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1. & (structure=S)

2. #se (function=F)

3. 17%) (behavior=B)
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Figure 1. A schematic diagram of the knowledge pieces about components and their rela-
tions. Dotted lines and boxes indicate information missing from the text (S=structural
property; F=tunction; B=behavior}.
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Figure 2. Percentage of correct answers on pre- and posttests across all 24 subjects for all
four categories of questions (all geins are significant at the .001 level).
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Figure 3. Percentage correct answers on pre- and posttests comparing prompted (n=14)
and unprompted (n=10) students.
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TABLE 2
Exomple of Self-explanation Coding

Sentence 118:

Student:

Experimenter:

Student:

Explanation 1:

Explanation 2:

These substances (including vitomins, minerals,

amino acids and glucose), are absorbed from the

digestive system and transported to the cells,

"Okay, so that's the point of what hepatic
portal circulation [is]. To pick up these nutrients,
1 would guess.”

“Okay, why would you say that?"

"Well becouse it says that it's absorbed from
the digestive system, um vitamins, minerals, omino
acids, and glucose,

and so that's why it's important to eat a
balanced diet, or else your cells won't get the right
vitamins, minerals amino acids, and glucose.”

Purpose of the hepatic portal circulation:
to pick up nutrients from digestive system.

Eating o balanced diet Is important for your
cells.

Explanation 1

Paraphrase

Explanation 2
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Figure 4. Percentage of correct answers for Category 1-4 questions on pre- and posttests
comparing high explainers (n=4) and low explainers (n=4).
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Figure 5. Percentoge of correct answers on pre- and posttests comparing higher abjility
(n=5) and lower ability (n=5) prompted students.
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Flgure 6, Number of correct answers to explicit and implicit tunction probes comparing
high (n=4) and low (n=4) explainers (the interaction is significant at the .01 level).

X AUHILET)L
AN DORITHENTZ K & FEEZEND 6 DDA L ZIVET IVHE A F1245%H [Table.4]

—double Loop-2 ET VN ZERIZELWET VH AT

First Phase (Pretest) & Third Phase (Posttest) 28I 2SMERED A LV X ILET L
[Table.5]

Pretest : 21%(no loop &7 /L), 50%(single loop &7 /1)

Posttest : 25%(double loop-1 & 7 /1), 46%(double loop-2 E7 /L)
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FHIEE © 22% 7% double loop-2 €7 /LT A Hi

FERFEN  (Posttest)
High : 100%73 double loop-2 &7 /LT 25 #i
Low : 25%7% double loop-2 &7 /L IZZE #i



FH - TEE

- AR OZL W High 7V —7 OJ 53 E L MEBREE 2 BLR L 72

® Discussion
FEEREE & RO Tl EBREED High 7 V—7& Low Z /L —7 DN G self-
explanation |37 E OMILCHMEOREL S5 2 L 2R CE -
High 7 /b — 7 EMER RIS A TE 2R KD |
self-explanation (VR VBRI 2R SH72 0 | BTERREREZ IR T D K912k D
FERFECIX, Posttest TIELWA U HILETIVIEBRTE T2
self-explanation @ 3 > DK
1. MEERICHLEREER, PR R@EseilsE 5
2. BEAFHmRR LB L < Loz e S5
3. WrktICBERE AR A CIT o D72, RERTHAZRGBIE > TLE D
- BB L TE A U H G L HEMOF EZ RO I 2ES

TR % < OF AR LT
AL AR R 2 (R S D ITER R BRI N B o 72 2
Vo LW & TR ORES LSRRI LD
- —IRENEEAS R & Ttk a2 Rl LTz
v High explainer |% k¥ 7 [#] TR & ZE Ak
T XA MIEPNTERE T L PERXESHRRE S S IS &H - oD

FE A RE S 5 720D self-explanation Z BE)JIC EF S EHE 5 L 5 1Tz D
T <



FHY - R

TABLE 1
Examples of Categery 1-4 Quastions
and the Corresponding Lines of Text Needed to Answer Them (Towle, 1989)

TABLE 4
Necessary Features for Each Type of Menial Model

Category 1: Verbatim No Loop
Sentence 127: Hemoglobin is the molecule that actually iransparts oxygen and carbon 1. Blood is pumped from the heari fo the body.
dioxide. 2. Blocd does not return to the heart.
Question: What does hemoglobin transpart? Ebb and Flow
) 1. Blood is primarily contained in blood vessels.
Category 2: Comprehension Inforancas 2. Blood is pumped from the heart to the body,
Sentence 71 Many veins pass through the skeletal muscles.

3. Blood returns 1o the heart by way of the same blood vessel.

During movement, these muscles contract, squeezing | b{md 1hmu9_r-_|_ the

veins, Single Loop
o 1. Blood is primarily contained in blood vessels.

Sentence 72:

Guestion; Besides the role of vaf.vex in the veins, what keeps blood fn:n.w ihe IU\fver 2. Blood Is pumped from the heart 10 the body.
pcrrfj o; the body moving up toward the heart through the veins, against 3. Blood returns fo the heart from the body.
gravity

Single Loop with Lungs

Blood is primarily contained in blocd vessels.

Heart pumps blood to body or to lungs.

Blood returns to heart from bedy or from lungs.

Blood tlows from lungs 1o body or from body to lungs without return to heart in
between.

5. Lungs play a role in the oxygenation of blood.

Category 3a: Knowledge Inferences 1.
Sentence 17:  The septum divides the heart lengthwise into two sides.
Sentence 18:

The right side pumps blood to the fungs, and the left side pumps blood to

other parfs of the’ Bnd

BwN

Sentence 30:

Sentence 33: Double Loop—1

Blood is primarily contained in blood vessels.
Heart pumps blood to body.

Blood returns to heart trom body.

Heart pumps blood to lungs.

Blood returns to heart from lungs.

Lungs play a role in the oxygenation of blood.

The axygenated bload returns to the left atrium of the heart.

Sentence 34:

Why would the distribution of oxygen (a systemwide function) be less
efficient if there is o hole in the sepium {a structure of the septum]?

Question:

Ll

Category 3b: Knowledge Inferences

Sentence 73:  Valves prevent the bleod from moving backwerd or downward. Double Loop—2

Pulmanary circulation is the movement of blood from the heort 1o the

Sentence 80: 1. All teatures from Double Loop—1
lungs and then back fo fhe- heurl 2. Heart has four chambers -

Santence 85: nated blood then flo merge info the pulmonary 3. Septum divides heart lengthwise—sense of preventing mixing ot blood.
veins thot lead 1o the left atrium of the heart. 1. Blood flow through heart is top to bottom.

Sentence 87:  Tha pulmonary vains are the only veins that carry oxygenated blocd. 5. At leost three of the following:

Question: Why doesn’t the pulmonary vein have a valve in it? Blood flows from right ventricle to the lungs.

Blood flows from lungs to left atrium.
Blood tlows from left ventricle to body.

Category 4; Health
Blood flows from bedy to right atrium.

Sentonce 3: I'he blnod maving | through the vessels serves as the transport maduum for

oxygen. nutnen?s and Dlher aubstunces

S veral venules in turn unite to form a vein, o large blcod \ressel thul

es h!ond to 1 -Fm-hear!

Sentence 64:

Sentence 76: Harvey first showed the heart and blood
' clused systemn of circulation.
Question: Suma snuke brres can be n‘angwaus because fhe snoke venom causes
muscle paralysis (muscles bacome immobile —con't mave). How is it that o
person can die in o short ameunt of time frem such a snaoke bite, even
when the bite is on the ankle?
TABLE 5
Prompted and Unprompted Students' Pre- and Posttest Mental Models
Student Inferences Pretest Model Posttest Model
Prompted
High
1 m Single loop Double loop—2
2 87 Single foop-lungs Double loop—2
3 B4 Single loop Double loop—2
4 64 Single loop Double loop—2
Medivm
5 47 Single loop Single loop-lungs
[ 47 Single loop Double loop—2
7 42 Ebb and flow Double loop—2
8 40 Single loop Double loop—2
Low
9 35 Single loop-lungs Double loop-—2
10 33 No loop Single loop-lungs
n 28 Single laop Double loop-1
12 20 Single loop-—lungs Double loop—1
Excluded
13 20 Single loop Single loop (no CAT score)
14 7 No loop No loop (outlying CAT score)
Unprempted
15 Single loop Undeterminable
16 Single loop-lungs Double loop—2
17 No loop Double loop—1
18 Single loop Double loop—1
19 Double loop—2 Double loop—2
20 Ebb and flow Double loop—1
2 No loop No loop
22 Single loop Double loop—1
23 No loop No loop
24 Single loop Double loop—2




