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(Alves, Gierl, & Lai, 2010;
Daniel & Embretson 2010; Gierl & Haladyna,
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(Eysenck
& Keane, 2000) s

(nine-dot problem),

(“Tower of Hanoi” problem) s

(Anderson, 1993; Snow
& Lohman, 1989; Lohman, 2000)

(Mayer,
Larkin, & Kadane, 1984)

- (means-end analysis)
(domain-dependent strategy)

(domain-specific strategy)

- (SB5; Roid, 2003)
(WAIS-R; Wechsler,
1997) (WISC-III; Wechsler,
1991), (ASVAB; Ree
& Carretta, 1995)
(quantitative reasoning ability)
- (Horn & Cattell, 1966)
(three-stratum-theory of intelligence;
Carroll, 1993) ,

(Sebrechts,
Enright, Bennett, & Martin, 1996) s

(affordance),

s

(Embretson, 1998)

>

(Cronbach,
1957) ,

(explanatory scale),
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(problem translation) 75x8+75t=(75+120)t, t
(Mayer et al., 1984)
(Kintsch &
Greeno, 1985) S R 75x8=120t
(proposition), (text ,
base; Kintsch, 1998) (solution execution)
R (problem integration) (Mayer (Mayer, 1998)
etal., 1984) s
s (situational (Hegarty, Mayer, &
model; Kintsch & Greeno, 1985; Nathan, Kintsch, & Monk, 1995) (schema)
Young, 1992) , 1 ) -
, (hypothesizing-and-testing) (Chi,
s Feltovich, & Glaser, 1981)
(Mayer et al., 1984)
( ) b
) (Arendasy &
, Sommer, 2007),
(Marshall, 1995)
, (problem (Hinsley,
model; Kintsch & Greeno, 1985; Nathan et al., Hayes, & Simon, 1977) R 1,

1992)

(Koedinger & Nathan, 2004)

(solution planning)

5

113 LIS kL) 113 ”

’

(Sweller, 1989)

(Anderson, 1993;
Feldon, 2007)
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(De Corte, Verschaffel, & De Winn, 1985)

s

(Sweller, 1989) -

(means-end method)

(unwind) (ratio setup)

(guess-and-test) (model-
based simulation) (Koedinger &

Nathan, 2004; Sebrechts et al., 1996)

, Sebrechts (1996) s

(
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(real-life situation)
(quantitative structure)
(1
. (2
. (3)
41 NRABMESHFEAR

( 0.36
0.87 : Aiken, 1971)

, (Abedi, 2004;
Shaftel, Belton-Kocher, Glasnapp, & Poggio, 2006)

s

s (Abedi & Lord,
2001; Johnson & Monroe, 2004) Shaftel (2006)
(
R’ , 47 10 0.134 0.07
0.041)
(structural feature)
(syntactic
structure) (semantic structure) (Loftus &
Suppes, 1972) Mayer (1984)
(assignment)
(relation) (question)
, «“ 75 ?
120 ?
« 9

(Lewis, 1989; Lewis & Mayer,
1987; Mayer, 1982)
Lewis  Mayer (1987)
(compare problem) ( 1)

(inconsistent language problem)

(consistent language problem)
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F1 WEFFRH LI AR H Lewis & Mayer, 1987)
3 s 5 3 s 5 >
? ?
8 , 5 8 s 5 )
? ?
(marked) , 75,8 120 s
Clark (1969) (theory 1 ( )
of lexical marking),  ...... S e s 2 )
...... , , 2 , 3 5
...... , , 1 1
(unmarked) . Lane (1991)
...... (
, Kintsch Lewis ),
(1993) s e ,
(mental number line) Shalin  Bee (1985)
( ), ,
, , (extensive variable) (intensive variable)
(primary
> property), )
(secondary property),
42 MABHYHTEHE. RBREXAR (mapping between two extensives),

(working
(Sweller, 1989)

(Stillman, 1996)

FHERRED

et

(attention resources)

memory capacity)

)]
. (@

(variable)

(Nesher & Hershkovitz, 1994)

>

s b}

(Koedinger & Nathan, 2004)

3 (Tabachneck,
Koedinger, & Nathan, 1995)
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s (Enright, Morley, &
Sheehan, 2002)
(Sebrechts et al.,
1996)
B E G FI T E R AR
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(quantity) s
66( ) 75 ’!’
o “C)
120 ”»
+120 7,
N (13 . X
(triad),  “ » o« » w90 7
(elementary
structure; Sebrechts et al., 1996)
, Shalin  Bee (1985) 3
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part) 4 5 6
4 R 13
:6>< 2 (13 . +3O
5
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“48 =6 / x
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1994)
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1 1
s = ,S = T = ,T = ,D =
,D = T
( ) (number of partial equation; s
Arendasy & Sommer, 2007) S 1« (Anderson, 1993)
= +120 , 4 >
1 1 5
S , (Newell

(number of constraints to be satisfied;
Enright, Morley, & Sheehan, 2002)

5

(number of subgoal;
Embretson & Daniel, 2008)
(level of nesting; Sebrechts
et al., 1996) (Newell & Simon,
1972),

(cognitive operator)

& Simon, 1972),

s

(Daniel & Embretson, 2010;
Embretson & Daniel, 2008)
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Koedinger, Abilali  Nathan (2008)
7a (single-
LA ) referenced problem) (double- referenced
) problem) s
, ( 2 4 ),
4 bl 9
7a ( 2 7a ) s
7a (number of times unknown variable

(Paas, Renkl, & occurs; Sebrechts et al., 1996)

Sweller, 2003; Sweller, van Merrienboer & Paas,

1998),

interactivity)

7a

(element s
(Embretson & Daniel, 2008)
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> R 7b 7a
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7a
R 7b
1, 2
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s R 7b
7a s s
(intrinsic cognitive load)
7b 7a
(connected problem)
problem) (Tabachneck, Koedinger, & Nathan, 1995)

(disconnected

>

(Nesher & Hershkovitz, 1994)
EEHBHTEXANER

b (
) (number of partial equation to be

inferred) (Arendasy

& Sommer, 2007)

Embretson  Daniel (2008)
(1)
(translate) , (2)
(recall) , (3)
(generate) ,
b (
) (Embretson &

Daniel, 2008),
(Daniel & Embretson, 2010)

(Embretson & Daniel, 2008)

>

i8] 7% £5 1 5 B 3 #1118

>

(Paas, Renkl, &
Sweller, 2003)

(Low & Over, 1992),

(Chi et al.,
1981; Feldon, 2007) ,
(exposure
hypothesis; Mayer & Tajika, 1991),
Mayer

(1981)
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, (Mayer, 1982) 4.3 [E@iEE
(recall)
(reconstruction) (r s (surface
=0.85) R story; Mayer, 1981) (surface Structure;
Chi et al., 1981) (surface content;
, Blessing, & Ross, 1996) s ,
Mayer (1981) R
, (family) (problem context),
(category) (template)
(Koedinger, Alibali, & Nathan, 2008)
(source formula), = X ” s
(general form of the story line)
, ”o o ” Koedinger (Koedinger & Nathan,
(proposition 2004; Koedinger, Alibali, & Nathan, 2008)

structure) ,

13 2 1 3 i)

*(Arendasy &
Sommer, 2007; Blessing & Ross, 1996)

H

(typical)

(neutral) (untypical)

(external representation)

>

(algebraic
equation) (word problem) (story
problem) ,

Koedinger

(familiarity effects)

s

(more grounded)

> s

(redundant semantic elaboration)

(semantic cues) ,

1 100 / ,
(abstract symbolic representation)
S=100 / ,
, Koedinger
(situational effects),

(verbal advantage)
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Enright (2002)
Enright
Sebrechts (1996) s
(money) :
(concept) (attribute)
(relation)

(isomorphic problems; Eysenck & Keane, 2000)
Reed (1987)
(work problem) ,
76%,
(mixture problem) ,
38% Reed R )

(mapping
transparency)

, 8a 8b ,
(Hudson,
1983)

%4 8a A 5 ABFe 3 F R, RRX kB
kA ReL, BEANEHELE —F R, AN EZEL
"L AE|?

£45)8b ASARERILR, Bk % IUAN?

> >

8a (
83%; 100%),
8b (
17%; 64%) Hudson
” , Hudson
s 8a

(one-to-one matching or pairing
strategy)
(Carraher, Carraher, & Schieman, 1987; Koedinger
& Nathan, 2004; Koedinger, Alibali, & Nathan,
2008) ,

(enabling feature),

>

(facilitating) (inhibiting)
(Hall, Kibler, Wenger, & Truxaw, 1989) N
9a 9b ,
Reed (1987) s
“R1xT+ R2xT= ”

9a s
“320xT+
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430xT=2400" 9b R

s

9%

9%
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Greeno (1994)
- (processes of

agent — situation interaction) ,

Greeno (1994) (affordance

of the situation)
(conditions for

constraints),

(attunement to

constraints)
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Cognitive Processes and Task Features of Algebra Story Problems
for Item Generation

YANG Xiangdong

(Institute of Curriculum and Instruction, East China Normal University, Shanghai 200062, China)

Abstract: Cognitive item generation, rooted from the theory-based measurement paradigm, requires
formulating an elaborated theory of the measured construct, upon which task features that are linked to
cognitive variables underlying such theory can be systematically analyzed and manipulated. Cast from the
perspective of problem solving as an agent — situation interactive process, both cognitive processes of
algebra story problem solving and task affordance of such problems are systematically analyzed in this
article. Specifically, an algebra story problem is considered as a particular quantitative structure embedded
in a verbally-stated realistic situation. Three different types of representations, i.e., a textbase, a situational
model and a quantitative model, need to be formed during the four phases of algebra story problem solving
including translation, integration, planning and execution, which are further mediated by the schematic
knowledge possessed by the problem-solver. Correspondingly, Task features that are associated with
syntactic/semantic relations, quantitative elements as well as their structures, and problem situations are
analyzed and synthesized based on a broad range of relevant literature. It is evident from the current analysis
that subsequent research should focus on empirical studies to link the set of cognitive variables and task
features for such problems, as well as to evaluate the generalizability of such linkages across the targeted
domain in order for item generation of algebra story problem to lay on a solidly scientific foundation.

Key words: theory-based measurement; item generation; algebra story problem; cognitive process; task

feature



