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ability students ,enerally utilized their prior knowledge 

in lower-Ievel thinkin,. For exallple: 

AA1: [Hoisture cOlles] froll the soil when you water the 

plan t (AA1, 8 J 6) • Hoisture leaves the pot.... i t 

just evaporates, i t . s not there any Ilore (AA1,8, 8). 

This student expressed prior knowledge concernin, the 

source of water for the plants (AA1,B,6). It was evident 

that this knowledge lacked integration and was probably 

knowledge that comes froll first-hand experiences. 

Subsequently, this knowledge was ut; 1 ized to predict that 

the lIoisture would eventually evaporate from the pot (AA1,B, 

8). The student demonstrated the ability to comprehend the 

prior knowledge that was availab le and consequently Ilade an 

extension of this understanding by identifying that water 

wi Il eventually evaporate. This is evidence of low-leve 1 

thinking. 

Another average-ability student utilizeJ prior 

knowledge that lacked Integration in low-Ievel cognitive 

behaviors. For example: 

AAS: [the sun] can dry out the leaves fast because the 

water evaporated froll the leaves (AAS,B, 14). W'hy 

you have to water [a plant] is because water 
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evaporates fast (AA5,B,lS). 

The student understood that water evaporates from the 

leaves (AA5,B,14), but did not substantiate the clai. by 

relatin, water-loss with knowledle about the process of 

transpiration. This is prior knowledle that lacks 

inte.ration. In turn, the student asserted that because 

water evaporates from the leaves, plants have to be watered 

(AA5,B,lS). She expressed her prior knowledge in 

lower-level thinking by restatinl her prior knowledge 

without making further applications of her knowledge. 

The protocols thus revealed that the average-ability 

students in this study utilized prior knowledge that lacked 

Integration to exhibit low-Ievel thinking. This might be a 

characteristic of other average-ability students as weIl. 

Furthermore, there was also evidence that these students 

typically demonstrated low-level thinking even when they had 

relevant, well-integrated pri~r knowledge. For example: 

AAl: [Plant] grows when sunlight is cOlling aIl around it 

(AAl,A,4). If there is not lIuch [sunlight], [the 

plant] will die (AA1,A,5). 

AA4:[water] will go up the stem and go up the leaves 

(AA4,B,12). That's how leaves get fed (AA4,B,l4). 
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AA2:[plants] are able to photosynthesize (AA2,A,8) .... 

wh en they photosynthesize, their leaves turn green 

(AA2,A, 9). 

In these examples, the students clearly possesed well-

integrated knowledge that def ines the cond i t ions in which 

plants could grow (AA1, A, 4), decribes the properties of 

plants (AA4, B, 12), or defines the properties of plants 

(AA2,A,8). However, these well-integrated prior-knowledge 

statements were expressed in lower-level thinking that 

corresponded to first-hand experiences (AA1,A,5; AA2,A,9). 

In add i tion, there was also evidence of poor use of 

scientific terllinology (AA2,A,14) . 

In summary, analyses of students protocols revealed 

that high-ability students were lIore able to utilize their 

prior knowledge in dellonstrat ing higher-} eve 1 thinking. The 

average-ability students, regardless 01 the nature of their 

prior knowledge, were unable to effectively utilize their 

prior knowledge to demonstrate higher-level thinking 

processes. 
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CHAPTER 8 

Su.mary and Iaplications 

The objective of this study wal to investi,_te hov 

prior knovled,e was utillzed by hi,h-ability and avera,e

ability students to make predictions. Specifically, a 

comparison vas made betveen the two ,roups of students in 

the context of science problea-solvin,. In addition, three 

science lessons that focu.ed on teachin. students how to 

aeeeS8 and utilize prior knowled,e vere implemented. 

Student. vere ,iven two problea-solvine scenariol, one 

before and one alter these lessons. The utilization of 

prior knovled,e durin. the two problea-solvin, scenarios was -
compared. The ,oal of thi. comparison was to investi,ate 

whether effective problea-solvin, s~illa can be acquired. 

Students of both ability groups met with the 

experiaenter individually. They were each 'iven a problem

solvin, scenario to consider; their "think aloud" protocols 

were audiotaped. Subsequently, ail the students attended a 

aixed-ability class; it was intended that a teacher would 

deliver three science lessons that eaphasized the aecessin, 

and utilization of prior knowled,e in problem-solvin, 

aetivites. The experimenter observed these lessons and 

audiotaped the teacher-student discourse. Followin., the 

hi.h-ability and average-ability students vere then 'iven 

another problea-solvin, to eonsider and their respon.es vere 
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audiotaped. In addition, the students Mere also interviewed 

~y the experimenter after each of the proble~ "solvin, 

scenarios in order to ,ain information about students" 

sources of prior knoMled.e and underatandin. of knowled.e 

utilization. The methodolo,y used in this study 

incorporated qualitative and quantitative analvses of 

etudent~' verbal protocole ,athered durin, the problem

solvinl scenarios, interviews with students and 

teacher-student discourse durin, the science lessons. 

The utilization of prior knowledle in the prediction

makin, process was qualified usin, two measures. The 

level of integration of prior knowledge Mas first 

established to provide information about the way in which 

the two ,roups of studente or,anized their prior knowled,e. 

The level of thinkin, exhibited durin. the process of 

makin, predictions was subsequently identified. Examinin, 

the relationship between these two measures aided the 

understandin, ot how prior knowled,e, or.anized at different 

levels of integration, was differentially utilized by the 

two ,roups of students durin, the prediction-makin, process. 

Boyults and Conolusions 

The results or this study revealed that the science 

lessons alerted students to the importance of accessi~, 

prior knoMledle durinl problem-solvinl situations. ~he 

les80ns, however, Mere not successful in demonstratin, how 
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prior knowled,e could be utilized. The shortcomin.s of the 

lessons may have been a result of not providin. the teacher 

with sufficient train in. prior to her delivery ot the 

science lessons. 

Resulta of the two problem-aolvinc scenarios also 

sug,ested that hi,h-ability students posseased well

integrated prior knowledge, while the avera,e-ability 

atudants typically possassed prior knowled,. that was not as 

well-inte,ratad as their hi,h-ability counterparts. Thar. 

was soma indication that well-inte,rated prior knowled,e 

amon, high-ability students was associated with their broad 

ropertoire for acquirin, information and knawledge. 

The high-ability students in this study displayed 

more instances of higher-level thinkin', in contrast with 

the avarBge-~bility students who fraquently displayed 

lower-Ievel thinking behaviors. In addition, the high

ability students, when com~ared with the avera.e-ability 

students, showed more sophistieated use of th.ir prior 

knowled,e in executin. hi,her-level thinkin, prooasses. 

Implications of the Studx 

Analysis of the avera,e-ability students' response. 

indicated that they were less able, when campared with 

high-ability students, to organize their knowledge in a 

well-inte,rated Danner. Beyer (1984) suggested that 

average-ability students lacked the necessary skills to 
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establish relationships between ideas. Further research is 

necded to identify the cognitive and metacognitive processes 

by which students construct linkages between related ldea. 

and knowledge. Comparative research with this focus can 

attempt to idenlify the processes that are characteristic of 

high-ability performance and learning. so that these 

processes can be made explicit in enrichment curriculum. 

Stu~ents' protocols also suggested that the 

high-ability students were more successful in utilizing 

their prior knowledge ta display higher-level thinking. It 

was also apparent. in the protocols. that high-level 

thinking was often associated with the utilization of well-

integrated knowledge. On the contrary. average-ability 

students, ~ho were less capable of higher-level thinking, 

were lnable to do so even whe~ they possessed well-

integrated knowledge. This leads to the speculation that 

average-ability students cannot readily retrieve and utilize 

their well-integrated knowledge, suggesting that they may 

not be aware of the integration of their knowledge. Further 

research is necessary to explore students' underst~nding of 

the their knowledge structure. It is also important to 

examine how such an understanding can facilitate the 

utilization of one's prior knowledge. 

The results of this study suggest that it may be 

beneficial to provide students with enrichment that 

emphasizes extensive integration and organization of one's 
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knowled,e durin, learnin, situations. In or,anizln, 

knowled,e hierarchically by relatin, specifie knowled,e 

with ,eneral knowled.e, the utilization of prior knowled,e 

in problem-solving situations can be lacilitated (Reif, 

1980; Reit • Helier, 1982). Hi.h-ability studentl will be 

expected to develop aore eftective utilization of their 

prior knowledge with an enrichaent tocui as such. In 

particular, the need to establish integration and 

or,anization of knowledge ia au,mented amon, avera,e-ability 

students, since they typically lacked such skilla. 

It i8 a1so important to examine the effects of 

explicitlY teaching students skills and processes that are 

crucial for successful problem-solvin,. This study failed 

to demonstrate that such instruction is beneficial to high

ability and average-Bbility students, but the belief that 

using questionin, techniques appropriately can stimulate 

hi,her-Ievel thinkinl iE prevalent (Blo08, 1976; Nasca, 

1983; Redfield' Rousseau, 1981; and Taba, 1971). Further 

studies to look at the effeots ot teachin. problea-solvin, 

skills should include adequate training tor the teacher, so 

that accurate delivery of the teachin, objectives can be 

assured. In addition, the treataent should be conducted 

over an extended period of time, so that students' transfer 

of learnin, can be facilitated. 

In summary, this study provided some indication that 

hi,h-ability students behave ditferently from avera,e-
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ability students when the, utilize prior knowled.e to .ak. 

predictions durin, problea-solvin, situations. The way in 

which prior knowled.e i. used i9 associated with the lev.l 

of Integration of the prior knovled.e and the students' 

ability levai, 
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Appendix A 

First Problem-Solyin, Scenario 

This is a plant that was placed inside a cardboard 

box. AlI the sides of the box are opague. There are two 

openings, one on the 1eft side and one on the right side. 

Sunlight can only enter these openings. How do you think 

the plant would grow? What do you think the plant will look 

1ike after being kept in the box for a long time? 

n ... 
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Appendix B 

Second Problem-Solving Scenario 

This is a plant that has been watered. A plastic bag 

covered the entire pot and is tied tightly at the base 

of the stem. AlI the leaves and branches are not covered by 

the plastie bag. The entire plant, including the pot, the 

soil and the plastic bag weighs about five pounds now. If 

you leave this plant in the open for a few weeks, how much du 

you think it would weigh? Would it be more? or less? or 

just the same? 
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S •• ple of Verbal Prgtocol gf a High-Ability Student 

HA3: The plant is in a box and the li,ht coaes thro08h 

here. 0.1. the plant usua11y... 08ua1ly it will tr7 

and aro. to.ard the 1ight co.ina in. 

Exp(Experimenter): O.K. You said that the plants usually 

grow toward where the light i. ooming in. How do VOU 

know that? 

HA3: Last year in our science class we had a study on 

plants, about soil, mineraIs and chlorophyll and 

everything that went on to help the plants ,row. 

Exp: l see. And what does mineraI have to do wi th the light 

source? 

HA3: WeIl the mineraIs, they come from the light source. 

Lika, the light comes in and then chan,ad by the plant 

into soma sort of mineraIs that thay like. 

Exp: And wht about chlorophyll? 

HA3: The chlorophyll i8 also made by the li,ht and it makes 

the leaves green. 

Exp: O.K. 

HA3: It need the light to grolr. Snnlight helps Irith the, 

uh, 1 lorget the Irord. Bot it helps Irith the leaves 

and that. The leaves have chlorophyll on it, so 

they·re green. Sunlight helps the chlorophyll and 

turns the leaves green. 
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Exp: You talk about the chlorophyll making the leaves 

green. How do you know that? Mhere did you learn that 

from? 

HA3: Yes, we had some tests on itj the plant structure and 

that, and what helps the plant and what makes the 

leaves turn green. 

Exp: Where did you learn that? 

HA3: WeIl in grade three. 1 think it was, we also did some

thin, like this. We put a plant, hid it in a box for 

about two weeks with a light source at the top and the 

plant turned toward the light source. 

Exp: Oh, O.K. The light source was on the top sa the plant 

just grew toward the ... 

HA3: Yes, it was in the corner here. Like the box was like 

this (tracing the boundaries of the box) and it was in 

the top right corner. 50 we put the plant here and 

then it started ta grow toward the light source. 

Exp: 

HA3: 

Exp: 

HA3: 

Oh, O.K. 

Fra. light source, like, it gets .ost of its energy. 

You mentioned something about energy. What were you 

referring to? 

WeIl the sun helps it grow because it makes the salt 

and mineraIs. And the mineraIs are what basically what 

the plant needs to live. And that's like its ener.y. 

Exp: O.K. Mhere did you learn that? 
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HA3: U., l don't know exactly when. Like it's mostly expe

rience in different ,rades and that that l've learned 

it. 

Exp: Can you tell me a bit Dore? Give me some examples of 

the experienc~ you ve had? 

HA3: WeIl, like 1 said, the box that we did in grade three. 

Exp: 

B~: 

The light. Ne left it. lt was just ri,ht under the 

light source. Like the top of it had grown straight. 

Until it got ta the top and then it started curlin, 

over ta the li,ht source at the top of the stem. And 

that's what happened there. And when we lifted up the 

box, the botta. leaves were a bit brown because they 

hadn't been getting a lot of sunlight but the top ones 

were really green. Because they were gettina a lot of 

sunlight. 

O.K. 

Can you think of anything else at aIl? lould you care 

to explain? At the beginnin, you aaid that plant will 

grow towards the light. There were two light sources 

here. 

HA3: It'll grow usuall, towards the larger one. 

Exp: O.K. Why would the plant grow towards the larger open

ing? 

HA3: Because it will ,ive it Dore sunlight. It will live it 

Dore chance for ,etting the mineraIs it needs to live 
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because of the bigger the 1 ight source coming in. SA 

it's more energy given. 

Exp: Are you saying that if there were two light sources, 

one's larger and one's smaller, these light sources 

will compete with each other. The larger one will 

attract the plant Dore. 

HA3: Yeso 

Exp: Can you describe ta me how the plant wi Il ,row? 

HA3: Yes, weIl it starts off ... Like when it's sma11, like 

you said, it will '0 towards the big,er one because it 

will really need a lot of light. But then when it gets 

aIder it will tend SOTt of like turn away from it and 

go towards the amaller one. 

Exp: O.K. When you said the plant is aIder, what do you 

Dean? 

HA3: When it's been growing longer. Like the more it's 

grown. Like after you've just planted it and it just 

started growing. Like i t' s going ta tend ta turn 

towards the big light source because i t can' t really 

get to this one. 8ecause i t . s really far away. When i t 

first starts off. Sa it 's really a weak li,ht sa you 

can't really tell that it·s there, sort of. It's like 

lookin, up uh, in the dark or something, on the beacon 

of a building. And if there's a light, say, aIl the 

fA oors were gone, there was a light at the top, and 
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then there was a light at the side by the door, you' re 

going to see the light from the side of the door more 

than you' re going to see the light at the top of that 

high storied building. 

Exp: Oh, O.K. And you think that the plant is naturally 

attracted to the larger one. 

HA3: Yes, when it first lights up. 

Exp: O.K. 

Bxp: It'll bend towards the light. 

H&3: WeIl, it will get to the light, actual17, .hen it 

starts growing out. 

Bxp: It would get out of the box? 

H&3: Yeh. 

Exp: What makes you think that the plant if going ta get 

out of the box? 

HA3: WeIl, it's going to try to at least. 8eoause once it 

gets out of the box, it's going to get as auch light 

as it needs aIl the time. And it won't have ta count 

on the little hales that are in the box. 

Exp: Have you learned that trom somewhere else? ls there 

any experience that you've had with plants that tells 

you this? 

HA3: Yes. Once, in grade three, like we did this a couple 

of times. And it was a really large hole. Like about 

this big. About a couple of inohes, and we planted it 

~-- -----
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o and tl~ J Y wi thin a week i t had grown out of the box. 

... .. 

Exp: Um, UID. 

Exp: What about the top of the plant? What would happen to 

this part of the plant if it is going ta grow out of 

the box? 

HA3: WeIl, if it vas in this stage it would groM towards 

the top of this box, cause it's bigger, and you canOt 

Bxp: 

HA3: 

Bxp: 

really. like it would droop aIl the vay down. Like if 

it ws saaller, then it would grow out, like that. But 

if it' s this size. it could bend aIl the May dovn, so 

it will probably be aore attracted to the larger light 

source. 

Cao you tell .e a little bit .ore? If it"s growing, 

vhat do you think the shape is going t.o be like? 

Ua, "hat do ~ou .ean? 

Like you said, part of it is gain, to ,row ta the left 

and soae of i t is going to groM ta the right. Can you 

tsll .e what shape you think the plant will be? 

HA3: 1 think it will be in a regular shape. Soae leaves 

viII be out. soae leaves will be in ... 

Exp: O.K. Earlier you said some leaves are going to be out. 

You're referring to this left side of the plant where 

the larger light sources. What do you mean that some 

leaves are going to be out? 

HA3: ~ell, if there's a stem straight and the leaves on 
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HA3: 

Exp: 

HA3: 
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this side are going to tend to be in more and the 

leavp,s on this side are going to want to stretch 

towards the 1 ight source. Even the ones on this s ide 

might want ta wrap around the stem and go for its 

1 ight sources. 

O.K. Do you think the leaves will grow bigger? 

Yes, will tend to because they're getting a lot more 

l ight than the ones that are on this s ide. 

How do you know that with sunlight the leaves would be 

bigger? 

WeIl, the sunlight helps the entire plant grow. And 

it's just a matter of time before you're going te see 

a d ifference. 

Exp: 0 . K. l remember ear lier J you said, in your grade three 

experience, when the plant and the leaves at the bot

tom of the box, the leaves are brown. 

HA3: Yes. 

Exp: Can you in some way relate the two comments that you 

make? The tact that wi thou t sun l ight the leaves are 

going to be brown, and with sunlight the leaves are 

going to be bigger. 

HA3: WeIl, the sunlight helps make the chlorophyll that 

keeps the leaves green and the chlorophyll also helps 

the leaves grow. 

Exp: O.K. 
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HA3: l\nd so, also some of the mineraIs that are in the 

plant. 

Exp: Did l'OU learn that from somewhere? 

HA3: Yes, from science last year. 

Exp: O.K. 

HA3: And so the leaves are going to tend to get bigger 

because they're getting more sunlight which means min-

erals and more chlorophyll to keep them gaing. Whereas 

the holes at the top of the box, the leaves would 

still be pretty small but the ones as you went uP. the 

leaves would be bigger and greener than the ones at 

the hottom. 

Exp: If the light source is in it. 

HA3: Yeso 

Exp: O.K. 

HA3: The stea, maybe, bend a little toward the light 

sources, both of the.. 50 this part might be like 

this (indicating that the ste. will curve toward the 

right slit) and this part over there (stem curving 

toward the left slit). 

B~p: 1 see. Vell Just to give me a pictura, do you think 

you could draw a picture of what it would be like over 

a period of ti.e? 

HA3: O.K. Vith the light source here (pointing to the 

right). WeIl, part of it will go over to hers. And 
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then, there's another light source up there and it's 

considerably bigger. It will continuously groM toward 

it, but not bending so much. The leaves will still 

stay here. 

Exp: You said that there's a light source that's comin« in. 

The leaves will still stay here. 

HA3: Yeso Right! What l meant there that the leaves, the 

bot tom leaves are going to stay like level with the 

hole in here and not want to reach upwards towards 

this. 

Exp: Yeah. 

HA3: Up until about the half-way point. Then the leaves 

will start turning towards the smaller light source. 

Exp: Oh, O.K. 

HA3: It aight then start up towards the other lillbt source 

(the top one). 1 t has to groM. 1 t has to keep growing 

so it's going to go this way. 

Exp: Good! 0.1. Can you think of anything else to tell .e? 

About this picture? 

HA3: Ho, no more. 

1 . ________________ _ 
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Sample 01 Verbal Protoc:ol 01 an Average-Ability Student 

AA4: The leaves are in the middle here. 

Exp: Yeso 

AA4: That aren·t getting any light. They will die or faII 

o1'f. 

Exp: Yes ••• 

Exp: O.K. 50 you, here you Just said that the leaves don't 

get light. That it's going to die or fall off. How did 

you know that? 

AA4: From experience. From the plants in my house. 

Exp: O.K. Can you tell me a bit more? What happened to the 

plants in your house? 

AA4: Like some are in a dark spot, they don' t ;et that muc:h 

light so they die. 

Exp: 1 see. O.K. Is there anywhere else that Vou c:ould have 

got ten that in forma tion? 

AA4: Information from books. 

Exp: Could you tell me from what books? 

AA4: From sc: ienc:e books. No not rea Il y. 

Exp: Is it books that you saw and read in school. 

AA4: Yeso 

Exp: Are they books that you read in c:lass? 

AA4: No. 1 just read them in the library, these sc:ienc:e 

bOl')ks. 
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Exp: Oh, a science book from the schoel library. O.K. Did 

you learn about the plants in science class? 

AA4: Yeso 

Exp: O.K. We'll go on and see what else you say. 

AA4: And if the plant doesn't get any water. it will just 

die. 

Exp: O.K. You mentioned something about water, saying that 

it would die. How does water relate te plant's growth? 

AA4: We Il, i t gi vas i t mineraIs and j ust feeds them. 

Exp: The water would feed the plants minerals and is the 

food for plants. 

AA4: Yeso 

Exp: About water giving mineraIs to plants. "here did you 

Iearn that? Do you remember? 

AA4: Last year. Hr. Law's science class. 

Exp: Ah, O.K. He talked about water supplying the mineraIs 

to plants. 

Bxp: You can assume that it's going to be watered ragolarl,.. 

AA4: Yeso 

Bxp: Yeso Can "OU think of something else? 

AA4: WeIl. The leaves that are getting light will sta,. 

green ..• 

Exp: O.K. You said that leaves that get light are aoin, to 

stay green. Can you elaborate on that? Why would leavas 

stay green when thay get 1 ight? 
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AA4: Because the sunshine gives it the chlorophyll. Sunlight 

will give chlorophyll. 

Exp: O.K. 

AA4: The light keeps it going or something. 

Exp: l see. So it will stay green. Where did you Iearn 

that? 

AA4: Hr. Law's. 

Exp: In science class last year. Grade seven? O.K. 

AA4: And once they aren't getting any light, will change 

colour, turn brown or just be plain white. 

Exp: So when 1 asked you about leaves staying green, you 

said sODething about chlorophyll. And then later on 

when you said, "The leaves that don' t get light is 

going to turn brown". Ooes chlorophyll have something 

to do with it too? Can you tell Ile how? 

AA4: Without chlorophyll it kind of dies or just pulls away. 

It just dries up. 

Exp: Yes, O.K. And where did you learn that? 

AA4: Hr. Law's, too. Hostly in Hr. Law's science class. 

Exp: 1 see. O. K . 
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Summary of Verbal PrgtQcols 

Included in this appendix are the summary of protocols 

of each student for the two problem-solving scenarios. The 

four columns, respectively, represent predictive statements, 

explanation statements. coding of statements usin' Bloom's 

taxonomy, and coding of statements using Langer's 

categories. 

Classification of each statement usin, BIoom's 

taxonomy is represented by a numerical code. The 

correspondence is as follows: "1" represents knowledge 

level. "2" represents cOllprehension level, "3" represents 

application level. "4" represents analysis level, "5" 

represents synthesis leveI, and "s" represents evaluation 

level. 

Classification of each statement using Lan,er's scheme 

is presented as follows: "L" refers to statements that 

lacked integration, "S" refers to statements that showed 

some degree of integration, and "H" refers to well-

integrated statements. 
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l ",ould say that [th. pl.nt] (th. pl.nt.] "111 t.k. th. 
",ould "'.1;1'1 1.s. (35) .at.,. and so,.t of .".po,..t.s 
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f"olll the 1 ...... (3é) 5 '" 



o 

usuallv Ca plant] .. 111 trv 
to 9,.0111 to",a,.a th. 119ht 
cOlllln9 ln (21 

Plant. n •• d the 119ht to 
9,.0", (11. F,.c.", th. Il.;ht 
.OU,.C. lt 9.ts ",o.t of lt. 
.n."9v (111 

Sun119ht h.lps th. 
chlo,.ophvl and tu,.n. th. 
l.a.., •• 9" •• n (91 

CPlants] 9"0'" towa,.d. th. 
la"9." 119ht soU"C. (lb) 

1 t "'Ill 9.t ta th. 119ht, 
",h.n Cth. plant] .ta"t. 
9,.0",ln9 out of th. bo. (22) 

Th. top of th. plant cannot 
b.nd ail th. ".1' do"'n, sa lt 
"'Ill p"obablv b. att"act.d 
to th. 119ht .ourc. b.Sld •• 
lt (211. Th. st.'" "'av b.nd 
a Ilttl. to .. a"ds th. 11.;ht 
'OU,.c., both of th.'" (3b 1 

Th. l.a..,.s Cn •• r th. 
op.nln9] "'111 tend to .;rOIll 
b19Q." (301 

[lIIln.,..I.] co"'. f,.o", th. 
Il.;,,t .Ou,.c. \ 3) 1 
th. 119"t co"' •• ln .nd lh.n 
Ch.n9.d bV th. plant lnto 
.0 .... so"t of "'ln.,.al. th.t 
they llk. (4) 5 
chlo"ophvl lS .1.0 kaa. by 
the 119ht and lt "'ak •• th. 
I •• ..,.s 9,. •• n (61 1 

The sun lIIak.s th. s.l t and 
lun.,..l. (121 1 
l'Iln.,..I. a,.. ba.lc.llv ",hat 
th. pl.nt. n •• d to Il..,. (131 1 

Th. I.a.., •• h • ..,. thlorophyl 
on lt, .0 th.y .,. • .;,.-•• n (10) 1 

[th. 1."9." 119ht .ourc.] 
111111 ;1"'. [th. plant] "'0". 
ch.nce. for qllPttlnq "'ln.,.al. 
lt n.ed (181 4 
Wh.n C. plant] u .",.11 lt 
Will ;,.0'" to ... ,.d. th. bl;Q." 
Cll.;ht .ourc.] b.caus. lt "'Ill 
" •• 11l' n •• a • lot of llQhl. 
Wh.n lt ;.t. old.,., lt "'111 
;"c;;,,,, to",.,.d. th •• ",.11.,. on. 
(191 4 

B.c au •• onc. 1 t 9.t. out of 
th. bo., lt 1. 901n.; to 9.t 
•• IllUth 11qht •• lt n •• d. aIl 
th. hm. (23) 

Th. 1 •• .., •• on Cth. I.tt .1d.] 
.r. 901n; to ... nt ta .tretch 
to .... "d. th. l'9ht .ource Con 
th. 1eft] (291 
Up unhl th. h.lf ".V pOint, 
th.n the l.a.., •• "'111 st.rt 
turnln; tow.,.-d. th. 119ht 
.ou"ce on th. rlQht (311 
(Th. pl.nt] h •• to 9"-0... It 
h •• to keep .;rO"'1"9 th, • 
.. av (3BI 

CTh. lea..,e. n •• r th. openln9] 
.". ;.t hn9 • lot "'0". l1;"t 
(31 ) 
SunllQht h.lps ",ak. th. 
th10rophl'l .... hlCh h.p1. th. 
1 •• " •• ;"0'" (32) 
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HA3- secong p,.obl.m-,olvlng ,çen."lO 

Pr.dlctl"' •• t.t.m.nt. 
1 

Th. pl.l"lt lS 901n9 to ".191'1 
con.ld.,..bly 1 ••• (1) 

Th .... t." 1. 901n9 to b. 
.VApo,..t.d ln'ld. th. b.; 
(5) .nd th. pl.nt u gOll"l; 
to u •• up th .... t.,. .0 1 t 
"111 g"o" (6) 

Th. pl.nt .. ould ... l;h 1 ••• 
b.c.us. of th •• vapo,..t.d 
... t.,. (13) 

Th .... t.,. 11"1 th. pot l' ;011"1; 
ta th. I.Av •• (2) 5 
Th. pl.nt l' geln; ta u •• th • 
... t." f"om th •• 011 (3) 5 
Th. "oot. .". gOln9 to u.e 
[th .... t.,,] up fo" th. plAnt 
no"mAI Q"o .. th (4) 3 
Th. pl.nt n •• d, ... t.,. (5) 1 

Wh.1"I 1 t , hot, [th .... t.,.] 
..111 .v.po".t. ln'ld. the b.; 
(1) .. 
Wh." lt .v.l"ltu.llv cool. do .. n 
lt .. 111 QO b.ck lnto th. pot. 
In U,.t ... v th. plAnt 00111 
u •• lt And th.n .. hAt.",V.,. 1. 
not u,.d .. 111 .v.po".t.onto 
th. b.; And .0 on. Th. eycl. 1. ".p •• t.d (B) 5 
[A plAnt] n •• d, ... t." to k •• p 
th •• t.m And th. 1 •• ", •• mOl.t 
(~) 1 
Th. "oot, [Ab,o,.b ... te,,] .t 
th. bot tom, th.n 1 t go., up 
to th. ,tem. lt br.Ak ..... y 
lnto dlf4.,..nt I •• v •• (10) .. 

...t.,. .V".pO,.At., from th. 
'u"fAC. of the 1 •• " •• (14) 5 
If th.,.. l' no b.g A"ound lt, 
then mo,t of th .... t •• ,., .ven 
b.fo,.. lt liI.ts to t1"'l. pl.nt, 
lS 901n9 to .".PO"At. (15) 6 
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PA,-tS ~ [th. pl.nt] a 
sho.ln9 .hAd •• of 11qht (2) 

[Th. pl.nt] .111 I!v.ntu.lly 
• tA,-t 9'-0.lnq tow.,-d •• h.,-. 
lt .ould b. q.tt1nq th. most 
l1qht (7) 

1 thl"k (th. pl.nt] .111 
t,-y to g.t out of th. hole 
0" th. top (23) 

[Th .. pl.nt] .111 b.nd 
tO.A,-d. th .. lA'-qest [llght 
sou,-e.] flrst (30) 

[Th. pl.nt] mAy Q'-Ow to •• ,-ds 
th. [sm.ll] ho1., And th.n 
lt .111 b. 10pSld.d (3b) 

129 

Vou could SAy 1t lS '-•• ctlon 
(3) 3 
w. h.d to d,- • .., 
l1taht.r spots. 
Il'ilht.,- ShAd •• 
.hAd. ,,) 

dArk.,- ."d 
Fl,-.t • 

th." • d.rk.,-

[th. I.Av •• "'1 th 11ght.,
shAd.] .111 g,-o •• fflC1.ntly • 
[Th. 1.Av.s .1th dA,-ke,- .h.d. 
.111] prObAbly dl. (10) 
It 1. nAtu'-AI fo,- A pl.nt [to 
dl.] 1f lt do •• n th.",. th. 
qUAlltl •• l1k ••• t.,-, sun 
11I;ht (11) 

R1'i1ht no. som. of th. 1 •• v •• 
h.v. (.At.,- And !iunllghtl. !i0 
lt ..,o,,'t dl. (14) 

plAnt. n •• d •• t.r, 11ght And 
t.mp.'-Atur.; 1f lt do.sn t 
hAve 0". of thos. lt would 
nAtur.lly t,-y to q .. t .fter lt 

3 

4 

4 

(2') 2 

[Th. plAnt] h •• to .ur"'lv" 
And 90 AH.,-,- th. 11ght (JI) 5 
The more llght th. l' l.n t hA •• 
th. b.tter And long.'-'- 111. 
1 th •• (331 6 
[A pl."t] wl11 .ventu.lly dl. 
ln th. dArk (34) 4 
[Th •• "'Al1er I1Qht sourc .. ] 1. 
not dOlnq 1 t. b .. st. 1 t l!i not 
fe.dl"q [the plAnt] .nouQh 
ll'i1ht. [The I.,-qe,- on.] 1S 
r.Ally Qlvlnq lt ",or. I1Qht. 
Ie.ep lt Allv. lonq." (3!1) 4 

b.eAU •• [A pl.nt] n .... d sun 
Ilqht to q,-o..,. If lt dO.!i 
not h.ve sunllght, th.n lt 
.111 dl. (37) 5 

l. 

l. 

l. 

s 

.. 
5 

5 

s 

s 

.. 



c 

( " 

-" 

( 

1 thlnk [th. pl.nt] ... oula 
"'.19h 1 .. 1 (1) 

(Th. phnt] ... 111 Itlll ca,.o ... 
beclu~e the bl; ~I It t~e 
bottom of the plant Ind tllfd 
tlljlMly (12) 

The helt 00111 eventuillv 
klll th. pllnt (291. a.fore 
tht, ~t WIll s"'''l".1 up • 
blt b.elu ... 0" leek of .. et.,. 
(301 

130 

• 
Whe" you put ... It.,. ln th. 
.011, lt .... t.,.loc". and .. 1 te" 
m."e. [the plant] heavl." (4) 3 
[the '011] lockl the wlt.,. 
up (6) 3 
(th. pllnt] hlS .Iten th. 
wate" (81 • 
[Th. ,.oot.) luckl the Wlt.,. 
f,.o", th. 1011 (q) 

[Wat.,.] 00.' to the 1.lv.s 
and lt , p'-Obably evaporlt.d 
f,.o", th. ~un (10) !I 

The pll'he blq h.lp. th. 
... Ite,- .vlporlt. (14) 
The pl.,tJ.c blO; 11 in,ulltJ.nq 
to "'Ike lt hotte,. ln.ld •• 
Wlte" "111 eVIPo".te Ind then 
lt ... 111 tu"n t"om ... at." VI po,. 
to .. et.,. eond.nllnq on the 
.lde. of the blq (16) 
( .... te,,] conden'If' Ind fill. 
Ilono; th •• do;e. of the bAO 
0" lt "'IY go r'lOht dOwn to 
the .a,.th. 1 t WIll go und .... -
neath thlt pot Ind (t~e plAnt l 
"li! use 1 t (231 

a,'cau •• Of th. tunllQht, 
.~apO,..tlng .11 th. wlt.,. 
(31) 
Pltopl. wet.,. th. plant. e lot 
(321 
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[ tnlnk tn. plant w111 dl. 
(11 

[th. plant] wlll p~ooaOlv 
dl. ~Iowly. lt Ju.t wlit. 
( 3) 

I.av ••• oak up 11ght and 
b~1n9 lt down to th. ~oots 
(7) 

[th. plant] wlii wllt .lnc. 
th.~. 1. lack cf wat.~ (9) 

At the cpen1ng. tne 11gnt 
.ou~ce, tn. 11ght w111 g.t 
at tn. bot tom of th. plant 
( lOI 

Wate~ wl11 ..,apOU~lZ. onto 
the "ldt's of the oag (2) 

1 0.11t"/e the wlHgnt of tne 
plan t Wl 1 1 go (7) 

(E"apcrated w.t.~J wlii 
Ju.t "tay ln the bag (9), 
When the plant need wate~ 
late~. 1t wlll soak up .. hl 
1. 1n tn" bag (10) 

e 

Ilqht lS nct g.t tlng tc tne 
"'oct a~.a (:!) 2 

plant Q~cw' .. n." .un 11gnt lS 
comlnq ail a",cund lt (4, 
1 f tn.~. 1. nct mutn .un 11qht 
the plant wlll dle (~) 2 
[the ,..oot] Il'''.' ln th. sOli. 
tn. s011 do."n t have th. 
llqnt (b) 3 

EKplanatltln statements 

Plast1c baq .. ' II "top the 
h.at f~cm l.a",lng. lt "111 
block lt (.5) 

sun l' 91",lng out heat; the 
plast1c bag "111 hold the 
h~at ln ( 4) 

heat .. 111 make th. mol.S tur. 
e..,aporat. (~) 

(mOl.sture) come .. from the 
sOli ... hen veu water th. plant 
(b) 

M01stur. lea.., •• th. pot. It 
Ju"t e..,aporates. lt • not 
tn.,..e anymore (81 

(plan t soak up .. ater) th~ough 
tne stem (11 ) 

lnte th. leaves (12) 

maybe • "aporate off th • 
lea", •• later ( 13) 
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Pr.d1ct1ve ,tatem.nt, 

CU'e Ilqhtl l'lIt the IIlant 
and th. pl.nt "111 q"O" 
b1QQe,. (2) 

tt,e pot "111 Oe qet hnq tao 
.",all for the plant (6) 

T.... 11Qht Qoe, ln and the 
plant Ita"tl qett1nQ qr.ener 
(7) 

W".r. the,.. an' t that mue h 
11qht, [t". I.a"e,] .ta,.t t 
turn b"o .. n (B) 

1 f 1 t 1 a plant that n.edl 
a lot of Il 1;1 nt , t"en lt 00111 
not IU"V1". (lq) 

1 f 1 t. 1 • plant that doel 
not neeod tt'l.t muc" IlQl'lt. 
1t 100111 get blQQe" (22) 

",ay have to change [th. 
plant) ta a blgQ"" pot (24) 

Th. plant may Qet too blg 
fa,. th. bo>< (25), .. 111 
,ta"t ,qulShlnq the I.av., 
.round tn. IPdQ.S [of the 
bO><], lt wl11 Ju,t open up 
t". bo>< (2b) 

Pa"t of th. plant may start 
COllllng out on the 11d •• , 
n.r. Cat th. I.ft op.n1nQl. 
and th. "lQht ud. (31) 

Wlth ",o.t plantl and lo",e 
plant., th.y n •• d I1Qht te 
q,.o .. (4) 

11 lt 1 a plant th.t n •• dl 
Ilqnt, then 1 t .. 111 Q"o" 
b1QQ.r (5) 

If [plants] are abl. ta 
pnoto.ynt".s12., t ..... n th.lr 
1 •• " •• turn gr.en (10) 
chlorophyl h.s IOM.th1nQ to 
do .. lt" t". lea"., b.1n; 
q" •• n (10) 

Not lIIuch mOlltu"e Mlq"t b. 
o QI!ttlnq 11'1, tnen t".y ,ta,.t 
to turn yello .. , that , lIIe.n. 
th.y ."e dYlnq. 10 t".y II 
11 1 1 off the plan t (13) 
If plantl don t q.t mOlltu". 
th"y .. 111 ail d,.yup (15) 

A plant n".dl a lot of l1q"t; 
lt 100111 du! "1 tn "0 11q"t. A 
pl.nt that dO.ln t n •• d llqht 
1 t do.,n t "urt to add Any 
Ilqht ta lt, but lt .. on t dl. 
1f lt do.,n t hav.any 11Q"t 

B 

1 

1 

1 

1 

1 

1 

(20) :z 

Th. stems .. 111 ,t."t gettlnQ 
blq9.", tall." and b"anc".s 
"111 ,ta"t comlnq out (23) :2 

1 t .. on t ".". Any .. 1'1.". to 
13"0". la lt Il .ta"t b.ndlnq 
0""" th. sld., (27) 2 
[lt 100111 b.nd] .. hlc~e"." .. ay 
th. bo" "111 mak. 1 t go (28) :2 

The 1 •• ",," .. 111 q"o .. and lt 
.. 111 qro .. anotne" stem. As 
mo". I •• v.' "111 ;"0 .. th.,. • 
.. 111 b. lIIoor. It.ml (32) :2 
a.caui. t". lunl1Qht li 
Ihlnlng ln th.s. op.n1ng' 
(33) 3 
.. 111 mak. tn. plant gr •• n." 
.nd m19ht get blq9"" than the 
".It of the plant ~h.t l' not 
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L 

5 

[Q"ttlnQ th" I1gl"lt] (34) 2 S 
Th1. pa"t [Wlt"out lunllQhtl 
.. 111 Itart turnlnQ qr.y a blt 
(30l 2 L. 
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[Th. pl.nt J .. 111 ".~Qh les'5 
(1 ) 

condens.tlon Q.ts ln th. b.Q, 
lt won' t 1 •• "e "'uctl C ... t.r] 
ln th .. '5011, .0 [th. ".lQht] 
moly b. 1 .... th.n .. hen 1 t 
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st.,.ted (2) 5 
Th. cond .. ns.tlon th.t set.tle. 
on th. b.Q 9.t'5 b.ck to t.h. 
botto"" Th.t. wtl.,.. th .. 
pl.nt 1'5 e;ettln9 lt • supply 

L 

of ... ter (:3) 2 L 

[ th1nk t". pl.ant ... ~ II .. ele;" 
1.'5'5 (4) 

W.t.r 130.'5 up th. reot •• nd 
h.lps th. 1 •• "lts Qrew (10), 
.ncl then ge •• out .s oOYQ.n 
(13), w. br •• th 1t 1" .nd 
then brlt.at" out C02 •• nd 
[th .. pl.nt'5] t.klt th.t ln 
(14) 

Th. condens.tlon ... 111 net b. 
•• fftuCh, [f yeu dld Mot h."e 
• b.Q .round 1 t .nd you pour 
"olt.,. [lnto th. potl, th ..... 
wl11 b. ",ore .nd more .... 1Qht 
th.n h."ln; • b.Q .nd h.vln; 
th. conden •• tion (51 

1 thlnk t". pl.ant w~ II .. elC~" th. cond.n •• t1on ... 111 be le •• 
1 ••• (1:5) ... te,. th." 11 t". b.Q .... '5n t 

2 L 

.,.ound lot (16) 2 L 

1 t"lnk t". pl.ant "'.y .. elgh 
.Qu.1 (17) 

th ... olt .... from th. conden •• -
tlon st.y. ln th. SOlI, [th. 
pl.nt] sucks lt up (18) 2 
[ ... ter] QO.s up th. "oot'5 .nd 
the st.", (lq) 2 
then co"' •• out .'5 • 13 ••• nd 
;0 •• ln th. ur (20) 2 
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,,3- Elrst crabl •• -sAlYln' scenarIO 

[Th. plant) vlll k •• p 
crovlne. but erov It certain 
ln, les (2) 

Elch lelt vl11 stlrt ta 
,rov bi.,er Ind vlder (14) 

(The lelves) wl11 stlrt ta 
.et bluer (21) 

(The helt] keeps the SOlI 
aoult (32) 

Some ot th. leaves aay 
start dYln, (39). the 
aiddle .tops .rawin,. th. 
leav.s viII turn brovn and 
.tart to rlll ott (42) 
It". ,ravin, (nelr the 
bottoa open ln,] Ind stlrt to 
C.t bl •• er (40) and It 1 
,rovlnc near the top open in, 
Ind 11111 ,iv. lt bi"er 
leaves (41) 

Expllnatlon stateaents B 

(Th. plant] ha. ,ot .outure 
[ln th. 1011] (3) 2 
Th. plant 18 IIvl'1 turnln, 
toward. the heht (4) 
aouture helpa [plants] erow 
lr th •• ol.tur. vlll stay 
n lC' and .0,CY (5) 2 
[aoiature] will brln. out 
aor. carbon dloxlde or oay,en. 
The oay,en "ill CO ln the ur 
"hich "i 11 br in. aor. carbon 
dlouda. Vhlch "111 atart 
breathin. th. "ater (7) 1 
[th. plant] ha. cot aouture 
coin, throu,h th. atea (8) 1 
sunlieht realin. ln the 
.obture (9) 2 
10ae planta can use li,ht and 
soa. plant. cannot (11) 1 
thia i. a plant that take. 
li,ht. 1 thlnk li,ht wlll 
help It (13) 3 

"i th the Il,ht coaine in. the 
Ieaves vlll start coaln, out 
(15) 3 

Ir you had Just .noueh h.ht. 
[the plant] Will ,roI (23) 1 
You are ,olne to ,l'le the 
plant too auch l1,ht (22) 2 
It"s 'lvln, the plant enouch 
h.ht but not enou.h ta keep 
it crevin, (24) " 
1 r you have enou,h heht. the 
plant vlll be full (26) 3 
You canOt re.lly keep a plant 
in a box (27) 2 
In the upper open ln •• th. 
plant Vlll ,et lI,ht. but If 
you had tu 11 il.ht. each arel 
vi 11 break out Instead ot 
Ju.t a httle [lenea] at the 
top (28) 3 

I t there UIS no sunheht. no 
tr .. wlll Ictualh .ra" (33) 2 
you ne.d .ostly sunlieht ta 
keep th. 1011 1I0ISt alon, 
vith the vater (34) 2 
h,ht wl11 ,ive enou.h heat. 
VhlCh VIII stay ln the stea 
Ind the leaves (36) 3 

You .ot th. are a uher. th. 
Il.ht 11 coaln. ln. plus you 
have th. lun in th. pot ta 
keep it aoist (43) 2 
If It uas ln a dark roea. It 
vlll lurely Itart dYln. vith
out lunll,ht and aOlltur. 
(44) 2 
1 de believe that thll plant 
do .. need Il,ht (45) 1 
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AA3- S'CAnA p~ODlem-,oIYAnQ .c,n'~AO 

Th' 1 Ar' dl.dl ,.e" d.y lt 
.. A Il ;0 on, 1 t .. 1. 1 1 III 
dA"PP"~ (21 

[th. 1II0A'tu~'] "1.11 ;0 up 
th. pl.nt to th. edq' of th. 
pl •• tAc D'; Ind Ilt. ln th.t 
pl.c. '51 

th. 1II0l,tur ... 111 ;0 ~ l;ht 
to th •• 011 .nd .t.y th.r. 
(11) 

not .v.ry p.rt of th. 
mOA.tur. 00 •• ln [throu;h 
th •• t.lII] , b.c.u •• th. 
mOl.tur. c.n ;0 up th~ouOh 
th. ur (151 

[th. lIIolstur.] ;0" ln •• ch 
.t.m; lt .. 111 ;0 ta th. 
I •• v ••• nd k •• p th.m h •• lthy 
(111, k •• p th.", .tron; 
ln.t.4d of fleky .nd fel1 
off (lBI 

Th. ple.tlc be; "'l11 ,e; • 
Il tt 1. (201 

Th. plent .. 111 .t l 11 ;ro .. , 
no doubt .bout th. t (231 

Tt,. ,un 11;ht COllllnCjJ ln, 
".Ip. lt oro .. , c.u •• lt 1 •• 
c: 1 •• r pl.,tlC be; (281 

YOU c.nnot ke.p .lr ln e CIl; 
III th. tll11' b.ceu •• lt .. 111 

1 

.t.rt D.ln; rUln.d (3, 2 
(th. pl.nt] h •• ;ot e lot of 
lIIol,tur'l lt com •• ln .nd lt. 
trYlnCjJ to ;0 up (4) 2 

[th. mOl.tur.] com •• up end 
th.n lt Ju.t .pr •• d. out end 
trl" to ;0 Deck [lnto th • 
• 011) (71 2 
Not .11 th. mOl.tur, l. ;oln; 
to ;0 up throuoh (th •• t.m] 
to U,. top cf th. p1.nt (BI 2 
/IIo.t of (th. mOl.tur.] "111 
COIII, up (to th' top of th. 
ple.tlc b.;) .. h.r. lt l. tl.d 
to th. plent (9) 2 
If you tek. th, b.; off, [th. 
mOl.tur.] .. 111 qo .tr'19ht 
up (.lon; th •• t.m] (10) 2 

I.m Ju.t teklno' ;u ••• (121 
Ju.t •• yln; 'om.thln; throuQh 
my h •• d (131 

1 f you tek. th. b'Q of f, th. 
mOl.tur. cen 00 up; but lf 
you k •• p th' beo on, th. 
mOl~tur. 1. Ju.t QOln9 ta hlt 
[th. pl.,llC Dao] (lbl 2 

1 thlnk mOl,tur. ;0" ln th. 
l.ev., .nd ,t.y. ln th. ,t'III, 
It .. 111 ;0 ln, .nd lf lt 
bulla, up too much, lt '0111 
;0 b.ck do .. n .nd th.n lt ;0 
b.ck up eQun (19) 

1 em nct 'ur. 1f th. 'lr c.n 
;.t out; lt .. 111 d.p.nd on 
hO" tlQht th. b'; .... ,.el.d 

3 

(21/ 2 

Th. b.; 1. not ,tOPPlnq 
enythlnq from ;oln; up th. 
,t.m 1241 2 
th. mOl.tur. mo.tlv QO., ln 
th. ,t.m .nd out to th. 
I •• v., (25) 

If lt l' • cl •• ~ ple'tlc blO, 
mOl.tur ... 111 0° throughl lt 

1 

"111 k •• p th. b'; ... r. (301 1 
Wh.r. yOu put. pl.nt a,p,nd. 
on ha .. much mOl,tur. you .r. 
001n9 to to UI'. You put 1 t 
ln front of th ... lndo .. on • 
nlC •• un 'hlny d.y. TM .un 
11;ht 90" r lQht through th, 
pl •• tlC beO (33) 3 
d.rk [plelhc D.;] "111 
.ttr.c:t th, h,.t Ind kllP 
(th, D.;] ... rm (35) 1 
hOht p I •• hc D.; l,t tM .un 
.hln, .tlll com, thrOU4" to 
h'lp th. plent Qro... Wlthout 
'unll;ht th. mOl.tur •• 111 
Ju.t c:rumbl. up. Sut tM .un 
Il;ht k •• p. th ... et.~ 40ln;, 
lt li t~Ylno to k •• p lt th'''' 
•• lon9 •• lt c.n (38) J 
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AA1- S,cAnd Arobl.~-,olvLnQ ,c.n.rlP 'cootlnu'd) 

eth. ~l.ntl c.n 10 •• "lQht, 
O~ lt m.y Q.ln ('11 
~.yb. lt wlii .v.n ;'10 
W'lq~t b •• cu'. t~. 'wn co~" 
ln .nd m.k. tn •• 011 h.rd.r 
('.1 

tn •• 011 Wlll .t.rt 9.ttln9 
.nd .tlrt ,.ttln; ~ouldln9 
up ('21 
Th, .;,'tur, wlii .t.rt qOlnq 
1" th. pl.nt, but lt c.n t 
.t.v ln th. pl.nt, lt wl11 
h.v. to dl •• pp,.r .om,.h,r. 
("1 
Th. _Ol.twr, QO" uP .10n; 
th • • t.m, plu. th •• unl19ht 
comln; ln •• 0 Lt wlll k,.p 
tn. h"t (.81 
tn ••• t,r .n~ th. mOl.tur. 
ml.'d toq.th,r, .0 th,r, wlll 

136 

• L 

2 L 

3 5 

1 L 

b. no ~or' w.t,r (.91 1 L 

At tn. bot tom of th. b.q, 
lt •• 09QY, lt • Ilk. mwd 
(511 

[th. pl.tn] wlll 9.1n W'l;ht 
.nd tn.n lt wlii 10 •• lt. 
Al;ht now lt l' Q.lnln; 
.'lqnt (~~) 

th, pot •• r, m.d. of c,m,nt 
.ton" .om. of th.m h.v' th. 
hol. [.t tn. bottoml (52) 1 
[th. w.t.r) wl11 cam. out of 
th. bot tom, yOu d h.v •• mud 
b.tch (~31 2 

Sunll;~t k •• p. comln; ln, 
plu. ln.ld. t~,r, l' .lr (~6) 2 
Th' w.t.r Will k •• p th •• 011 
nlC •• nd h,rd, w.t,r h,lp. 
tn •• 011 ta k"p lt nlC •• nd 
llQht (~7) 2 
Cbv th! .nd of th. w •• kl, .11 
th. mOl.tur. wlll QO up th. 
.t.m lnto th. l •• v •• (~al 2 

L 

L 

L 

L 

L 
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Ut- Fust problea-IQlun, ,c_nar,1,Q 

[The leaves) vl11 dle of 
tall off (3) 

If the' plant does not ,et 
enou,h vatera lt 11111 die 
(?) 

The leav •• that ar •• et,in' 
li.ht will ata, .uen , 10) 

Explanatlon stlte.entl 8 

The leaves are in the 8lddle 
h'u. (4) 2 
• h., are not .ethn, any 
h,ht (2) 2 

water 'ives [the plant] 
1I1neral. and JUlt f.ed. thell 
(8) 1 

Sun.hin. 'lves [the plant) 
ehlorophyl (11) 1 
sunli«ht keep. [the plant] 
,rowin, (12) 1 
[th. leave.] that are not 
'ettin, li,ht viII ehan,e 
eolour. turn brovn or just be 
plain vhite (U) 2 
wlthout chlorophyl [the 
plant] kind of dl .. or just 
pu Ils lvay, It just dries up 
(15) 1 

AAt- Second prpbl,m-Iolyin. scenar,1,D 

Predlctlve state.entl 

The plant would vei,h the 
.. ae (1) 

[water] vl11 soak lnto the 
stea that is eovered by the 
bl' (9) 

[the plant] .l,ht lose a 
httle blt of vu,ht (13) 

[th. plant] i. ,oin, to lo.e 
a littl. [vei,ht] (18) 

Explanltlon state.ents 

The ba. ia around the ste. so 
the persplratlon vlll colleet 
on the plastlc and lt vlll 
Just fa11 baek onto the 5011 

so lt vll1 Just '0 ln 1 cycle 
(2) 

(the stell 1S] l1ke a spon,e 
(11 ) 

[vlter] vl11 '0 up the atell 
and '0 up the leave. (12) 
that's hov leaves ,.t fed 
(14 ) 
the stell absorba [the vater] 
or the heat ab.orba it (18) 

the sun Ibsorbl 10.. of the 
vater frol the leave •• and it 
JUlt .ets 1I0re of the vater 
throu.h the SOli (17) 

8 

2 

3 

2 

1 

2 

4 
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645- Eirst problea-solYlDC sceDlrlA 

Pr.dic~ve stat •• ents 

1 thlnk [th. plant] wlll 
"lit, 1 don' t thlnk it wl11 
.roM any.or. (1) 

th. li,ht l' cOlin, in 
her., it can't ,rov r.al 
'trai,ht up, but lt will 
.rov out ot th. box (7) 

[th. plant] ,rovs klnd of 
strll,ht (12) 

[th. plant] Il,ht ,rov, 
startin, anoth.r [branch] 
(15) 

50" ot (th. plant] klll,ht 
co •• out of th. op.nln,s 
(l9) 

Explanation stat.a.nt, 

It do.sn't have that .uch 
li,ht (2) 
(plants) tek. in li,ht and 
th.y chan,. [li,M,) into 
che.lcat. or so •• thin, lib 
that (3) 
li,ht i, t.h. ener" 

lt's .01n, to '0 strai.ht up 

B 

3 

2 
1 

until it hits th. roof (8) 2 
th. plant von 't b. strin, 
.nou,h to '0 throu,h the box 
(9) 2 

because it ha, th. h,ht 
COlln. frol the two openin,s 
(13) 2 

ther. probably is not enou,h 
rool for ail the root. in 
ther.. so they IIl,ht co •• out 
and start tor.in, another 
plant (18) 2 
(the plant nU not ,rov] as 
rast becausa i t do .. not ,et 
all the li,ht that th. tra. 
n.ed because 1 t II lnsld. 
[the box] (18) 3 

[tne plant] needs aore roo. 
to ,rov, ao l t lU 11 probably '0 to th. li,ht (21) 2 
lt the box is full of Vlnea. 
lt ne.ds lIore roo. to ,ro" 
(22) 2 
(th. plant] wlll ,r~M out 
bec.us. i t ne.ds the Il,ht to 
survive (23) 1 
A plant usuall, ,rov tovarda 
th. li.ht (24) 1 
if ther.'s no direct [sun
li,ht]. the plant just ,oes 
stru,ht up (28) 2 
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AA~- SeCQnd problca-so1YlDA scenaflQ 

Pr.d1etave atat.a.nta 

[The plant] vlll ,rov (1) 

1 think [this plant] viII 
store vat.r in th. roots 
(12) 

Eaplanatlon state •• nta B 

[Th. plant] cln ,.t Il,ht (2) 2 
th. ba, around the plant la 
sealed tllhtly to nkeep the 
aOlstur. ln (2) 2 
we vat.r the "lant, that II 
wh.r. aOlatur. co ••• fro. (3) 2 
lt vlll let hot ln (th. bail 
becau.. of th. lllM (4) 2 
planta n •• d a1neral. in th. 
water to Irov (8) 1 
[vithout aOl.ture] the .011 
viii becoa. hard lik. a rock 
and th. root. wlll not b. 
able to travel, it viii be 
too hard for the roota to 
puah throu,h (7) 2 

[th. roota] te.d on vat.r 
and brinl lt up to ail th. 
diff.rent parts of th. plant 
(9) 1 
[vatar] loe. to anywhere that 
th. plant n.eds, 10 •• planta 
ean ator. vater lnsld. th. 
leav.s for a Ion, tlae (10) 1 
water can be [in the l.aves] 
or Just stay in th. roots lf 
it isn't needed (11) 2 

(the sun) can dry out the 
leaves fast because th. water 
ean evaporat. troa [the 
leavea] (14) 2 
but cactus ha. a hard shell 
so th. sun cannor ,et at the 
.ater at once, so they cannot 
store water that way (15) 1 
.hy you have to water a plant 
is because vater evaporat.s 
tast (16) 1 

[the plant] vould we1,h aore [the plant] WIll wellh aore 

L 

L 

L 

L 

L 
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L 
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L 

s 

L 

L 

L 

(18) beeau .. 1 t keepl ,rOW1n, (19) 2 L 
[th. plant] VIII not vel,h 

soae ot the vater Vlll '0 ln 
the roots and '0 up to the 
leaves, and then the sun 
vlll take that away (30) 

[the sun vl11 take the vat.r 
tro. th. leaves, but lt vl1l 
not b. Ible to evaporate 
beeaus. of the plastic or 
the cover (32) 

(the pllnt) .ay be ail 
shredded up (33) 

[th. pllnt] viII not b. 
co.pl.t.ly d.ad, but it .ay 
b. pr.tty siek (38) 
th. v.i,ht of th. plant viiI 
b •• qual (39) 

that Auch aore, but lt nU 
(21) 2 L 

the top ot the plant that 1S 
not ln the SOli needs vater 
to hve. too (26) 
there ai_ht be .ater ln the 
(leaves) of the plant (25) 
the leaves 81,ht becoee dry 
in a veek (27) 

1f [the leaveeJ keep brin.in. 
all the vater up, all the 
.ater vill be ,one because 
th. sun vill have evaporated 
it avaYi pretty aoon [th. 
plant] .ay run out ot water 
so there vill not be enou,h 
to teed th. leaves and th." 

2 

2 

will dry up (37) 2 
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Appendix E 

Students' S ou.rces of P . r10r Koovled.e 
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HAl 

HA2 

HA3 

HA4 

teacher 

aIl the teacher 
did lias put 

siblings 

notes on the none 
blackboard, and 
ue copied that 

[teacher] "i 11 
[tell us] to 
f ind the book none 
or material in 
the library 

[teacher] gave [older sister] 
us a lot of 
books that Ile 
could go and 
figure out Ilhat 
Ile "ere to do 

[teacher] takes 
the information 
and just gives 
i t; she asks none 
the 1 ibrarian 
to get books 
together for us 

141 

parents 

none 

my father s 
tilles teach 
about scien 

my mom is a 
nurse and Il 

dad teaches 
science, he 
a real he Ip 
they challe 
Ile to think 
things on Il 

they encour 
Ile to learn 
ask Ily 1I0m 

[1 do proje 
she would t 
and find so 
thing [for 



501le

:h Ile 
'nce 

a 
IlY 
~s 

le' s 
lp; 
lenge 
lk out 
IIY o"n 

television 

l rea11y like 
science nature 
shows, like 
National Geo
graphie 

ullua11y the 
on es about 
anillals 

1 watch nature 
shows; anillal 
shows 

lIagazines 

[oceas ion a 11y 
IJ read 
Diseover 

read [science 
lIagazines] only 
about airplanes 
and cars: have 
National Geo
graphie a t hOlle 

read Nat iona1 
Geographie, use 
for reference 
in science 

Ira,e l watched the projects j used 
~n; 1 Nature of ,et Owl 
~ when Things J but t!le 
iects] , topics are have Nat ional 
try (usually] not Gep,raphic, Ov1 

101le- tor children and have nad 
~ Ile] Equinox, but i t 

lS too advanced 

i 

books 

1 like (science 
lIagazines]; 1 
use the refer
ence library 
when 1 have a 
project for 
school 

(uad science 
books froll the 
library] when 
1 have a science 
project in 
schoo 1; we have 
encyc loped ias 
at hOlle 

read seven or 
ei,ht books a 
veek, on any
thin" but not 
always science 

1 use books from 
sohoo 1 library; 
have (a lot of) 
science books 

_..& 
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AAl 

AA2 

AA3 

AA4 

AAS 

( 

teacher 

(teacher] just 
,ives us the 
lessons in 
cla •• ; she does 
not refers us 
to other source 

when $le did a 
unit on eco
systelD, [the 
teacher) told 
us to ,et books 
froll 1 ibrary to 
look things up 

sOlIIe of Dy 
teachers do not 
[encourage Ile 
ta go to the 
1 ibrary to read 
1I0re; in IIY 
junior school. 
(the teacher] 
would say .. that 
is enough". The 
teacher gives 
ass ignllen ts. if 
$le get it all 
right, that 
lIeans $le are 
understandin, it 

sOlletilDes the 
teacher (refers 

, -

slbllngS 

none 

my sister sOlle
tilles tells Ile 
sOlle thin,s 
about plants 

1 have asked my 
brother [about 
science), but 1 
have never 
learned am'
thin,; 1 never 
d id anything 
with what he 
said to Ile 

us to explore none 
things); sOlle-
tilles he does. 
not a lot 

$le haven't done 
that lDuch in 
science; SIe 
have to use the 
text book 

I1Y younger 
[siblin,s] know 
a lot lIore 
about d inosaurs 
they lIake fun 
of Ile 
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parents 

none 

[IIY parents] 
talk to IDe 
about anilDals 
and plants 

none 

none 

[IIY parents) 
encoura,e Ile t 
Iearn; IlY 11011 

not into 
science at lIy 
level 



s 

to 
D S 

, 

te!eV1S1On 

occasionaUy 
watched Wonder 
Struck 

l watch 0",1 
sometimes 

l have ~atched 
Wonder Struck; 
l 'd ~atch if 
there is some
thing l like 

(watches 
science shows] 
~hen there is 
nothin, else 
on television 

l've watched 
Wonder Struck 
a few t imes; 
only when there 
is nothin, else 

magazlnes books 

1 read astro-
none nOIlY books; 

about once in 
two weeks, 1 go 
and look around 
for books about 
astronomy or fish 

read 0111 and 1 read animal 
National Geo- books and that 
graphie about is about it 
animaIs 

1 didn't read I read fantasy 
anythin, about books, or 
science in (the adventure books 
magazines] 

do not have any 1 usuaUy read 
science story books 
magazines 

depends if 1 don' t usually 
have tille, l read science 
read about fish books 
[in m~gazines] 
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Appendix F 

Students' Attitude Towsrd Us ine P • r10r Knowled,e 
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Interyiew 2 vith HAl 

Exp: Do you feel that in learning about soienoe, or any 

other subjeot, that i t is illportant. that you Ilake use 

of what you already know? 

HAl: Yeso 

Exp: Can you tell me some of the ways that you Ilake use of 

what you have already learned? 

HAl: WeIl, yes. Like in tests or anything, well this, 1 

already knew that it reaches for sunlight, photosyn

thesis. Sa, l guess l can take a guess, but 1 don' t 

have ta. 

Exp: 1 see. 1 f you have learned something about the way in 

l whioh plants grow, let's s~y, froll television program, 

would i t help you? How do you re late what you saw on 

T. V. wi th something that you may have learned in 

class about plants? HAl: Well, 1 don't know. l 

() 

Exp: 

HAl: 

Exp: 

d idn ' t really see anything like that on T. V. 

The show's not about plants? 

No, usually the show is about animaIs. 

And do you often think about the animal shows that you 

have seen on television, and relate it ta your 

biology/science lessons, to make your classroom learn-

ing more relevant? 

HAl: 1 don' t know. 
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Interview 2 vith HA2 

Exp: Do you leel that in learning about science, or any 

other subjects, i t is very illportant when you Ilake use 

of what you already know? 

HA2: Yeso 

Exp: Can you tell Ile in what ways it would help? 

HA2: WeIl, if you already know something, then you can look 

up somethin, that you hardly know to get Ilore detail. 

Exp: O. K. Does i t Ilean that if you already know about a 

subject, then you vi 11 s imply know Ilore aboutit by 

learn ing Ilore abou t it? 

HA2: Yes, you already have a background in which to Hork 

at. 

Exp: How does having a background knowledge help? Do you 

know? 

Ha2: Wel1 if it was sOllething that Has really buried deep 

in of your understanding, you already know sOllething 

about i t, i t would help you research i t. 

Exp: 0 . K. l think i t . s basically aIl the questions that 1 

have. 
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Interyiew 2 vith HA3 

Exp: Do you feel that in learning about science in your 

naturai environment around you, do you feel that in 

learning about these things, is i t important that you 

Ilake use of the knowledge and theories that you 

al ready have? 

HA3: Yes, 1 think i t is because ve get more knoviedge as ve 

go along and our past experience and knovledge can 

also help us when ve're learning nev stuff. Because if 

you know sOlle from like before, in the past, then it's 

going to come out sometimes, at least once in a prob-

ablya year, it's going to cOlle up separate. What you 

were taught in a certain grade is going te come up in 

another grade. In a higher grade, they're going to ask 

you about this stuff. And it's really good to know it 

because if you den't it's pretty hard to relate to 

vhat ve,re talking to. And if you do know it, then 

i t' s really nice because then you have i t right there 

and you knov what they're talking about and it's 

really easy te understand what they' re talking about. 

Exp: So it Ilakes it easier to understand nev information. 

HA3: 1 think so. 
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Interyiew 2 vith HA. 

Exp: You have a lot of science information from different 

books that you read, magazines froa you aom and your 

dad. You gather aIl these informations trom all the 

sources and people around you. Then in your learnin, 

in the classrooa, do you alrways think about what you 

already know, and you try help you understand your 

lessons? 

HA4: If you think about vhat you already know, it will aake 

it a lot easier. Then you can look for the informa

tion. You won't have to look for as much and write 

down as much. 

Exp: Do you find that it is helpful? 

HA4: Oh it's helpful, yeso You knov it's sort of boring 

when you have to '0 through it so many times. Again 

and a,ain. 

Exp: Do you think that with practice it would become auto

matie? 

HA4: Yeso Haybe. Our teacher is tryin, to get us ready for 

high school. And givin, us ,ood ways to study and 

essays, stuff like that. 

Exp: I see. Can you tell me, from your experience, why 

using what you already know helps you learn better? 

HA4: I just know it works for me. 
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o Interyiew 2 vith AAl 

Exp: Do you teel that learning in school, it helps you 

Iearn new things when you can lIake use of what you 

already know? 

AA1: Yeso 

Exp: Can you tell Ile in what ways it would help? 

AA1: WeIl, if we use what we already know and put it with 

stuff that wo're learning now, we might understand it 

better. 

Exp: Yes. Why do you think that' s so? 

AA1: Because, weIl, if you know something, well if you 

Iearned i t last year, and then you' re sort of forget-

ting about it now and you Iearn something new, and 

it 's on the same subject, you might know Ilore about 

it. 

Exp: O.K. Do you usually make;, use of what you know when 

you're learning new thing~? 

AA1: Most of the time. 

Exp: Can you give me an exalllple of sOlllething that you have 

done recently, that you have try lIlake use of old 

knowledge when you are learning sOllething new? 

AA1: Um ... 1 can' t think of anything. 1 don' t usually 

already know something. Usually 1 Iearn new things 

that 1 don' t know, 
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Interyiew 2 vith AA2 

Exp: Do you feel that in the learnin. situation. when 

you're sitting in class and learnin, about a subject, 

that it's illportant that you Ilake use of what you 

already know in order to learn new thin,s. 

AA2: Yeso because if you know sOl'!ethin,. that Iliaht brin, 

Ilore things to your Ilind about Ilore thin,s that you 'ra 

learning about. 

Exp: 1 see. It it sOllething that you often do? That is, 

try to add what you are learnin. onto sOllething that 

you already knowl 

AA2: Say, we have, l ike we just learned sOllething and say 

you don' t know what i t is. like hOH i t happened or 

whatever you remellber froll your hOH you learned it 

before. When you learn about i t a,ain, then you can 

remellber lIore. 

Exp: 1 see. Can you think of other ways that your old 

knowledge can be useful? 

AA2: No, not really. 
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Intaryiev 2 with A!3 

Exp: You know when you ore learnin, thin,s in sohool, do vou 

feel that it would help Vou learn when vou lIake use of 

what vou already know? 

AA3: UII .•• 

Exp: Did you understand IIY question? 

AA3: Kind of and kind of not, really. 

Exp: O.K. Let's say l'OU learned sOllething trom your 

brother; he told you sOllething about dinosours. Then 

your tet'.oher is going to talk about dinosaurs in class 

next week and shen vou ore sitting in her class, and 

learn about Hhat she presents about dinosaurs, do Vou 

think it helps when you can remember what you've 

learned from your brother? 

AA3: Yeso It would ... uh ... 

Exp: Can you explain hOH i t HOU Id? 

AA3: Well, if my brother has taught Ile sOllethin, about one 

specifie dinosaur or many and she brings up something, 

it's a sllall one, Hith spikes on its baok, it really 

ls tou,h. And if my brother has told me, and 1 can 

rellember most of what he told Ile. Because maybe then l 

Hasn't pavin, it really attention, yes, it really 

Hould help me. Then l'd remember what he said plus 

Hhat she said. So l 'd have two combinin. locked in my 
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Exp: 

AA3: 

_________ ~ _____________ ........ iiiiiiiiiiii~;;;;;;;;;;;; __ 
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head. So 1 ~ould reaember. It reallv would help me. 

Yeso Ooes it happen often in vour learning? These 

si tuat ions? 

Like if ay brother has taught me something and it 

cOlles out in the science class? 

Exp: Or if you've read something and it comes up in class 

and you say, "Ha, 1 know that. "? 

AA3: Yes, it does. 

Exp: And it makes you more exited. Ooes it happen aften? 

AA3: Yeso WeIl not really often, but it's happened the odd 

Exp: 

AA3: 

time when we're learning. But then the thin, is ,oint, 

1 wasn' t expecting i t. 

1 see. 

It would help me, but it doesn't basically happen 

every t ime. 

Exp: O. K. 
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Interyiew 2 vith AA' 

Exp: 1 want to ask you if you feel that in learnin. about 

science or learnin, in general, whether, it is impor-

tant that you use what you already know in arder ta 

learn more? 

AA4: Yeso 

Exp: Can you tell me in what ways it can help? For your

self? 

AAS: If you know in one certain subject and th~n the 

teacher can teach you more about it like, like carrying 

on from where you learned. 

Exp: 1 see. And does that help you? 

AA4: Yeso 

Exp: When you re learning in the classroom, do you pay 

attention ta that? Are you always reminding yourself of 

what you already know and try ta bring in your new 

knowledge? Do you understand? 

AA4: No. Not really. 

Exp: O. K. Let's say you have studied dinosaurs in grade 

one or grade two, and your teacher now will give you a 

lecture on dinosaurs on Tuesday, do you consciously try 

and remember what you already kDOW about dinosaurs and 

ta relate the information that you learned in grade one 

ta the ones that you are learning now? 
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AA4: Yeso 

Exp: You do. 

AA4: Yeso 

153 

Exp: O.K. Can you think of an occasion that you did and 

tell me a little bit more? A little bit about it? 

AA4: No. 1 can't really remember. 

Exp: No? SA you just know you do it. 

AA4: Yeso 

Exp: O.K. 1 think that's basically it. 1 covered aIl the 

questions that l had written down for yOU. 
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u Interview 2 with AA5 

Exp: l want to ask you if you feel that in learnin" in 

general, is it important that you make use of what you 

already know? .... Uil •..• Do you understand the ques-

tion? 

AA5: No. 

Exp: Letrs say, you learned trom your brothers and sister, 

something about dinosaurs. If your teacher was going 

ta give a lecture next week about dinosaurs, do you 

think what you learned from your brothers and sister, 

is it going ta help you understand and learn what you 

would learn in class? 

1 AA5: Haybe just a little bit. Because 1 just know the basic 

things like the Meat eaters, plant eaters. stuff like 

that. Not much. but l think it would help a littl~. 

Exp: If it would help a little ? Can you think of what ways 

in which i t wou Id help. 

AAS: We Il, l might have heard c.f tÏle names of the d ino-

saurs. You have 50 Many dinosaus with aIl those dif-

ferent names. That might help because they have books 

there with different pictures and aIl that basic 

information. 

Exp: O.K. That's aIl the questions that l have for you 

today . 

.... . 
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Abstract 

ThlS study examined the use of prior knowledg~ to 

predict the solution to science problems. Four high-ability 

and five average-ability grade 8 students participated in 

the study. Three science lessons were implemented to assess 

the effects of teachlng the students how to access and 

utilize their prior knowledge in making predictions. The 

way in WhlCh students used prior knowledge before and after 

these lesson3 was evaluated using qualitative and 

quantitative methods. Results suggested that there were 

differences in the way the two groups of students organized 

and utilize~ their prior knowledge. The ~igh-ability 

students exhibited well-integrated prior knowledge, and 

readily utilized their prior knowledge to produce high-level 

cognitive behaviors. Relatively, the prior kno~ledge of the 

average-ability students lacked Integration, and these 

students were unable to translate their prior knowledge to 

high-level cognitive behaviors. These findlngs suggest 

that the twe groups of students differ in the level of 

integration of their prior knowledge, and the ways in which 

they utilize prior knowledge are aiso different. This may 

be related to their differential ability in predicting 

solutions t.e problems. 

i 
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Résumé 

L'utilisation des connaissances antérieures dans la 

prédiction des solutions de problèmes scientifiques a été 

examinée dans cette étude. Neuf é lèves du deuxième 

secondaire, soit quatre ayant des compé~~~r.es académiques 

supérieures et c~nq ayant des competences académlques 

moyennes, ont participé à l'étude. Trois leçon de sciences 

ont éte ensignees afin d'evaluer les conséquences 

d'enseigner aux élèves comment utilliser leurs ;onnaissances 

antérieures pour predire les solutions de problèmes. Des 

analyses qualitatives et quantitatives ont été exécutées. 

Les leçons de sciences n'ont pas eu d'effet sur la fa~on 

dont les élèves utilisaient leurs connaissances antérieures 

avant et aprè s les le~ ons. Les analyses ont montré 

cependant qu'il y avait des différences entre les deux 

groupes d'élèves dans l'utilisation et l'organisation de 

leurs connaissances antérieures, Les connaissances 

anté ri eures des é lèves ayant des c ompé t enc es supe ri eures 

étaient blen ~ntégrées, et étaient utilisées facilement lors 

de comportements cognitifs de haut niveau. Comparativement, 

les connalssances antérieures des élèves aux compétences 

moyennes manquaient d'intégration, De plus, ces élèves 

étaient incapables d'utiliser leurs connaissances 

antérieures lors de comportements cognitifs de haut niveau, 

Ces ré sul ta t s suggè rent que 1 es deux groupes d' élèves 

procèdent différemment pour utiliser leurs connaissances 

ii 



o antérieures. Ceci pourrait être relié aux différences dans 

leurs capacités de prédire les solutions de problèmes 

scienti fiques. 

iii 
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CHAPTER 1 

Rationale for the Study 

Introduction 

1 

This study compared the ways in which prior knowledle 

was accessed and utilized by high-ability and average

ability st~dents to predict the solution to science 

problems. 

In order to make such a comparison, both groups of 

students were given a science probl~m-solving scenario and 

asked to make a prediction ab~ut the outcome. Their 

responses were analyzed and compared. Subsequently, the 

students were exposed to three science lessons in which a 

teacher explir.itly taught them ways of accftssing and 

utilizing prior knowledge in problem-solving. Finally, the 

students were assessed again, and given another science 

problem in which they were asked to make a prediction. 

Their utilization of prior knowledge was again analyzed, and 

compared with their performance before the science lessons 

sa that the effect of the intervention could be inferred. 

The following sections outline the theoretical and 

practical justification for this study. Although research 

in the domain of problem-solving is abundant, the link 

between prediction-making and utilization of prior knowledge 

is yet unexplored. This study will attempt to provide a 
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conceptual link between these concepts. In addition, the 

practical implications of effectively using prior kno"ledge 

in problem-solving activities will be discussed. 

Tbeoretical Justification 

This study arises from three interests: (a) the role 

prior knowledge in problem-solving, (b) the processes of 

problem-solving and prediction-making in high-ability and 

average-ability students, and (c) problem-solving in the 

context of science learning. These will be explored further 

and related in the sections which follow. 

Prior Knowledae Ind Problem-Solyina 

The theoretical link between prior knowledge and 

prediction making becomes apparent as one of the processes 

of problem-solving. Thus, one must begin by understanding 

the interrelationship between knowledge acquisition, 

problem-solving and prior knowledge. 

Knowledae acguisition and prior knoHled~e. Prior 

knowledge simply refers to information that one already has 

stored in memory. It facilitates the acquisition and 

accumulation of new knowledge (Adams & Collins, 1979; 

Dirkes, 1985, April; Glaser, 1984). It provides an anchor 

for the learning of new experiences (Ausubel, 1968) because 

new ideas are learned and retained Most efficiently when 

contextually related ide as are already available in one's 



c 

( 

( 

3 

memory (Langer, 1981, 1982). Nonetheless, learning does not 

take place merely by adding new knowledge to prior 

knowledge. It involves an interactional process where new 

knowledge is incorporated and organized within the 

preexisting framework of prior knowledge, potentially 

resulting in changes in that framework as weIl (Adams & 

Bruce, 1982; Hewson & Hewson, 1983). 

The study of prior knowledge has been elaborated in 

the domain of text comprehension. Effective tapping of 

prior knowledge in a contextually related area results in 

more successful comprehension and recall of knowledge 

(Anderson, 1976; Anderson & Bower, 1973; Langer, 1982). 

Horeover, prior knowledge also plays an important role in 

facilitating the understanding and interpretation of novel 

information and leads to better comprehension of the 

materials (Langer, 1982, Langer & Nicholich, 1981). 

The role of prior knowledge has also been investigated 

in other areas of learning, such as scientific problem

solving. Hewson and Hewson (1983) investigated the learning 

process of a group of grade 9 students during science 

lessons. The result confirmed the notion that prior 

knowledge May facilitate subsequent learning situations. 

Knowledge acquisition and problem solyin,. In relation 

to knowledge acquisition, it is useful to think of the 

process of problem solving as a type of learning that 
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facilitates the accumulation of knowledge (Newell & Simon, 

1972, p. 814). Problem-solving includes the evaluation of 

what one already knows (prior knowledge) in order to arrive 

at a state of knowledge that is new. The novel material 

will then be incorporated into one's preexisting framework 

of knowledge and result in the acquisition and accumulation 

of knowledge. Such lS a cyclical process in which the 

accumulation of knowledge not only facilitates problem-

solving, but it is also facilitated by engagement in 

problem-solving tasks. 

Priar knoHled~e and prablem-solvina. Prior knowledge, 

in the cantext of problem solving, is defined as the source 

of information Bvailable to an individual from which the -- execution of solutions could be made possible (Newell & 

Simon, 1972). It includes information such as (a) t~sk 

instructions that are provided, (b) knowledge or information 

that an individual has gathered through previous experiences 

with an identicar task, or one· that is analogous, (c) 

knowledge or information that is in the individual's 

long-term memory that can be combined with information in 

the given task to yield a solution, or (d) knowledge or 

information stored in long-term memory that has substantial 

generalizability and can be applied to a wide range of tasks 

(p. 811). 

Taylor (1978) captured the relationship between prior 
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knowledge and problem-solving abilities by stressing the 

importance of "forecasting" and "decision making" where one 

objectively organizes prior kno~ledge in such a ~ay that a 

rational prediction could be made. Gallagher (1985) 

suggested that problem-solving could be explained as a 

convergent thinking process in ~hich one takes a large 

number of facts or associations (prior knowledge, either 

given in the problem, or stored in one's memory) and puts 

them together in a certain predictable combination ta reach 

a possible right answer (p. 277). 

The relationship between prior knowledge, problem-

solving and knowledge acquisition can be conceptualized as 

follows: 

PRIOR KNOWLEDGE 

/~ 
facilitates facilitates 

/ ~ 
Problem bidirectional Knowledge 

( > 
Solving relationship Acquisition 
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Ability Level and the Utilization of Prigr Kncwledse 

The role of prior knowledge might be important to 

understanding the enhanced acquisition of knowledge by 

high-ability learners. One might attribute their 

intellectual superiority to their rich source )f prior 

knowledge and the framework in which it is represented 

(Chiesi, Spilich, & Voss, 1979; Voss, Blais, Means, Greene, 

& Ahwesh, 1986). Dirkes (1985) reported that high-ability 

students have varied cultural experiences and rich memory 

storage, and have thus accumulated an enormous body of 

knowledge. Their overall intellectual superiority is likely 

to be due to their ability to use what they already know as 

a foundation to future learning. This ability is 

fundamental to "higher level thinking" (Bloom, 1956) where 

one progresses beyond acquisition and comprehension of 

information to make further application of the prior 

knowledge. Thus, it is important to examine the ways in 

which high-ability learners access and utilize their prior 

knowledge in learning situations. 

High-ability students are commonly observed to be 

superior in their problem-solving behavior (Ward, 1980). A 

recent thesis by Coleman (1988) examined problem-solving 

performance by high- and average-performing physics 

studer.ts. In their protocols, ~he more able students made 

more frequent references to their prior knowledgej 
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contrarily, the less able students made more references to 

information given in the presentation of the problems. This 

was consistent with current theory distinguishing "expert" 

and "novice" performance in such tasks (Glaser, 1985). 

However, these studies did not explain how the prior 

knowledge was used. lncluding subjects of different ability 

levels ailows the present study to examine if part of the 

success of more able students is the ability to make 

predictions based on their prior knowledge. Are there any 

Qualitative differences in the ways that high-ability 

learners use their prior knowledge when compared with 

average-ability learners? Do high-ability students use their 

prior knowledge in a way whinh facilitates high-ievei 

cognitive behaviors? 

Problem-Solyins in Science 

Problem-solving is an important activity in science 

education for three main reasons. First, much of everyday 

experience in our environment can be expl~ined by naturally 

occurring scientific pheno~ena, and the understanding and 

exploration of our environment includes a series of problem

solving situations. 

Second, in science, the knowledge base is very large 

and constitutes an abundance of concepts, generalizations, 

principles, as weIl as skills. The process of problem

solving can aid in the construction of a network of 
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relationships among concepts and generalization~. Hence, 

such a network of knowledge can be stored in long-term 

memory and be readily retrieved when future problem-solving 

situations arise. 

Third, when students observe their teacher explaining 

a science problem, they often do not witness the thought 

processes that lead to the solution of the problemi teachers 

tend to think through the problem, privately, before 

presenting the explanation and solution. The students May 

then fail to conceptualize the process involved in arriving 

at the solution. Therefore, in science learning, it is 

crucial for students to have first-hand problem-solving 

experiences (Nickerson, Perkins, & Smith, 1985). 

It has been observed that~ although students have 

accumulated a lot of knowledge and information during their 

science lessons, they were unable to use their knowledge in 

novel problem-solving situations (Gunstone & White, 1980). 

Students were particularly inadequate in identifying the 

relevant knowledge that could be applied to specifie 

situations and lacked the ability to apply their scientific 

knowledge and skills in ev en moderately novel situations 

(OIson & Russell, 1984). These observations relate to the 

science learning environment of elementary and high school 

students. The science lessons were predominantly concerned 

with the accumulation of science vocabulary, while classroom 
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discussions and first hand investigations had been 

deemphasized. 

It is important for educators to ensure that students 

not only have an accumulation of scientific knowledge, but 

aiso the ability to utilize that knowlenge. Problem-solving 

activities during science lessons can be an effective way to 

relate these two objectives. Problem-solving scenarios can 

also provide insight into students' level of understanding 

of scientific phenomena. In addition, the types of 

processes which students of various ability levels use to 

solve a problem will also become apparent. Then, those 

pro cesses that are characteristic of high-ability learners 

could be made explicit during classroom instruction in 

problem-solving. 

Practical Justification 

The practical application of this research would be 

concerned with teaching students how to use their prior 

knowledge. Research findings have inàicated that high

ability students have rich sources of prior knowledge, and 

from the point of view of educational enrichment, teaching 

them to draw on their prior knowledge May further enhance 

their problem-solving performances. 

A parallel and crucial question that emerges in this 

context addresses the value of providing similar enrichment 
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for average-ability learners. Romey (1980) acknowledged 

that one of the objectives of education lies in the 

provision of opportunities for maximizing one's full 

potential. Therefore, students of various ability levels 

shouid be encouraged to optimize their development in high-

levei thinking, including rational analysis, systematic 

observation, and other processes associated with scientific 

thinking. 

Others echoed the claim that if a curriculum is 

beneficial to high-ability learners, it should also be 

effective among average-ability learners. The basis of this 

claim lies in the assumption that mental abilities which the 

enrichment curriculum fosters, such as abstract reasoning 

- skiiis and analytical thinking skills, can be developed in 

aIl students (Maker, 1982; Taba, 1962). It was suggested 

that average-ability students may require more time for 

learning the content~ of a curriculum. Nevertheless, when 

the activities are paced appropriately, 80~ of the 

average-ability studer.ts show a significant development in 

higher-Ieve l th in king sk i Ils (B loom, 1976). Taba (1962) 

reported similar concern and developed a teaching model that 

nurtures analytical thinking ski Ils by guiding students 

through a series of sequential intellectuai tasks, and 

asking them open-ended, yet focused questions. Experimental 

evidence supported the contention that with the use of Taba 
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strategies, students with average lQ exhibited growth in 

cognitive skills as great as those of high-IQ students. 

The number of research studles that looked at 

enrichment for high-ability and average-ability learners in 

parallel is scarce. Those that have made such a comparison 

have generated evidence that enrichment programs for high

ability learners should not exclude its application to 

average-ability learners (Bloom, 1976; Maker, 1982; 

Renzulli, Smith, & Reis, 1981). 

The present study focused on one aspect of enrichment: 

the effective utilization of prior knowledge, because of its 

intricate relationshlp with science learning, problem

solving, and knowledge acquisition. To date, no studies 

have been conducted to find out whether such instruction can 

be effective 1n helping students apply their prior knowledge 

1n problem-solving situations. 

This study was also instigated by concern about 

whether effective utilization of prior knowledge is a 

process that can be learned. High-ability and average

ability students were included in this study and their 

performance in problem-solving, before and after such 

instruction, was examined. 
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CHAPTER 2 

Review of Literature 

This chapter is devoted to a review of research in 

four areas that are pertinent to this study: (a) the 

application of prior knowledge in problem-solving and, 

specifically, in the prediction-making process for solving 

problems; (b) the comparison of high-ability and average-

ability performance in problem-solving scenarios, with 

particular focus on the research that compared high-ability 

and average-ability performance in the use of prior 

knowledge; (c) the implications of teaching specifie 

problem-solving strategies and the need for weIl strueturect 

instructional programmes; and (d) the importance of teaching 

students how to access and utilize their prior knowledge in 

solving science problems. 

Use of Prior Knowled~e in Problem-Solvin~ 

The role of prior knowledge in the process of 

problem-solving has received much attention in cognitive 

research. Various theories of problem-solving have alluded 

to the importance of using prior knowledge to aid in the 

solution of problems. Hayes (1981), Newell and Simon 

(1972), and Sternberg (1977) presented this concern from 

different perspectives. 
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From a pragmatic perspective, Hayes (1981) suggested 

that problem-solving could be approached by one of four 

lIethods: (a) tr ial-and-error, (b) prox imi ty methods, (c) 

fractionation methods, and (d) knowledge-base method~. The 

trial-and-error method typically does not involve the use of 

one's prior knowledge because the problem-solver either does 

not have, or does not use, the available information 

gathered from prior learning situations (p. 30). However, 

the other three problem-solving methods are characterized by 

the use of prior knowledge in arriving at a solution. In 

the proximity method (p. 31), one would make use of prior 

knowledge in order to determine the Most direct path tO 

reach a goal In the fractionation method (p.35), the prior 

knowledge is initially available in order to break down a 

problem into subgoals, and then each subgoal is approached 

by using prior knowledge in a manner that is similar to that 

of the proximi ty method. Ir. the knowledge-base method (p. 

39), one uses the prior knowledge stored in memory to guide 

the search for a solution. Therefore, one May conclude that 

prior knowledge is necessary for problem-solving situations, 

although the ways in Qhich prior knowledge is used depend 

on the experience of the problem-solver. 

Newell and Simon (1972) suggested that when solving 

problems, the problem-solver proceeds by a scan through 

information related to the problem that is readily available 
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(p. 811). This includes information stored in long tera 

memory, that is, (a) prior knowledge and experience that are 

almost identical to the problem to be soived, (b) prior 

knowledge and experience that are analogous to that of the 

problem being solved, and (c) knowledge that ean be 

substantially generalizable across a wide range of problem

solving tasks (p. 848). In other words, the successful 

execution of the problem-solving process is dependent upon 

the prior knowledge available to the probiem-soiver. 

Sternberg (1977) reviewed a specifie type of problem-

solving behavior, namely, analogieal problem-solving, and 

Bsserted that one cannot make an educated decision about 

something new without drawing a paraI leI with something old 

(p. 353). Clearly, Sternberg believed that in problem-

solving, one of the ways in which a solution can be reached 

is by drawing a paraI leI relationship with prior knowledge 

or related experience that is readily available to the 

problem-solver. Furthermore, scientists and mathematicians 

have often reported that solutions to problems are arrived 

at after they have recognized analogies in information 

gathered from previous experiences (Halpern, 1987). 

Understanding the intricate relationships between 

problem-solving and prior knowledge plays a special raIe in 

educationai objectives regarding the nurturance of higher 

order thinking ski Ils among learners (Bloom, 1956; 
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Gallagher, 1975; Torrance, 1970). The essence of higher 

order thinking is captured in the ability to transform old 

information to solve new problems (Gallagher, 1975, p. 233). 

Although content-specific prior knowledge is necessary for 

problem-solving, it is not sufficient to guarantee best 

performance (Brown' Campione, 1980; Greeno, 1980; Hiller, 

1962; Simon, 1980). The ability ta utilize the content

specifie prior knowledge is also of utmost importance 

(Barrows & Tamblyn, 1980; Wingard & Williamson, 1973). 

This study thus responds to the concerns of problem

solving research and considers how different learners 

access and utilize their prior knowledge in problem-solving 

scenarios. 

Use of Prior Knowlcdee in Prediction-Makini 

Prediction-making is an important problem-solving 

procedure in which the use of prior knowledge is 

part icu lar ly saI ient. In general terms. the predict ion

making process guides the problem solver to anticipate 

coming events. and also the consequences of those events. 

This information then allows the problem solver to plan a 

course of action in attempting to arrive at a solution 

(Friedman, 1984, pp. 45-59). 

The process of prediction-making is thus highly 

dependent upon the availability of prior knowledge. In 
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order to make a prediction, the problem is first identified 

by carefully observing the events that are presented. The 

discrepancies between what is presented and the desired goal 

are examined (Dirkes, 1985; Friedman, 1984, p. 45). 

Subsequently, there is a search of memory for relevant prior 

knowledge (Friedman, 1984, p. 255) that May be applicable 

to the present situation. Prediction-making is, therefore, 

a process that requires the problem-solver to verify that 

the prior knowledge is leading towards the desired goal 

(Brown & DeLoache, 1978). 

The availability cf prior knowledge, however, does not 

guarantee that a sound prediction can be reached. The 

problem-solver must also have the ability to use the 

information appropriately so that a prediction that is 

likely to yield a solution can be brought about (Babbs & 

Hoe, 1983; Bondy, 1984). 

On the other hand, there is no empirical finding 

that addresses how prior knowledge can be incorporated and 

used in the process of prediction-making during problem

solving scenarios. Since prediction making is an important 

and unavoidable step of problem-solving, an attempt to teach 

effective problem-solving May be partially accomplished by 

diRcovering the ways in which prior knowledge can be 

effectively used to make predictions. 

The present study was designed to investigate how prior 
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knowledge can be used to facilitate prediction-making in 

problem-solving scenarios. There are two reasons for 

focus ing on pred ict ion-making. Fi rst, prob lem-solving may 

begin by making predictions, and second, prediction-making 

i6 one of the many processes of problem-solving where the 

use of prior knowledge is of particular importance. To 

date, there exist no research studies that specifically 

focus on investigating the pro cesses of prediction-making. 

This study attempts te consider problelll-solving by using 

prior knowledge ta make predictions. 

Comparin~ Hiih-Ability and Avera~e-Ability Learners.in. 

Problem-Solyiog Behayior 

Contemporary studies of human problem-solving regard 

the study of differential abilities between advanced 

learners and average learners as critical in understanding 

the problem-solving process. Advanced learners are often 

super ior prob lem-sol vers, and thus, much of the research in 

this are a examines the students with high scholastic 

abilties. 

Ristow, Edeburn and Ristow (1986) observed that 

high-ability students are, generally, more self-ioitiated 

and in ternally mot i vated than the ir average-abi 1 i ty 

counterparts. This is inferred by their ability to engage 

in independent studies, whereas average-ability students 
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typically preferred programmed instruction and discussion 

groups where they need to receive continuous feedback from 

other s (Steward, 1979). These authors thus asserted the 

importance of self-directedness in learning as a critical 

characteristic for the development of superior problem-

solving abilities. 

Rogers (1986) cautioned against over-emphasis of 

students' learning style as a basis of distinction between 

high-ability and average-ability performance. In a review 

of current research concerning high-ability students, she 

argued that these learners are not using a unique brand of 

learning or thinking style, although their capabilities may 

be mo re pronounced in some of the d imens ions. For in stance, -- the high-ability learners are: (a) more able to analyze, 

synthesize and evalua te new 1 y aequ i red information (Ward, 

1980), and (b) more skilled in solving novel problems that 

require transfer of previously learned strategies and 

content (Scruggs, Hastropieri, Jorgenson & Honson, 1985, 

1986). Despi te this caution wi th regard to overall styles, 

there is mounting evidence of differences in the specifie 

processes used by more and less ab le students (Shore, 1986; 

Stern berg and Davidson, 1986). 

These assertions also supported Keating' s (1976) 

analyses of cognitive behavior of high-ability and average-

ability students from a Piagetian point of view. It was 
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observed that grade 5 .. gifted" students were perforlling at ft 

more advanced leveI than grade 7 "average" students, and 

that the former advanced to the concrete operation stage 

more quickly. The author stated that these superior 

developmental patterns are attributed, for the Most part, ta 

the intricate interaction between the learner's ability to 

generate ~nd retrieve information, and the ability to make 

use of the information that is generated. 

Related to the generation and retrieval of information 

is the notion of memory. Huch of the research has suggested 

that .. gifted" learners have a high capac i ty for- mellory 

storage and, therefore, some researchers have extended this 

to suggest that higher capacity for memory enables an 

individual to have more capacity for performing higher

level, integrative components in a problem-solving 

situation. 

Ludlow and Woodrum (1982) observed that in a multi

trial task, high-ability learners do not rely on the 

availability of feedback from previous trials because they 

are more able ta remember them. Contrarily, average-ability 

students are more dependent on the availability of feedback 

for their success in the task. This finding suggested that 

memory capacity May play a raIe in problem-solving 

situations. 

Other empirical evidence, however, has cast doubt on 
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the effects of memory capacity on problem-solving 

situations. 8y manipulating the amount of information that 

one needed to solve problems, other studies found that there 

was no observab le re lat ionship between h igh-ab il i ty 

performance and average-ability performance (Holzman, 

Pe llegr ino & Glaser, 1982, 1983). Thus, there is no 

conclusive evidence to suggest that high-ability performance 

in prob 1em-so 1 ving, or any other in te llectual task, is 

distinguished by good short-term or long-term memory. 

These controversies suggest that memory strategies, 

rather than memory capacity, May be more crucial for making 

predictions during problem-solving scenarios. In addition, 

the strategies which are used to structure the storage of 

knowledge in memory, and the strategies used for applying 

that knowledge in a problem-solving situation should be 

addressed (Jackson & Butterfield, 1984; Anderson, 1985, 

April; Anderson, 1985, November). Studies in this domain 

have introduced the use of strategies for rearranging, 

adaptating and transforming prior knowledge in general 

problem-solving situations (Dirkes, 1985, April). 

The present study explores the ways in which high

ability learners and average-abi1ity learners access and 

utilize their prior knowledge to make predictions in 

science. Specifically, the relationship between the 

organization of domain-specifie knowledge and the leve1 of 
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thinking displayed when students make predictions during 

problem-solving scenarios will be explored. 

Direct Instruction of COinitive Skills 

Studies that compared the intellectual abilities 

between high-ability and average-abi1ity students typically 

were successful in identifying some superior eharacteristies 

of the high-ability students. However, many researehers 

were also alerted to the observation that high-ability 

learners often needed environmental support, sueh as 

training and enrichment, before they could exeel. Benbow 

(1987, April) remarked that high-ability learners orten have 

parents that are support ive and encouraging of their 

edueational needs and goals. Supporting evidenee was a1so 

inferred from the observation that although high-ability 

students are typically self-initiated in their learning 

habits, they too. require training and guidance in order to 

perform at an independent level commensurate with teachers' 

expecta t ions (Ristow, Edeburn & R istow, 1986). 

Ludlow and Woodrum (1982) evaluated the effects of 

availability of feedback in problem-solving p~rformance. 

They found that cil though average-abi l i t,J' students were, in 

general, more reliant on the availability of feedback, they 

were able to out-perform the high-ability students when 

feedback is available continuously. This observation was 

contradictory to findings of other problem-solving research. 
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The authors speculated that this contradiction may be due to 

the fact that high-ability students had not received any 

enrichment or special training to enhance their initial 

strengths. Therefore. i t becomes doubtfu 1 as to whether 

superior cognitive abilities could develop spontaneously 

wi thou t spec i al train ing . It has been argued that the only 

means of ensuring consistent and effective problem-solving 

performance is by providing practice and applications of the 

skills already mastered (Redfie ld & Rousseau. 1981; Seiger. 

1984) . 

The methods by which specific skills should be taught 

are also cont rovers ial. Doyle (1983) proposed that ind irect 

instruction should be used in the teaching of higher level 
...... 

-- cognitive pro cesses to more able students because these 

learners have already mastered the necessary and basic 

knowledge structures and skills. In contrast. direct 

instruction t in which learners gain pract ice through a 

series of structured exercises leading te mastery of 

cognitive processes, are proposed as more appropriate for 

average-ability learners. The former is characterized by a 

laissez-faire approac}1 (Gallagher. 1985b. p. 293) where in 

learners search for new ideas with a sense of freedom to 

explore. 

The use of a laissez-faire approach can be problematic 

benause of the danger in assuming overall competence among 
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high-ability studerts. Although the oversll intellectual 

capability of the high-ability 1earners is superior to that 

of average-ability students, there are still tremendous 

variations within both groups, exhibited as strengths and 

weakne5s in various areas (Houtz, Rosenfield & Tetenbaum, 

1978). Provision of direct instruction to high-ability 

learners can, therefore, be beneficia1 because it allows the 

opportunity for we11-rounded intellectual development 

(Simon, 1980). 

Researchers have developed various programs in 

respon5e to the need for educational enrichment. In the 

past decade, Many of the programs that were developed 

focused on the en hancemen t of prob lem-so 1 ving strategies and 

skills and the fostering of high-level thinking processes. 

Baines (1984) highly recommended the use of IMPACT in 

the teaching of problem-solving activities. The program 

concentrates on six relevant procedures that are valued as 

high1y relevant to problem-so1ving behaviors, that i5, 

interpret, collect more information, look for possibilities, 

a5sess, change and test. IMPACT problem-solving begins by 

identifying the nature of a problem and the various possible 

sources of information avai 1ab1e. Schlecter (1981) reviewed 

and supported the use of the Talent Unlimited Project as a 

guideline for teaching students techniques of forecasting 

and decision-making. Similarly, the Future problem-solving 
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program is designed to bring into awareness one's relevant. 

domain-specifie prior knowledge and experience ta make 

ou tcome pred ict ions (Hoomes, 1984), The Process-Or iented 

instructional design is another program that clearly 

supports the importance of forecasting and prediction-making 

as invaluable problem-solving processes (Baldwin, 1981). 

These instructional methods provided valuable insight 

into the teaching of problem-solving. particularly in their 

concern about the use of prior knowledge in the problem-

solving process. One commonality among these pragrams was 

that they aIl involved the use of brainstorming techniques 

as a means of bringing students' "stored" prior knawledge 

into awareness . 
..".. 

However, reliance on these programs should be tempered 

by two important considerations. First, evaluation of their 

effectiveness has not been rigorous, and there is no 

empirical evidence that observable, long term improvements 

result from their implementation. It is often true that 

outcome studies regarding program effectiveness are often 

difficult to execute and methodologically problematic. 

Baldwin (1981) evaluated the Process-Oriented Instructional 

Design, and reported that high-ability students showed 

high-levels of thinking when they had been exposed to the 

instructions; yet, the results of the study were not 

sufficient to canclude that implementing the program was 

-
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effective, since the methodology did not compare the ability 

level of each student before and after the implementation of 

the program. 

Second, these programs advocate the use of brain 

storming techniques to encourage students to search their 

minds for prior knowledge relevant to a given task. It is 

undoubtedly useful to learn how to access prior knowledge, 

but students are likely to need instruction in learning how 

to utilize prior knowledge in a goal-directed manner. Many 

of the available programs are not explicit in teaching the 

utilization of prior knowledge. and do not attempt to focus 

on teaching students the strategies needed to integrate 

prior knowledge with novel observations. 

This study, therefore, responds to the need to 

directly teach the strategies for accessing and utilizing 

prior knowledge in problem-solving scenarios. Particular 

focus was placed on the prediction-making process of 

problem-solving, sinee the role that prior knowledge plays 

in prediction-making process is particularly important. 

Science as a Specifie Domain for Instruction 

Bransford, Sherwood, Vve and Rieser (1986) commented 

on the importance of teaching proble~-solving skills in 

specifie domains. Researeh has found that general problem

solving skills May remain inert when the applications of 
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these skiiis were not taught within a specific content area 

(Brown, Bransford, Ferrara, & Campione, 1983; Brown, 

Campione, & Day, 1981). These observations can be 

attributed to the Iimited ability human beings have to 

transfer knowledge and skills from one situation to another. 

The transfer of skill is not always automatic within a 

specific subject (Gunstone & White, 1980) and is 

particularly hindered across subjects (House, 1969). Simon 

(1980) thus advocated the teachin, of problem-solving in 

specifie subject areas for two reasons: (a) Subject-specific 

teaching of problem-solving faeilitates the transfer of 

skills that were Iearned from another content area, and (b) 

such a teaching approach exposes the students to a whole 

continuum of problem-solving skills, from general to 

specifie ones. 

The selection of science as a content area, where the 

teaching of problem-solving can be of benefit, is in 

response to the philosophical and pragmatic significance of 

science education. Studies in the philosophy of science 

education testify that science is embedded in the total 

framework of human thinking and existence (Roberts, 1983; 

Robinson, 1968, pp. 126-127). Scientifie theories guide the 

way in which human beings observe the world. Science 

advocates the qualities of being theoretical and exact, and 

regulates the ways in which observation are made, recorded 
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and verified (Hunby, 1982, p. 16). Thus, it becolles crucial 

that the goal of science education is set beyond the 

attainment of content knowledge. It should also include the 

underst8ndin, of how science guides our everyday lives and 

our intellectu81 development. Roberts (1983) outlined the 

intent of science education as understandin, the structure 

and limitations of science, and the acquisition of 

scientific skills as a solid foundation for future learnina 

(pp. 11-13). 

The ability to adopt a scientific approach can greatly 

reduce the level of individual bias and provide the 

opportunity to make fully reasoned judgement about the 

common-sense view of the world (Conant, 1951, p. 130; Hunby, 

1982, p. 27). The 8bility to think critically is 

p8rticularly important since society has evoived in such a 

way that science has become inte,rated into aIl parts of 

life. Existing thoughts are perpetuaIIy undergoing 

modifications through observations and hypotheses. 

Therefore, decisions have to be made constantly, and 

appreciation of the methods of science becomes inv~luabie. 

From a pragmatic stance, science serves to provide an 

anchor in which problem-solvin, skills can be assily 

tr8nsferred and generalized to other situations in life 

(810011, 1956). Kyle (1980) suggested that the ability to 

scientifically inquire is the personal, internalized ability 
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o of an individual to synthesize the knowledge which has been 

obtained through learnina experiences. This ability thus 

enables a person to rationally inquire and solve problems. 

The scientific process includes inquiry skills s~ch as 

observing, comparing, inferring, classifying and predictina 

(Holt, 1977). These are the basic processes for generating 

a solution in a problell-solving situation. When confronted 

with a novel situation, students need to carefully observe, 

cOllpare, make inferences and predictions about the problea 

at hand, and the desired goal. They need to draw on past 

knowledge of similar or related phenomenon, and then make 

the conceptual link between the two (Copple, Sigel, & 

Saunders, 1984). Although the acquisition of the se 

processes and skills are important, learners need to apply 

these skills in real inquiry situations to ensu~e true 

understanding of the applications of these processes (House, 

1969; Renzulli, 1977), 

The value of science education, then, is not merely to 

generate experience and knowledge in the subject matter, but 

to develop "tacit knowledge" where one can effectively 

interpret information or events and make judgements (Broudy, 

1969; Klopfer, 1971). Prediction-making, decision-making 

and evaluation are aIl processes of science that are 

relevant to various situations regardless of subject or 

discipline (Aikenhead, 1980; Risi, 1982). 

o 
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For the purpose of this study. the problem-solvinl 

process in focus is the accessing and utilization of prior 

knowledge for making predictions. This is particularly 

relevant in science education because it focuses on teaching 

students to make use of what they already know in atLemptin. 

to predict consequences of events. The process of makinl a 

prediction that is rational and likely to lead to a solution 

can be derived from a series of causal-effect relationships 

(Friedman, 1984). The understandin. of causal relationships 

is easily demonstrated in science, because most scientific 

phenomena are initially explained by observable, concrete, 

cause-effect relationships. 

One of the ways of fostering prediction-making 

behaviors is by selecting appropriate science material and 

encouraging students to identify a sequence of observations 

that May lead to an outcome. In addition, students should 

be prompted to verbalize their understanding of 

relationships between events by imposing "why" questions. 

Through classroom discussions, students can then develop the 

process of accessing and utilizing their prior knowledge and 

experience (Copple, Sigel, & Saunders, 1984). 

One of the processes of science which captures the 

utilization of prior knowledge in science lessons is found 

in the analytical scheme developed and applied by Wolfe 

(in press) in a class of high-ability students. The scheme 
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o is particularly relevant to this study because the 

characteristics identified with "rational ideas about 

science" can be applied to the process of problem-solving. 

Wolfe suggests that in order to expose students to 

rational ideas, teachers should provide a framework for 

scientific investigations and problem-solvina scenarios. The 

students should be tauaht to link their perceptions of what 

is known und understood about a given problem, wi th tI.eir 

prior knowledge of similar observations. Classroom 

di&cussions are necessary as they provide opportunities for 

the teacher to help the students relate prior knowledge and 

exp~rience with the investigation that is taking place. In 

addition, students are encouraged to make sense out of new 

problems by drawing on information acquired from teachers, 

or other sources, and their own past experiences with 

similar events. 

It is evident that the teaching of any problem-solving 

skill or process cannot be detached from specifie content 

areas. Science is one of the areas in which problem-solving 

can be taught because of its wide implications in everyday 

life. Scientific problem-solving becomes a common and 

necessary process. Focusing on rational ideas about science 

can further emphasize the scientific processes to learners. 

These processes can then be applied to aIl problem-solving 

scena:ios that are encountered. 

(} 
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This study adopted a qualitative desi,n for analyzin, 

the way in which prior knowledge was used to make 

predictions in solvin, science problems. 

Research studies have traditionally used quantitative 

designs in the comparisons between high-ability learners and 

average-ability learners (Foster, 1986). These studies 

typically empIoyed large sampIes and the results did assure 

the statistical certainty of generalizing results to Iarger 

populations of high performing individuais. Research by 

Baldwin (1981) and Carter (1985) indicated the extent to 

which high-ability students excel, but failed to elaborate 

on the manner in which high-ability students' thinking 

processes were characteristically different from those of 

less able students. What is lacking in this type of 

research study is much of the unique and individuai 

expressions of exceptional ability (Foster, 1986). 

In studying problem-solving, combining quantitative 

research designs with qualitative investigations ie 

preferred. Such a methodology would further demonstrate how 

the students execute problem-solving processes in arder to 

arrive at a solution (Rogers, 1986). While it is important 
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c to know the statistical differences in scientific thinking 

ability of large populations of high and average-ability 

students, understanding how these differences are expressed 

demands equal concern (Bogdan & Hiklen, 1982; Stake. 1978). 

The uniqueness of individual thinking processes is generally 

not evident in the reduced data of quantitative research. 

Understanding the thinking processes elicited by advanced 

learners may give valuable insights in understanding how 

they function differently. Such understandin. further 

allows for the development of educational programs, 

curriculum implementation, teaching techniques, and other 

issues important in the development of enriched education 

for gifted, as weIl as for mixed-ability learners. 

These methodological concerns support the decision to 

carry out the prpsent study: to understand the nature and 

meaning of high-ability students' performance as they make 

predictions during problem-solving scenarios. 

Quantitative data, then, will be included in this 

study as corroborative evidence. The qualitative data will 

identify the types of processes and levels of thinking when 

students of different ability levels make predictions. The 

quantitative data will permit frequency counts of the 

processes and behaviors exhibited and, thus, provide 

further evidence for the observed differences between 

high-ability and averge-ability students. 
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The following sections of this chapter describe in 

detail the method used to carry out the study. The sample 

chosen will be described, as weIl as the context in which 

the study took place. The two probl~m-solving scenarios 

which were presented to each of the students on two 

different occasions will be discussed. The final section 

will present the entire procedure for the investigation. 

Context and Sample 

The School 

The study was conducted in a suburban public school in 

southern Ontario which operates on a "rotary" system. Al! 

students attend elective classes in the mornings and 

assemble for thelr "core" classes in the afl.ernoon. 

The Classes 

During the Ilcore" science class, 36 grade 8 mixed

ability students assembled under the supervision of Teacher 

A. Similarly, a group of high-ability students assembled 

under the supervision of Teacher B. The high-ability class 

included students from grades 6 to 8, with five students at 

the grade 8 level. The two teachers agreed to integrate the 

five high-ability students into Teacher A's mixed-ability 

class durlng the instructional part of this study. Thus in 

the newly reconstituted grade 8 class, there were 41 

students in total. 
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The Teacher 

Teacher A, of the mixed-ability class. was asked and 

agreed to participate in the study and deliver three science 

lessons to the reconstituted mixed-abi11ty class. She has 

had experience teaching students of varied intellectual 

abilities, and had special training in science teaching. 

For the purpose of this study, she consented to adjust her 

teaching style during the three science lessons to focus on 

the accessing and utilization of prior knowledge in science 

investigations. No training was provided for the teacher, 

however, she was given a detailed description of an 

analytical scheme developed by Wolfe (in press). This 

scheme characterizes how and when prior knowledge could be 

accessed and utllized during science investlgations. Prior 

to the science lessons, the experimenter discussed the 

characterizations of the scheme with Teacher A. The teaeher 

then assured the experimenter that the specifie instructions 

of how and when ta utilize prior knowledge would be 

emphasized during the science lessons. 

The Selected Sample 

A sample of ten students was originally chosen from 

the newly recongtituted qrade-8 class. However, a high-

ability student was absent from one of the problem-solving 

scena~ios and was thus excluded from the analysis. Àmong 

these rine students, there were five average-ability and 
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four high-ability grade-8 students. The average-ability 

students were specifically selected from the mixed ability 

class by Teacher A based on the following criteria: (a) The 

students were of average stand~ng in the class, and (b) they 

are verbally fluent, i.e., able to verbalize their thoughts 

without interfering with their thinking process. The four 

grade-8, high-ability students were confirmed by Teacher B 

as: (a) fulfilling the requirements of enrollment in a 

program for the academically gifted, that is, having 

full-scale IQ of 137 and above, and/or obtained a minimum 

stanine score of 9 in the Canadian Abilities Test, (b) 

recommended by a teacher and parents as having the potential 

to succeed in enrichment classes, and (c) exhibiting verbal 

fluency. Verbal fluency was considered a necessary 

criterian for selection because these selected students were 

asked to "think-a1oud" and express a11 their thoughts whi le 

performing the task. 

The students were individual1y as~essed by the 

experimenter on two occasions. Extensive field notes of 

their classroom participation during science lessons were 

also collected by the experimenter. 

Problem-Solvina Scenarios 

Two problem-solving scenarios were presented ta the 

students, one before and one following the science lessons. 
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These problells were chosen froll "Brain Booster" (Webster, 

1965) and depicted the phenollenon of plant growth. The 

teachers who participated in the study confirmed th~t the 

problems were appropriate for grade 8 students in terms of 

the levei of difficulty. 

The first problem-solving scenario was presented on a 

piece of 21.5cm X 28cm paper (see Appendix A). The problem 

depicted a plant placed in a box with two openings where the 

light can enter. 1. short written description was also given 

to the students so that the a~ount of information available 

to them was standardized. The students were asked to make a 

prediction concerning the manner in which the plant May 

grow. This question required that students know and 

understand that plants have the tendency to bend towards a 

1ight source. 

The second problem-solving scenario was a1so presented 

to studen ts on a piece of 21. 5cm X 28cm paper (see Append ix 

B). The problem depicted a potted plant with a plastic bag 

tightly tied around the pot and the lower part of the stem, 

with aIl the leaves exposed. A short written description 

relayed appropriate information to aIl the students. They 

were required to predict whether the entire plant (including 

the pot, the soi1, the plastic bag and the plant itself) 

would weigh more or 1ess after a duration of a few weeks. 

In or"der to address this question, students needed to have a 



( 

( 

( 

iT 

37 

clear understanding of the concept of transpiration. 

These two problems were similar in that they required 

students to make a prediction about the outcome. However, 

there was no definite solution to the problem, sinee the 

nature of the predictions would be contingent upon the 

assumptions that the students adopted. The experimenter was 

primariIy coneerned with how students make the prediction, 

and with partieular focus on how each student's prior 

knowlcdge about plant growth was utilized in the process of 

prediction-making. 

Frocedur~ 

The study took place over a period of 8 days. The 

tirst day was allocated for general observation and 

familiarization of the students who constituted the sample 

of the study. 

On the second and third day, the four high-ability 

students and five average-ability students were individually 

interviewed by the experimenter. They were presented with 

the first problem-solving scenario. After a student 

completed the prablem-solving scenario, an int~rview was 

conducted by the experimenter in order ta gain an 

understanding of each student's sources of science 

knowledge. 

The fourth. fifth and sixth days were set aside for 
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the science lessons. These consisted of three 40-minute 

lessons prepared and delivered by Teacher A. The content of 

these lessons was different from that of the problem-solving 

scenarios. 

The seventh and eighth days were allocated for the 

second problem-solving scenario in which the four high

ability students and five average-ability students were 

assessed individually. After sach of the students responded 

to the problem-solving scenario, another interview was 

conducted by the experimenter. The objective of this 

interview was to determine whether the student understood 

the importance of accessing and utilizing prior knowledge 

during problem-solving scenarios. 

Familiarization Procedures 

On the first day of the study. the five high-ability 

students were integrated into the mixed-ability grade 8 

class during the last lesson of the day. Teacher A 

introduced the experimenter, and explained that five grade 8 

students from Teacher B's class would be joining them for 

three lessons during the following week. The experimenter 

then explained to the students that she was interested in 

seeing how teacher and students interact during science 

lessons. The students were asked to behave as they normally 

do in their classroom, and to pretend that the experimenter 

was not present. The experimenter also explained that ten 
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students had been randomly selected trom the class to meet 

with the experimenter individually. Those students were, in 

tact, selected with respect to pre-set criteria as described 

in the sample. The purpose of this deception was to ensure 

that students would not question the reason for their 

selection or nonselection. 

The experimenter then took the ten selected students to 

the school library where she, again, introduced herself and 

became familiar with the names of the students. She 

informed the students that she would be seein, each of the. 

individually on two occasions in order to find out how they 

approach a science problem. In order to understftnd their 

approach to a soienoe problem, they would be presented with 

one problem-solving soenario during each of the two 

oocasions. The students were assured that the problems had 

no right or wrong answer, and that they would not be graded 

on the acouracy of th~ir response. The experimenter 

emphasized that she was interested in what students think 

about when they approach science investigations, and where 

the knowledge comes trom. 

Subsequently, the experimenter presented the students 

with a hypothetical situation in which they were asked to 

prediot what would happen. The purpose of this preliminary 

procedure was to prepare the students for the "think aloud" 

procedures of the problem-solving scenarios with the 



40 

experimenter. 

Firat Problem-Solyin. Scenario 

The first problem-solving scenario was ,iven to the 

students durin, two afternoon sessions before the science 

lessons. The investigation took place in a small room that 

was normally used as a guidance centre. The teacher 

determined the order in which the students met with the 

experimenter. The schedule was established in such a way 

that least disrupted the students' normal classroom 

activities. One high-ability student was absent trom this 

procedure and he was excluded from the subsequent 

experimental procedures. Therefore, in aIl subsequent 

procedures, there were only nine selected students. 

Each student entered the roo. and was asked to close 

the door to ensure that no disruptions would interfere with 

the procedures. The student was then asked to sit beside 

the experimenter. They engaged in a short casuai 

conversation (about 2 to 3 minutes) to make the student feel 

more relaxed. The experimenter explained that a tape 

recorder would be used to record the procedure because she 

would not be able to write down aIl the details quickly 

enou,h. The experimenter then presented the problem-solvin, 

scenario (see Appendix A) and asked the student to look at 

the problem carefully. The student was then asked to . 
describe what would likely occur. The experimenter reminded 
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the student to verbalize everythin. that came to mind, and 

to turther explain how the prediction was made. This 

procedure is called "think aloud," which aIl the Rtudents 

had practice doin. during the familiarization Deetin, with 

the experiDenter. 

Nhen each student was .ivin' the verbal report, the 

experimenter periodica!ly addressed the student with "Can 

you think of any thin, e1se?" to enaure that the student had 

reported everything in Dind. Occasionally, a student would 

require cuein, when there was no response. The experimenter 

used cueing statDents such as: "What made you think of 

that?", "How did you know that?", or "Did you learn that 

frOD school or sOllewhere else?". 

When the initial verbal response was collected, the 

experillenter told the student that she would like to have 

more detail, and that she would rep1ay the tape and pause 

at intervals in order to ask for clarification. The 

experimenter was primari1y interested in finding out where 

each of the students got the information for their 

particular predictions. Again, this question-answer 

protocol was audiotaped. Each of the nine students was 

assessed in the same Mannar and they were each given the 

same problem-solvin, scenario to consider. 

Interyiew 1 

Following the presentation of the tirst problem-
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solvin, scenario. the experimenter asked each student 

questions about the source of their prior knowled,e. The 

questions included the types of magazines and books that the 

student was interested in. the types of television pro,rams 

watched. and whether there were other si,nificant persons 

that provided scientific knowled,e. This procedure was also 

audiotaped. When the entire interview was completed, the 

student was thanked and dismissed. Bach of the nine 

students was interviewed in the aame manner. 

Science LessoDs 

Durin, the science lessons, Teacher A waa required to 

teach the atudents how to access and utilize their prior 

knowled,e in science investigations. The teacher chose to 

implement these teachin, objectives in three lessons devoted 

to the topi~ of electramagnetism. The implementation of 

this treatment was in response ta one of the purposes of 

this study, that is. ta look at the ways in which direct 

teaching of accessing and utilization of prior knowled,e can 

be effectively used in problem-solvin,. In addition, the 

ways in which students of high-ability and average-ability 

differ in their response to the treatment was investigated. 

These lessons took place durin, the last class period 

on each of three days. AlI the students of the 

reconstituted mixed-ability class attended these science 

lessons. They randomly sat around six tables, with the nine 
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selected students seate~ randomly at different locations in 

the classroom. 

Ouring th~ first lesson, Teacher A introduced her 

three-Iesscn plan. She informed the students that in each 

of tho~e lessons, there would be investigations ot 

ma,n~tism, and that their written classwork would be 

evaluated. Ourin, the three lessons, the experi.enter 

cbserved the interactions and noted the participatory 

behavior of the nine selected students in terms of 

attentiveness, class discussions, enthusiasm in 

investigations, and discussion within their groups. The 

lessons were also audiotaped usin, two audio cassette 

recorders strategically placed in the classroom. When the 

students proceeded with their investigations, the 

&xperimenter circulated in the claqsroom ta observe the 

progress of each group. The experimenter acted as the 

teacher's helper only during the third lesson, wh en she went 

to each group of students and sprinkled iron filings on 

sheets of paper placed over a magnet. 

Second Problem-Solyjn, Scenario 

The second problem-solving scenario (Appendix B) was 

used when the experimenter met with each of the students 

after the science lessons. The method of collecting the 

verbal protocols was identical to that used durin. the first 

problem-solving scenario. 
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Interyiow 2 

After the students responded to the second problem-

solvin, scenario, the experimenter conducted another 

interview with each of the students. The ,oal of these 

interviews was to inquire about the extent to which students 

understood the si,nificance of usin, prior knowledae in 

problem-solvina. In addition, the students were asked to 

verbalize their understandina of how prior knowledae could 

be accessed and utilized in their science learnin,. 
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CHAPTER 4 

Description and Coding of Data 

This chapter will be devoted to a description of how 

the data, collected from various sources, was organized and 

coded. 

The three science lessons were recorded and then 

transcribed. The information from these Iessons was used to 

(a) determine how the students were taught to access and 

utilize their prior knowledge in a problem-solving scenario, 

and (b) confirm that students were expected to use these 

ski Ils in making predicitons. 

The students' verbal protocols, gathered during the 

problem-solving scenarios before and after the science 

lessons, were recorded and transcribed. The data were 

analyzed by identifying predictive statements and were coded 

according to Taylor's (1968) criterion. The verbal 

protocols were also analyzed and coded according to Langer's 

scheme (981) and BI oom' s taxonomy (1956). Explanat ion of 

these criteria and justification for their use are presented 

later in this chapter. 

The two interviews conducted with each student after 

each of the problem-solvin~ scenarios were recorded and 

transcribed. The information from the first interview was 

used to explain the difference between high-ability and 
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average-ability students in terms of their prior knowledge 

integration. The information of the second interview ""as 

used to corroborate the observations of students' behavior 

during the problem-solving scenarios and science lessons. 

Miscellaneous data, which includ~d a description of 

fieldnotes and students' work projects during the science 

classes, were examined in order to substantiate the claims 

made c~ncerning the activities during the science lessons. 

These notes focused on students' behavior during the 

science lessons, and provided evidence to reflect whether 

the science lessons conveyed the anticipated teachings about 

prior knowl edge. 

-
Data from the Science Lessons 

In order to investigate the effects of teachjng 

students to access and use their prior knowledge, three 

science lesson~ were lmplemented and observed. The 

teacher-student interactions ""ere transcrlbed and 

information ""as extracted concerning the manner in which the 

teacher carried out the planned objectives. These 

transcriptions were analyzed to ensure that the treatment 

goal ""as accurately addressed. Throughout this study, 

exce~pts from the science lessons are presented, in 

parentheses, in the following format: 
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(S,l,9) 

This representation refers to the science lesson (S), the 

first lesson (1), and the 9th statement selected from the 

protocol (9). 

Data from the Problem-Solvinq Scenarios 

The verbal protocols were gathered from the problem

solving scenarios before and after the science lessons. Two 

sets of protocols were generated. The first set consisted 

of the student's initial think-aloud responses, and the 

second set consisted of the initial think-aloud, intertwined 

with question-and-answer discussions between the 

experimenter and the student. For the purpose of this 

study, the second set of protocols is used as the final data 

for analyses since lt includes aIl the verbal information 

recorded during each problem-solving scenario. 

The verbal protocol was organized in columns to 

facilitate analyses. In order to make a distinction between 

the initial think-aloud and the subsequent question-and

answer discussion between the experimenter and the student, 

the initial think-aloud of each student is presented in 

bold pr int . The quest i on-and-answer di ~cuss i on between the 

experimenter and the student is presented in regular print. 

(The complet e s et of pr ot ocols and analys es for each subj ect 

is not included in this thesis, but is available for 
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examination upon request. Sample protocols of one high-

ability and one average-ability student are presented in 

Appendix C). 

Since this study is directed at students' predlction-

making behavior during problem-solving scenarios, only the 

relevant information was extracted and is presented as the 

"summary of verbal protocols" (Appendix D). 

Justification for Data Coding Schemes 

Prediction statements were selected based on Taylor's 

(1968) notion of forecasting. Forecasting is defined as 

the ability to foresee patterns, chains of events, or cause 

and effect relationships. By keeping an open mlnd and 

- exploring al1 of the possible conditions that may affect the 

- resuIts, a prediction can be derived tClted in Maker, 1982). 

Taylor' s (1968) notion of "forecasting" lS relevant to the 

objective of this study. À predictlon statement can be 

identified as a possible outcome that lS neither given, nor 

readily apparent, in the problem. 

In addltion, students also explained how they arrived 

at their prediction and these explanation statements were 

aiso extracted from the protocols. These explanation 

statements were anaIyzed to reveal the level of lntegration 

of students' prior knowledge using Langer's (1981) method of 

coding. 

Langer (1981) provides a method of anaIyzing verbal 
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data in order to understand the organization and integration 

of prior knowledge. The coding scheme was originally 

developed for analysis of text comprehension. Construction 

and application of the scheme was based on the assumption 

that the organization and categorization of prior knowledge 

is directly related to the retrieval and utilization of the 

knowledge fram various sources. The coding scheme provides 

an analysis of the level of integration and organization of 

prior knowledge statements. (a) Much association refers to 

superordinate conceptions of prior knowledge, demonstrating 

evidence of hlgh-level integratlon of knowledge by giving 

definitioJ1s, analogies, or a linking of that concept with 

another concept. (b) Some association refers to concepts 

with some lntegration of prlor knowledge, generally taking 

the form of attrlbutes, examples, definlng characteristics. 

(c) Llttle associatlon includes morphemlc associatlons, 

sound-alikes, or firsthand experience rather than concrete 

understanding. 

Langer's categories were developed under the 

assumption that aIl knowledge is structured in terms of a 

"proposltional network" (Anderson, 1976; Anderson & Bower, 

1973). ThlS network is made up of a set of information and 

knowledge linked together to form complex relationships. 

Thus, the more complex the linkages, the more integrated the 

prior knowledge. These complex links aiso facilitate the 
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o retrieval of information and knowledge that is crucial for 

new learnlng, problem-solving, and other intellectual tasks. 

Langer (1982) applied the phenomenon of knowledge 

integration to text comprehension and conflrmed that good 

readers are aware of the structure of their prior knowledge 

and make full use of i t . 

The notion of knowledge integration is particularly 

relevant to science investigations. Science and reading are 

similar learning situations that rely on the reader's past 

experience and knowledge (Langer, 1982, pp. 151-153) The 

processes, such as predicting, planning, checking, 

evaluating, comparing and monitoring are ~mportant processes 

executed during reading actlvities. More importantly, these 

- are also unavoidable processes of science. Therefore, there 

is some justiflcation in adjusting the Langer coding scheme 

to the categorlzatl.On of SClence knowledge. 

The explanation statements selected from the students' 

protocols were also analyzed according to the way in which 

the level of thlnking was inferred. Bloom's taxonomy (1956) 

provided six categorie~ of cognitive behaviors: knowledge, 

comprehension, application, analysis, synthesls and 

evaluat ion. These six categories are presented in an or der 

that depicts progressively complex thinking behaviors, 

i.e., accurate display of a higher-Ievel thinking is less 

probable than a relatively lower-level thinking (Bloom, 



( 

51 

1956, p. 19). The application of these categories permitted 

inferences to be made concerning how students manipulated 

their prior knowledge ln various cognitive activities. 

Combin i ng the cat egori es of bot h Langer (981) and 

B100m (1956) facilitated analyses of the data for this 

study. The two schemes provided evidence about the 

c orrespondenc e between c omplexly organ i zed knowl edge (from 

Langer) and the ability to use the knowledge to induce 

high-level thinking (from Bloom) 

Summary of Verbal Protocol 

Predictive statements, explanation statements, coding 

of prior knowledge integratlon and level of thinking, 

together comprised the "summary of verbal protocol" 

(Àppendix D). Each of the prediction and explanation 

statements was assigned a " s tatement number" for reference 

purposes. 

In the "summary of verbal protocol," information is 

presented in four columns: Ca) predlctive statements, (b) 

explanation statements, (c) coding of explanation statements 

as they infer cognitive behavior outlined in Bloom's 

Taxonomy l1956), and (d) coding of explanation statements 

according to the adjusted Langer' s (1981) scheme. 

Throughout this thesis, references to the "summary of verbal 

protocol" are made, in parentheses, in the following manner, 

For exampl e: 
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CHA2. A ,23) 

refers to the second high-ability student (HA2), who 

responded during during the first problem-solving scenario 

1 
(A), and the 23rd statement that the student made. 

Similarly, (AAS,B,IS) refers to the fifth average-ability , 
~ student, who responded in the second problem-solving 

scenario, and the ISth statement made by that student. 

The selection of the predictive statements and the two 

coding schemes for the explanation statements are outlined, 

in detail, as follows: 

Coding predictive statements. Predictive statements 

were identified using Taylor's (1968) crlterion. Examples 

- of such statements are as follows: - (1) l think that the plant would die. 

(2) It will grow towards the larger one. 

(3) It i8 going to weigh considerably less. 

Coding levels of integratlon. Langer's (1981) scheme 

was adjusted ta be used ln categorizing prior knowledge of 

science according to three levels of knowledge integration. 

Integration of knowledge, in the context of science, refers 

to the relationship between concepts, ideas and information. 

Thus, a high degree of integration would correspond to 

complex relationship within knowledge structure. The 

adjusted coding scheme is as follows, with examples from the 

students' protocols: 
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(a) Well-integrated statements would involve giving 

definitions of scientific terms, linking of concepts, and 

making analogies between related science events, for 

example, 

Cl) condensation causes humidity: 

(2) in a closed system, you have the water cycle: 

(3) a plant would die if it doesn't have light. 

(b) Moderately integrated statements would convey 

attributional properties of scientific phenomenon, define 

characteristics, or present a parallel example, for 

instance, 

(1) with the plastic bag, water evaporates; 

(2) the leaves have veins to draw the fluid: 

(3) water will evaporate from the pores. 

(c) Statements WhlCh lack integration are those that report 

vague associations between events, first hand experiences 

and/or direct observations, etc., for example, 

(1) the roots in the water soaks up the water: 

(2) l saw this in the plants at home: 

(3) water is not just going to stay in the bottom. 

AlI the explanation statements obtained from the 

students' protocols were, in this way, categorized by one of 

th~ above categories. The codings reflected the degree of 

integration that was evident in students' p ior knowledge 

concerning plant growth. 
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Codinq levels of cognitive behaviors. Bloom's 

taxonomy (1956) was applied in classifying explanation 

statements into one of the six levels of cognitive 

behaviors. The coding scheme is as follows, with examples 

taken from the st udent s' protocol s : 

(a) Knowledge: Information that one remembers, either by 

recognition or recall, for example, 

(1) plants need water for normal growth; 

(2) water evaporates from the surface of the leaves; 

(3) chlorophyl makes the leaves green. 

(h) Comprehension: Grasp of meaning or intent of oral or 

written material, for example, 

(1) the plant is going to use the water from the soil; 

(2) the plant is in a box and the light comes through 

herej 

(3) more light is coming in through the bigger hole. 

(c) Application: Remembering and applying generalizations 

and principles to given material, for example, 

(1) the roots are going to use it up for plants normal 

growth; 

(2) the soil will soak the water up; 

(3) it will evaporate, like, if you spill water, 

i t'Il dry up. 

(d) Analysis: A breakdown of information into constituent 

parts in order to detect interrelationships, for example, 
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(1) when i t is small, i t i s going t 0 turn to the 

bigger hole because more light gets in; 

(2) the plant is going to try and get sunlight and 

minera l s, ca use i t needs it; 

(3) if i t i s in this stage, i t would grow towards the 

top. 

(e) Synthesis: Putting parts together to form a whole, for 

example, 

(1) with 1 ight, i t is green, without light it is 

brown; this shows that sunlight is necessary; 

(2) the plant has grown bigger because it has found 

sunlight. 

(f) Evaluation: Making judgement, for example, 

(1) the plant has to grow, it is going to keep growing 

this way; 

(2) the weight wi 11 be less hecaus e all the wa ter wi Il 

be evaporated; 

(3) i t wi Il lose sorne weight, but not too much, since 

part of it is protected. 

Students' exp1anation statements ",ere coded according 

to the above six categories. The codings reflected those 

cognitive behaviors exhibited by students as they make 

predictions. 
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Data From Two Interviews and Miscellaneous Data 

Interviews 

The i nt ervi ews were audi otaped and t ranser ibed. 

Analysis revealed that the students obtained their science 

knowi edge from teachers, sibl i ngs, parent s, tel evisi on, 

magazines and books. Extraet s of students' sources of 

knowledge are present~d in Appendix E. Information from the 

interviews ·,.,as then used to corroborate the results 

concerning each student' s level of knowledge int egrat i on and 

their display of cognitive behaviours. 

During the second interview, students were asked (a) 

whether they perceived that prior knowledge was important 

for Iearning situations, and (b) how they would use their 

prior knowledge in science investigations. The protocols 

from these interviews are presented in Àppendix F. The 

purpose of t he sc i ence 1 essons was t 0 al ert students t 0 the 

importance of accessing and utilizing prior knowledge, and 

to teach them specifie skills in accessing and utilizing 

this knowledge. The students' responses in the second 

interview would, therefore, give insight concerning how weIl 

these understandings and ski Il s were eonveyed during the 

science lessons. 

Selected excerpts from the interviews are presented in 

the following manner, for example, 
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02, HA3) 

represents the second interview (12) and a statement made 

by the third high-ability student (HA3). Similarly, 

(I2,AA5) refers to the second interview and a statement made 

by the flfth average-ability student. 

MisceIIaneous Data 

This study includes fieldnotes of students' classroom 

interactions during the three science lessons. Students' 

participation and on-task behavior were noted, and would 

provide additional understanding concerning the students' 

reactions during the science Iessons. Reports of students' 

projects, carried out during the lessons, were also recorded 

and reviewed. The ways in which the students had used their 

prior knowledge during the classroom investigations could be 

evident in these in-class project sheets. These 

miscellaneous data were also referred to in the analyses of 

the science lessons. 



.... 
-

CHAPTER 5 

Results 

58 

The previous chapter described the manner in which the 

data were organized and coded. This chapter presents the 

analyses of results of this study. The science lessons are 

examined and reveal that the specifie objectives of the 

lessons were only partially fulfilled. Analyses of the 

students' protocols during the two problem-solving scenarios 

are subsequently presented. The application of Langer's 

(1981) scheme revealed that high-abjlity and average-ability 

students showed different levels of integration of prior 

knowledge. Students' ability to engage in higher-level 

thinking was compared using 8loom's taxonomy (1956) as an 

analytical scheme. Finally, the relationship between 

Bloom's and Langer's codings is anBlyzed and discussed. 

Analvsis of the Science Lessons 

Three science lessons on "electrollagnetism" were 

scheduled during the last period of three consecutive 

days. It was intended that the teacher would incorporate 

"Rational Ideas About Scitmce" (Wolfe, in press) in her 

teaching process by provld in, direct instruction on how to 

aecess and utilize prior knowledge during the science 

investigations. Transcripts of these lessons are available 
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upon request. 

Analyses of the lessons showed that the planned 

objectives were only partially fulfilled. The teacher did 

present the importance of accessin, and drawin, on prior 

knowled,e. However, she did not put emphasis on teaohing 

the students ~ to utilize their own prior knowledge in 

particular or novel situations. Interviews with the 

students, carried out followin, the science lessons, 

eonfirmed that the students were aware that usina prior 

knowled,e was important for new learning. They were not, 

however, proficlent in usin, their knowledge in novel 

situations. 

Extracls From the science lessons that capture the 

empha=~~ vn accessing prior knowll '~e are presented in the 

following section. Supporting evidence from students' 

in-class projects is also included to substantiate the 

evidence. 

Accessioi prjel knowledae. Traoseripts of the lessons 

provided evideoce that the teacher did convey to studeots 

that it was oeeessary to gain aeeess to one's prior 

koowledge in learoio, situations. The followin, extracts 

are taken from the first lesson (the notation followin, 

each statemeot is explained in Chapter 4): 
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T: Ne are findina that the more things that you can 

brin, out of the back of your heads, the better you 

can learn in science (S,1,2). For each of these 

lessons, it is very important that you try to 

bring out as much as you possibly cano Bring them 

out trom the back of your heads (S,1,3). 

The teacher then encouraged the use of "brainstorlling" 

techniques to lead students through the process of bringing 

into awaremness what they already knew about 

electromagnetism, For example: 

T: Here is the way the lessons are going to go, l'Il 

going to start off today doing brainstorlling (S,l, 

4) , 

What you do this afternoon will depend on how much 

you can successfully bring out from your head. So 

you really have to think about everythini that you 

know about electromagnetism (S,l,5). 

The rule of brainstorming is that you cannot 

exclude any ideas (S,l,6). 

Remember what l have just said: how you are 

going to do well in the investigation that we will 

do later, depends on how much about magnetism you 

get out froll your head. 
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Throughout the science lessons, the importance of 

accessing aIl the prior knowledge on magnetism was drawn to 

the attention of students. For example: 

T: Let's say this is how much you've .ct in your head 

and this is how much you've been able to pull out 

(draws a cube on the board and indicates that it 

is half full). Usina what we've just brought out 

and hearing what someone else just said, think of 

anything else that you can put down (S,l,11). 

Supporting evidence was further generated from careful 

observations of students' in-class projects. Both ability 

groups responded weIl to the teacher's encouragement to 

access prior knowledge and students were able to generate 

long lists of information related to electromagnetism. 

(Students' in-class projects can be provided upon request.) 

Close examination of these lists suggested that students 

abided by the rule of brainstorming, i.e., not to preclude 

any ideas, and to include a range of relevant information 

from specifie to general statements. 

The ab ove observations thus suggested that the three 

science lessons were successful in teaching students how 

to acces§ their prior knowledge. In the following section, 

the other objective of the science lessons, i.e., to teach 



--

62 

students how to utilize their prior knowledge, is discussed. 

Interviews with the students after the lessons were used to 

corroborate the results obtained from protocols of the 

science lessons. 

Utilizing prior knowledge. It was intended that 

the teacher would lead the students through investigations 

and discussions and explicitly teach them how to make use of 

their prior knowledge in science investigations. Analyses 

of the lessons indicate, however, that the students were 

grouped together and asked to carry out their investigations 

and discussions within the groups. For example: 

T: l'I1 going to put you in groups of three. I want 

you to come and get a set of magnets, a compass, 

and some paper clips (5,1,12). 

Then, I want you to go back to where your brain-

storming sheet is (5,1,12). 

1 want you to pick one thing that you will 

investigate with the other two people in your 

group, using magnets, a compass and paper clips 

(5,1,15). 

T: O.K. 1 want you to stop right now. Put everything 

you have in your hands down and look over here. 1 

want you to write down everything you did by 



( 

( 

( 

63 

answering the work sheet for Investigation One. 

Write down what you investigated and how you went 

about doin, it. Write down a1so what you saw and 

how vou could explain what you saw. You can 

discuss it with your two group partners. You have 

ten minutes to do this, and then you'll clean up 

and bring out aIl the magnets, compasses and paper 

clips (S, l, 16) . 

The teacher did not lead the students through any 

discussion, nor did she provide the students with explicit 

instructions or examples on how to utilize their prior 

knowledge in novel investigations. The students were 

provided with little guidance throughout the investigations. 

Although the teacher did circulate from group to group to 

observe the students' investigations, they were left to 

freely explore their own ideas. 

Evidence to suggest that students were not proficient 

in utilizing their prior knowled,e was also found in the 

interviews. In the second interview, after the science 

lessons and following the second problem-solving scenario, 

students were asked to respond to two issues: (a) whether 

they believe that, in science. it is important to make use 

of what is already known, and (b) how prior knowledge can be 

used in new investigations (Appendix F). 
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G Review of the students' responses during the interview 

suggested that aIl the students were aware that prior 

knowledge plays an important role in learning situations. 

They aIl responded to the first question in the affirmative. 

Some of the students gave further elaborations that Dakin, 

use of prior knowlege helps to "remember Dore" (I2,AA2), 

and is illportant for Ilakin, "guesses" in novel situations 

(I2,HA1). 

Nhen asked to explain ~ prior knowledge could be used 

in science investigations, none of the students was able to 

exp Iain how pr ior knowledge can be used. Some of the 

students stressed that prior knowledge enables the learner 

to understand classroom lessons better. For example: 

AA1:Nell, if we use what we already know and put it 

with stuff that we're learning now, we Ilight 

understand i t bet ter (12, AAl ) . 

AA2:Because if you know something, that might bring 

Ilore things to your mind about things that you are 

learning about (I2,AA2). 

HA3:If you do know [something), then it's really nice 

because then you have it right there and you know 

what they're talking about and it's really easy to 
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understand what they're talking about (I2,HA3,2). 

Responses of some students indicated that they believed 

that prior knowledge can be helpful by providing an 

anchor for new learning. For example: 

HA2:If you already know a little something, then you 

can look up more things to ,et more detail 

(I2,HA2). 

You already have a background in which to work at 

(I2,HA2). 

If it was something that was buried deep in your 

understanding, you already know something about it, 

it would help you research it (I2.HA2). 

HA3:I think it lS because we get more knowledge as we 

go along and out past experience and knowledge can 

also help us when we're learning new stuff 

(I2,HA3). 

Students' responses during these interviews suggested 

that they were taught that prior knowledge is important in 

investigations, but they lacked the understanding of how 

prior knowledge could be utilized in the investigations. 

These observations corroborated with the evidence that the 
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science lessons, indeed, alerted students to retrieve and 

access prior knowledge through brainstormlng techniques. In 

spite of thlS, the students were not provided with explicit 

instructions and guidance on how to apply the prlor 

knowledge to their investigations. 

Since the objectives of the science lessons were only 

partially fulfilled, students' ability to utilize prior 

knowledge in problem-solving scenarios, before and after the 

science lessons, will not be compared. This decision is 

also supported by the eVldence that students' problem-

solving behaviours before and after the science lessons was 

not significantly different. Thus, in the following 

section, discussions of the students' knowledge integration 

and levels of thinking consider their behaviours in both 

problem-solving scenarios. 

Analysis of Students' Protocols 

Level of integration of prior knowledge. In or der to 

look at the way in whlch students integrated their prior 

knowledge, Langer's coding scheme was adJusted to provide 

three categories ln WhlCh students' prlor knowledge was 

considered to be weIl integrated, moderately integrated, or 

lacking intègration. The experimenter and two blind-raters 

classified students statements of prior knowledge. and 

reached an lnter-rater aggreement of 96.44%. 

A close look at the students' responses supports the 
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view that the high-ability students who participated in this 

study presented well-integrated statements of prior 

knowledge across the first and second problem-solving 

scenarios. For instance, in making predictions about the 

weight of the plant CAppendix D), the high-ability students 

reported that the weight of the plant would be considerably 

reduced. One student explained it this way: 

HA3:The water in the pot is going to the leaves 

CHA3,B,2) , 

the plant is going ta use the water in the sail 

CHA3,B,3), and 

water evaporates from the surface of the leaves 

CHA3,B, 14) . 

This series of responses infer that prior knowledge was 

well understood and weIl integrated. The student showed an 

understanding of transpiration and, in turn, an 

understanding of the relatlonship between the given 

conditions of the problem and the natural processes of plant 

development. Further examples of weIl integrated statements 

made by high-ability students are presented below: 

tlit is natural for a plant [to die] if it doesn't have 

qualities like water, sunlight <HA 4 , 10.,11)" 
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"most plants need light ta survive (HAl,A,S)" 

Olt he wa ter goes t 0 the 1 eaves and i t' S pr obably eva

porated from the sun (HA4,B,lO)" 

"the plant is going ta use water from the soil OiA3, 

B, 3) Il 

"when it is hot, [water] will evaporate inside the bag 

(HA3,B,7). When it eventually cools down, it'll go 

back into the pot again. In that way, the plant will 

use [the waterJ and then whatever is not used will 

evaporate onto the bag, and so on CHA3,B,8)" 

The following examples of explanation statements made 

by average-abili~y students demonstrated lack of integration 

of prior knowledge: 

"[moisture] cornes from the sail when you water the 

plant (AAl, B, 6) " 

"[the roots] live in the sOlI, the soil doesn' t have 

the 1 i 9 h t (AA 1 , A , 6) " 

"if plants don't get moisture, they will all dry up 

(AA2 ,A, 15) Il 
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"[the water) would come out at the bottom, you'd have 

a muddy batch <AA3,B,S3)" 

"[waterJ will soak into the stem. [The stem) is like a 

sponge or something (AA4,B,ll)" 

"[without the moisturel the soil will become hard like 

a rock and the roots won't be able to travelo It'd be 

too ha rd for [the root s] t 0 push through (AAS, B, 7) " 

These statements illustrated that the average-ability 

students, in this study, showed a lack of integration of 

their prior knowledge in the first and second problem

solving scenaLios. Their statements typically conveyed poor 

use of scientific vocabulary. These students adopted 

concepts without clear understanding (AA3,B,53j AA4,B,llj 

AA5,B,7), and their knowledge and information were generated 

from daily observations. 

Other supportlng information, concernlng students' 

sources of prior knowledge, was obtained from the first 

interview with the students. Students' sources of 

information or prior knowledge contribute, in sorne way, to 

the level of integration of their prior knowledge. It is 

likely that information and knowledge generated from varied 

sources would give the students multi-dimensional 
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confirmation on a particular phenomenon. ConHequently, the 

students view the phenomenon in li,ht of its relationship 

with various other events. This process of acquirin, 

knowledge is likely to lenerate a well-integrated body of 

knowledge. In order to gain insi,ht into the relationship 

between sources of knowled.e and or.anization of knowled,e. 

interviews with the 9 students were conducted and analyzed 

ooncerning their Ilobal learnin, environment, i.e., family, 

teachers, the books that they read, and the television shows 

that they watch (see Appendix E). 

Close examination of the interviews suggested that 

high-ability students, indeed, had a wider network of 

information and knowledge when comp~red with the average-

ability students. 

Three out of the four high-ability students indicated 

that their usual science teachers encourage them to consult 

referenoe books available in the school library. In 

contrast, only one out of the five average-ability students 

recalled that their usual science teacher had suggested that 

they use the library for additional information. The other 

four avera,e-ability students perceived their science 

teacher as "just [living] the lessons in the class" (AA1, 

Appendix E). 

Additionally, three out of the four high-ability 

students viewed their parents as encouraging in their 
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learning, and on1y one of the five average-ability students 

gave indication that parents' encouragement was prevalent. 

Learning could be self-initiated by the learner as 

weIl, and could be evident in students' reading habits and 

their television viewing. The high-ability students aIl 

reported that they did extra reading when they had to do a 

science project, and they sought science information from 

science television programmes such as "Owl. Il Average

ability students, on the contrary, reported that they either 

rarely read books, or only read in subject areas that they 

particularly favored, none of which was centered around 

science. They aIl indicated that reading science magazines 

was an exception to the rule, and viewing science television 

programmes was not their preference. 

This information about the differences between high

ability and average-ability students in their learning 

habits and learning environment upheld the evidence that the 

former had gathered their information from a wider variety 

of sources. In turn, they were in a more advantaged 

position ta view the infor~ation that they gathered in 

various perspective, and to further gain insight into how 

science knowledge can be interrelated and integrated. Thus, 

the students' learning environment provided support for the 

observation that high-ability students, in our study, had 

weIl integrated prior knowledge related to plant growth and 
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deve1opl1ent. 

Overa11 analyses of the first and second problem-

solving scenarios a1so suggest that the high-ability 

students not only were able to report statements that are 

weIl integrated, i.e., drawn from multiple sources, they 

also reported a higher percentage of such statements when 

cOl1pared with the average-ability students. In order to 

capture this difference between the students of the two 

ability groups, a simple count was taken of the number of 

well-integrated statements. and those statements which 

lacked integration. The statements were then weighed 

against the total number of statements that a student had 

made, and expressed as a percentage of total statements. 

For instance, student HA2 made a total of 17 statements 

during the problem-solving scenario, before the science 

lessons, and 7 of these statements were well-integrated. 

This corresponded to 41.1X of well-integrated statements. 

In contrast, 2 of the 17 statements that showed a lack of 

integration, resulted in 11.8X of the total statements 

that lacked integration. In the second problem-solving 

scenario, after the science lessons, 46.2X of the statements 

made by this same student were weIl integrated (6 out of 13 

statements), and 7.6X of the statements lacked integration 

(1 out of 13 statements). 

For each student, an overall percentage of uell-
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integrated statements and those which lacked integration, 

was calcu1ated by consldering student's responses ln the two 

problem-solving scenarios. For instance, student HA2, cited 

above, reported an overa11 43.7% of weIl integrated 

statements (an average of 41,1% and 46.2%), and 9.7% of 

statements that 1acked integration (an average of 7.6% and 

11 .8%) • 

Finally, the high-ability and average-ability students 

were separated into t'Wo respective ability groups, and an 

averaged percentage of we11-integrated statements and those 

which lacked integratlon were tabu1ated for each of the two 

ab il ity groups. 

This analysis revea1ed that high-abi1ity students in 

the study reported more statements of prior knowledge that 

were well Integrated. Although these students also had 

presented knowledge statements that lacked integration, 

overa11, the proportion of weIl integrated statements 

appeared to be hlgher than those that lacked integration 

(38.4% vs. 17 5%, respect i vely) . Conver s e1y, the trend 

was reversed among average-ability students. These students 

communicated a high proportion of prior knowledge statements 

that lacked integration, and in only a scattering of 

instances did they demonstrate sorne ability to deliver 

prior knowledge statements that were well integrated (63.3% 

vs. 3.9%). Chi Square Test of Homogenei ty revealed that the 
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differences between high-ability and average-ability 

students reached statistical significance (X, 2(2, tI. = 9) = 
243.0, " < .001). These results are shown in Table 1. 
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Table 1 

Hi.h-ability versus ayera.e-ability studentsj 

75 

A comparisoo between the proportion of well-into,rated and 

lack of integration statements. 

high level 

integrat ion 

Iack of 

integration 

high 

abili ty 

38. 65~ 

17.53% 

average 

ability 

3.86~ 

63.33% 

In summary, the high-ability students in this sample 

demonstrated that their prior knowledge was better 

integrated Rheu compared with the average-ability students. 

In contrast, the average-ability students Here more likely 

to have knowledge that was generated from first hand 

experiences and lacked integration. 
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Levels of thinkinq. Understanding of students' level 

of thinking lS facilitated by the use of Bloom's Taxonomy 

(J956). It Includes SIX levels of thinking wIth progressive 

complexity: knowledge, comprehensIon. applicatIon, analysis, 

synthesis and evaluation. Data analysis for th1s study was 

guided by this taxonomy in order to understand the level of 

thinking displayed by the high-ability and average-ability 

students who participated in the study. The experimenter 

and two blind-raters determined the level of thinking, and 

reached an Inter-rater agreement of 95.56%. 

Overall analysis of the students' protocols in the two 

problem-solving scenarios revealed that the high-abillty 

students who particlpated ln the study were more capable of 

using their prior knowledge to produce h1gher-level 

thinking. In contrast, the average-ab1l1ty students 

characteristically demonstrated lower-level thinking more 

readily. 

The average-ability students in the sample typ1cally 

reported straight-forward reiteration of prior knowledge and 

observations. This type of knowledge statement represented 

low level cognitive behav10rs that reflected little 

understanding. For example: 

Il [plants] grow when sunlight is coming aIl around it 

(AAI ,11.,4) Il 
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"the pots are made of cement stone .... salle of thell have 

hales at the bottom (AA3,B,52)" 

Some of the statements made by the average-ability 

students demonstrated the lowest level of understanding. 

They were able ta make use of materi~ls and information and 

restate them in their own words. Yet, they were unable ta 

relate the information with other ideas or knowledge, nor 

were they able to predict common trends and gen6~alize their 

understanding to more complex situations. This type of 

thinking process was reflected in the ability ta demonstrate 

comprehension of their prior knowledge, for example: 

"[the water] would come out of the bottom .... you'd have 

a muddy batch (AA3,B,53)" 

"if you take the bag off, [the lIoisture] wou Id j ust go 

straight up [along the st<"m] (AA3,B,10)" 

Students of both ability groups were able to apply 

prior knowledge ta other situations in which similarities 

were apparent and easily observed. They demonstrated the 

ability to make applications. For example: 

.. the stem is like a sponge or something (AA4, B, Il)'' 



78 

"with the light coming in .... leaves would start cOlling 

ou t (AA3, A, 15 ) " 

"the roots are going to use [the water] up for the 

plant's nornal growth (HA3,B,4)" 

The ability to analyze suggested the ability to detect 

relationships between events and observations, and was lIore 

evident among the high-abili ty students in the sample. They 

reported statements such as: 

"[the plant] nsads water ta grow, but if there is too 

nuch wa ter .... i t wou Id have to get r id of i t 

(HA2,B,19)" 

"[the larger light source] will give [the plant] more 

chance for getting the mineraIs it needs (HA3,B,18)" 

The high-ability students in the sample were also 

likely to exhibi t synthesis. Not on ly were they able to 

detect rela t ionsh ips in their observations, they were a1so 

able ta make sense or the re 1 a t ionships to produce a un ified 

concept. Th is was captured in such statements as: 
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"the plastic ba, is insulating. Ilakes it hotter inside. 

[The water) will evaporate. and then it would turn froll 

water vapor to water condensin, on the sides of the 

b ag ( HA 4 J B 1 16 ) .. 

"when it eventually cools down. [the water] will go 

back in to the pot aga in. In tha t way, the plant wi Il 

use it and then whatever is not used will evaporate 

onto the bag and so on. The cycle will be repeated 

(HA3,B,8)" 

Evaluation was observed only among high-ability 

students, although with low frequency. This level of 

thinking was evident when a student attempted to assess the 

validity of an observation or an argument, for example: 

.. [the plant] has to grow .... i t has to keep growing this 

way (HA3. A, 38) .. 

.. if thFiL"t: is no bag around i t, then most of the wa ter 

even befol·e i t gets up to the plant is going to 

evapora te (HA3. B ,15)" 

One objective of this study was to examine the 

difference between high-ability and average-ability students 

• 
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Cl in their levels of cognitive behaviors. Further evidence 

was also found to support the claim that higher-Ievel 

thinking was characteristic of the high-ability learners in 

the study. A simple count compared the percentage of 

statem~nts at each level of thinking. 

An overview of the comparison between the students of 

the two ability groups suggested that average-ability 

students frequently reported statements that indicated 

lower-level thinking, such as .. knowledge" and 

"comprehension," when compared with their high-ability 

counterparts. Contrarily, high-ability students were able 

to demonstrate higher-level thinking, such as "application," 

"analysis," "synthesis," and "evaluation," more often than 

the average-ability students. A comparison, across the two 

ability levels, in each level of thinking was obtained. Chi 

Square Test of Homogeneity revealed that the differences 

between the two groups of students reached statistical 

significance (X 2 (5, ti = 9) = 187.05, "- < .001). These 

results are illustrated in Table 2. 
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Table 2 

Percentaee of statements for eacb co,nitiye bebayiou~ 

as a cOllparison between bigh-ability and ayerage-ability 

students. 

high-abili ty 

students 

Knowledge 24.6% 

Comprehens ion 18.7% 

Application 13.5% 

Analysis 14.9% 

Synthesis 22.9% 

Evaluation 14.8% 

average-ability 

students 

35.8% 

55.8% 

12.5% 

5.4% 

1.4% 

0.0% 

In summary, it was observed in this study that the 

high-ability students made more attempts at bigher-Ievel 

thinking than their average-ability counterparts. In 

addition, the average-ability students more frequentIy 

exhibited tendencies towards lower-Ievei thinking. 
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Utilizio, prior koovledae in science ioyesti,ations. 

This study investigated the difference between high-ability 

and average-ability students in their ability to use their 

prior knowledge in manners that facilitate the display of 

high-level thinking. It should be emphasized that although 

well-integrated prior knowledge (as assessed by Langer, 

1981) can produce higher-level thinking (as labeled by 

81oom's cognitive taxonomy, 1956), this relationship is not 

necessarily a direct one. Higher-level thinking can be 

observed only when prior knowledge is effectively utilized. 

Close examination of the protocols of the problem-

solving scenarios suggested that students of the two ability 

groups demonstrated differential ability to translate their 

knowledge into cognitive behaviors. The high-ability 

students more aften used well-integrated prior knawledge ta 

produce higher-level thinking. For example: 

HA1:Do the leaves have pores? Ah .... water will 

evaporate from the pores!(HA1,B,25) 

[The plant would then weigh less] (HA1,8,26), but 

very slightly (HA1,8,27). 

The student was able to aCC9SS the prior knowledge that 

there are pores on the surface of leaves, and that water 

evaporates fram the surface of the leaves (HA1,B,25). This 
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prior knowledge was considered to be w~ll-integrated since 

it defined the relationship between water lOBS and plant 

structure. The student's accurate use of this knowledge te 

make a prediction suggested the ability to synthesize 

information fron various sources to create a coherent 

perspective (HA1,B,26j HA1,B,27). Another high-ability 

student also denonstrated the ability to utilize well

integrated prior knowledge into high-level cognitive 

behaviours. For exanple: 

HA3:The plant May bend towards [both of the] light 

sources (HA3,A,36). Up until the half way point, 

then the leaves will start turning towards the 

light source to the right (HA3,A,37). [The plant] 

has to grow. It has to keep growing this way 

(HA3,A,3B). 

This student was able to identify and access the prior 

knowledge that plants tend to bend toward the light source 

(HA3,A,36). This prior knowledge is well-integrated sinoe 

it linked together concepts that plants need light for 

growth and the presence of light will alter the Manner in 

which plants will grow. Furthermore, the student was able 

to use this knowledge to specify the way in which the plant 

will grow (HA3,A,37) and subsequently eveluated the 
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o conditions, and concluded that the plant had to ,row in the 

proposed manner (HA3,A,38). 

Similarly, this student used well-integrated prior 

knowledge to exhibit higher-level thinking in another 

problem-solvin. scenario. For example: 

HA3:[The plant would weigh less] because of the 

evaporated water (HA3,B,13). Water evaporates from 

the surface of the 1eaves (HA3,B,14). If there is 

no bal around it, then Most of the water even 

before it ,ets to the plant is going to evaporate 

(HA3,B,15). 

This student had well-integrated knowledge that water 

evaporates from the surface of the leaves (HA3,B,14), and 

was able to predict that the weight of the plant would 

decrease (HA3,B,13). Furthermore the student was able to 

use the prior knowledge in making an evaluation about the 

,iven conditions of the problem-solving scenario. He 

suggested that if the conditions were different, the 

prediction made would have been different. This student 

demonstrated the ability to consider the given conditions 

carefully and integrate the given conditions with his prior 

knowledge in a prediction-making scenario. 

Contrary to the high-ability students, the average-


