSAGE 

1. "Mi tochondria are cell structures in which energy is 

released from food. The mitochondria are often called the 

powerhouses of the cell" (p.22). 

2. "The chloroplas t is found only in plant cells. 

Chloroplas ts are involved in food-making acti vi ties" 

(p.23). 

3. Living organisms require energy to grow, move and circulate 

blood. The source of this energy is food. The digestive 

system breaks down the food into small pieces that can be 

used by cells. The mitochondria release the energy from 

food (paraphrased from p.109). 

There are other related concepts presented in the subjects 1 

textbook prior to the passage about photosynthesis. 

these sections had not been read by them. 
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