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Textiial and situational factors in lvin - ~
) mathematical word problems. 12 o

Kurt Reusser, University of Berne.

i
'

Mathematical word problems are notoriously difficult to s‘olv‘c for students. at all’
grade levels. What makes word problems more difficult than comparable problcms pre-
sented in a numeric format? The basic assumpnon that guided ¢ our thconzmg in'the past
few years is that explanations of salvmg mathcmancal word or snuauon probiems and -
~its development roughly fail in two-categories (Cummms-Dellaroea, Kintsch, Reusser _
& Weimer 1988): Either performance deficiencies are atttibsted to lackmg abstract
- logico-mathematical knowledgs, or to insufficiently déveloped lafguage compxehcn-
sion skills. At least four general sources of difficulty can be distinguished in mathema-
tical word problems: (a) the verbal formulation of the problcm text, (b) thc structure of
the underlying episodic problem situation, (c) the \conccptual*loglco‘mathcmancal or
-arithmetical knowledge about set relations, and (d) the arithmetic - prob‘cm solvmg
skiils that are required to perform counting operations or ta resGlve equations.-

~ - N - ~
- - N ~

~

- ~  Conceptual versus linguistic factors in word prob: »ns .

Recent research on simple word problém§ including several cbmputcr sim{llhtidm
. models (Riley, Greeno & Heller 1983; Briars & Larkin 1984; Kintsch & Greeno 1985)
has focused mainly on the conceptual structure, i.e. or'the abstract loglco-mathcmancal
. knowledge undetlying the solving of word problems (Cummins, Kintsch, Reusser &
Weimer 1988) Correspondingly, many c:qpmcal studlep have revealed, for: different
age' levels, thc 1mpohance contribution of the abstract conceptual prcblcm type
(changc combmc comparc) together with the location of the unknown’ quantity, to

™
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oroblem difficulty and to, the-nature of children’s errors (For\an overview see Carpenter
& Moser 1982, 1984; Riley 1979; Riley & Greeno 1988; Reusser 1989b).

So far, less emphasis has been put, however, on otlicr, non-mathematical t2ck cha-
racteristics as, e.g., on lingusitic form factors (Janguage knowledge) and-on episodi= or
situational factors (world knowledge) which constitute the presentanonal structure
(Clark 1983), or the overall verbal setting of mathematical word problems

The following set of problem statements which mirror thé same change problem"\

type (change-4) with a.given start setand a given result ‘set and an unknown tranfer-out
set, only represents a small subset of almost nuinerous poss1ble verbal formulations of
the same episodic problem situaticn some of the linguistic-form variations are put in
paremhems every problem can be stated wnh or wnhout a pfoblem quesnon)

*  (First) Alice had 9 cookies. (T hen) She (Alice) gave some coolues LY Peter. Now
she (Alice) has 4 cookies. How many cookies did she give-to Peter?

- '~

* Alice had 9 cookies. She gave some away. Now she has 4. How many cockies did
Alice give away?

*  Alice had 9 cookies. Now she has only 4.

*  Alice got 9 cookies from Bruce. She gave some-of them to Peter. Now Ahce still
has 4 cookies left. How 1 many cookies did Peter get (frorn Ahce)” :

~

. *  Recently Bruce gave 9 -cookies to Alice. Shonly after that, Ahce had (only) four
cookies Ieft She gave some cook1e§ to Peter. How many fewer cook:es does Ahce
have now than she got from Bruce (than she had ﬁrst)"

* Recently Bruce gave.9 cookies to Alice. Shortly aftex: that Alice had (only) four
cookies left. She gave some cookies to Bernadette. How many more cookies did
Alice have first than she has now? ‘ y p

1 . i

* Peter got some cookies from Alice. Now Alice has (only) four cookies left. First
Bruce gave 9 cookies to Alice. How many cookies did Alice give to Peter?

*  Alice has a sweet tooth. From the 9 cookies she.got from Bruce, she has only 4 left.

* Alice has 4 cookies. (Before) She had 9. How many cuokies "1d she give to her
friend Peter?

*  Peter likes cookies a lot. Somietimes he gets COOk]CS from Alice. Today Alice got 9
cookies from Bruce. Then she met Peter. Now shé has (only) 4 (left).

é
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-
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*  Afier giving some cookies 1o Peter, Alice counts four cookles in her bag. Bruce.
gave her 9 cookies this moming. If. we know that Alice did not eat a smale cookie

yet, how many cookies did Peter get? -

The prob]em formuiations differ in many subtle ways, mamly in the exphcnness
of the mathematical problem swructure stated, in the presence and -quality of thé pro-
bler question, in quality and degree of elaboranon coherence, completness of the
situation description, in the lunds of presupposmons that are'made by the verbal

setting, and in the sequential order of mention of the situation elements. L

There is evidence that task variables beside the conceptual structure can have a
sxgmﬁcam influence on problem difficulty. In a study from Hudson:(1983) dramatical
changes in performance were fourd if the identical problem sitnation "There are five
birds and three worms" was presented to children of different age levels with gither of
two questions: !

. (a) How many more birds are there than worms?
(b) How many birds won’t get a worm?

Correct perfonnanee ‘with question (a) ranged from 17% to 64%, with question (b)
from 83% 10 100%. While with the unfamiliar question (a) the correct parsing of the
complex linguistic form “have-more-than” is }equired the more famiiliar question (b)

alLo“ § 10 simulate a rea] world one-to-orie correspondence of hungry birds that eat the.
_worms, Or want 10 eat. them, respectively. This important observation suggests that
word arithmetic problem solving is not just a.matter of the right arithmetic strategies

being cued by the right linguistic expressions, but that an undersianding of the situation
as a whole can constrain and facilitate the problem solving (Reusser ]985)

Results pointing into a similar direction were found in a study by De Corte, Ver-
schaffel, and De Win (1985). The authors manipulated the degree of explicitness in
which the semantic reiations between the quantities in a problem were stated.. They
found. that rewording problems in-such a way as to more explicitly or unambiguously
stating set relations facilitated correct solution of young elementary school children.

These results, among other effects of linguistic and situarional factors (Reusser &
Staub 1989; c.f. also the studies from Hayes & Simon 1977; Nesher & Katriel 1977) on
word problem difficulty, suggest that one should become more aware of wording or

- framing a particular logico-mathematical structure.

o [

The.neglect of linguistic and situational factors in mathr matical word problems is
both true for a large body of current theorizing and the majority of existing empirical

work. Numerous experimental studies have been conducted using the same linguisti-
/
\




cally and scmanncally 1mpovcnshed scLof problems (whlch contam lmlc vcrbal infor-
mation beyond what is directly relevant to the anthmcuc) and exxstmg psychologlcal
process models are - if not lacking -any assumptions at all - apparentl\' veak in their
text and situation comprehcnsxon apparatus. Either; as-in the model of : Riley et al.,

language comprehension is -completely bypasséd,"or, as in the model nf Briars &

Larkin, text processing assumptions are specifically tailered to the employed,problém. "

set. ' i

Only th° Kmtsch & Grceno model (1985) Which is based on the strategic thcory
of discourse comprehensxon dcvclop:d by Van Dijk & Kintsch (1983), ifcludes a
worked out text comprehension component. Following this approach and complcmen»

tary to a purely logico-mathematical explana-tion of problcm solving dlfﬁculues of .

young children, Cummins-Dellarosa, Kintsch, Rcusscr & chmer (1988) have put | for;
ward (and partly tested) the hypothesxs that. much of the difficulty children cxpenencc
with certain word problcms can be attnbu;ed toa dlfﬁculty in comprehcndmg complcx\
or. ambiguous language. Moreomx;m her unglcmcntanon of the Kintsch & Grecne
model, Dellarosa (1986"sce also Kmtsch 1987), was able:to. simulate errors whxch werc
due to: linguistic (lexicat) misunderstandings; -as e.g. to the faulty parsing of arithmetic

key words like "some", "altogether", or "have-more-than™.  _

- Although the Kintsch & Greeno model and its implementation by Dellarosa
(1986) is well-cuited to explore cestain types of lingistically based.errors, there are also
limitations of this approach; mamlyf related to the weak and lacking language- and
kriowledge-basec reasoning capabilities .of the model. Basically, Kintsch & Grecno
follow a one-step approach of mathematization by jumping (via some arithmietic strate-
gies) directly from the propositional text basc t0a mathcmancal problem model. As in
the other simulation models mentioned above, no_ attcmpt is made in this model to. .
understand the situation described by a word problem. This direct translation ffom text.
propositions to equations (see also Bobrow- 1964), wheré a word problem is only

.understood in ferms Of its arithmetic structure on the basis of a few key words (see .

Nesher & Teubal 1975), may. be a good idea for experts in the’problem doinain, as e.g.
for older children who know very well the probiem types with their associated mathe-
matical reasoning strategies. It is probably not a good idea for the modelling of the
behaviour of very young children, who neither possess spezialized arith\fnetiq strategies
" nor powerful verbal and world-knowledge based reasoning strategies yet, to skip-the
representation of the non-arithmetic situation.

[

This leads to our own theorizing about the role that linguistically induced under-
standing. of the situation (states, events, actions) plays in solving word problems. (Wha
is the nature a of a "model” that.is constructed from a word problem and that underlies

il

~¥

~
o eter




solution?) What are the determinants of its construction? In sum: What are the- features
of .a model that constructs a_problem representation based on strategies that take mto .
accoum the specific snuanonal structure-as well as its wordmg

Guided by the epiSIemologicai imuition that ealey mathematical learring is
embedded in everyday acting and:-reasoning (Piaget 1950; Aebli 1980), and that ma-
thematical operations are the developmiental derivatives of- concrete, sensorimotor
acting and manipulating, a process model was developed, in which the construction of
an episodic, i.e. non-mathematical situation medel is3 the:corz level of representation
as a mediating level of understanding, situated between the propositicnal text base and:
the arithmetical problem model. -

i N " ¢ ‘
From text to situation to-equation; a process model
.8 . o .

In our -process model SPS (Situation-Problem-Solver) of understanding and sol- - -
ving word. arithemtic problems-(Reusser 1989a,b) we have combine& elements of the
model of children’ s:arithmetic problem solvmg by Kintsch & Greeno (1985) with ideas
about the strategic nature-of mathemauzauon as a process of elaborative and goal-
directed text comprehensmn and. snuanon comprehension and about the teaching of
that process. For a large class of word-problems this-means to transform (translate) a
natural language text with its characteristic_fuzziness, into the canonical mpresemauon
of a formal equation. The theoretical-issues that motivates our research concerns the
nature of the "model” that is constructed from 4. word problem

|
[

SPS take&as input elementazy addition and subtractioh word lproblems,‘"understands" b~
and solves them-by means of-various types of Iexlcal ‘syntactic, semantic and pragma-

tic stratcgles and finally, gives' back a numerical. answer, embedded in-an answer sen-
tence that takes account of the problem situation. SPS is using ‘several leve‘s of com-
prehension, i.e. consists-of a progressively deepening of the understanding ofa problem
text. Ihls is reflected in the model by the con$u'ucuon of a multilayered problem repre-
sentation achieved by a hierar 1ical sn'ucture of macrostrategies (Figure 1). A first
macrostrategy guides the construction of a proposmonal structure. of case frames (text
base sensu Kintsch 1974) by using a set of lexically based propositional -~

¢

meaning postulates.. A second.macrostrategy - refering to the essential part of situation
comprehension in SPS - creates a mental model of the action or situation structure as a.
whole (the episodic problem model). After the situation model has been bmlt, a third

+

3 From an educational or instructional point of view: it should be.
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macrosuatcgy, which is mathemaucally oriented, reduces the |eplsod1c~§oblem repre-.
sentation to its abstract mathematical gist (called the mathematical problem model) by

— ~—— ~

i

"mapping the semantic relations between the states and acuons in the situatibn model
onto an abstract structure of set relations.4 After the arithmetic problem mode] is ab-
stracted ‘from the situation, a forth' mecrostrategy extract$: the numeric structure or*
equation and solves it by means of various substrategies. Finglly, a fifth macrostrategy

generates.an answer sentence-which refers back to the question or thc gap in the situa-

- tion model and gives meaning to the numeric answer. %

-~ v

SPS is'implemented as a production system in Intcrhsp-D 5ht curremly solves an
open class of about sixty word problems, most of tt.2zm bc]ongmg to-the overall type of
change problems.6 SPS tolerates a great deal of variablity in problem wording, and is
capable of doing a lot of world knowledge inferencing, mainly associated with the
molecular analysis of time and function in the action episodes. Because of its molecular
design, SPS can simulate for every word problem séveéral (up to twelve!) comprehen-
sion paths i.e. sequences of- langLai” and world.knowledge based (micro-) inferential
steps. :

Empirical work |

Word problems provide a valid discourse entity- and an interesting case in text
comprehension, because :the goal of comprehension is clcarly defined. Moreover there
exlst ochcuve measures as to whcthcr ornot that goai was achieved.

4 -
]

' «
-~ Y - v

However, it should be noted, that empirical testing of aacognitive simulation mo-
del is riot a trivial task (see Ohlsson 1988). There is no clear-cut mcthodology so far as
how to test complex cognitive, smulauon models. '

The basic psychological and instructional hypotheses associated with the idea of
an intervening episodic situation model in SPS states that, for most problem solvers,
linguistically cued situational understanding is not (and .in an instructional context:
should not be) a superfluous, but a necessary and helpful achievement (see e.g.

4 With Aebli (1980) we see operations as abstract actions: Concrete actions as , e.g., 10 give, get, or lose,
bear an abstract relational ideas which can be expressed by the abstract meaning of mathematical upera-
tions as, e.g., adding or subtracting

5 The computer program runs on every XEROX Al workstation.

6 In change problems, an initial state undergoes a uansfer-in or transfer-out of items, and the cardinality
of either the initial set, the wansfer set oder the resulting set must be computed.

x - ~
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Hudson's data). The theoretical and empirical issue is that the Ibéico-mathematical
structure of a word problem is- merely one constraining factor of getting at the right

arithmetic strategies. Other important, and probably underestimated factors which con-
strain and therby facilitate problem understanding and solving, ‘are the -situation as a
more or less familiar and vivid episodic event-structure-and its wording.-

In a series of empirical studies? we have manipulated (beside wariations of the
problem type) various factors of the textal and presentational structure of ‘word pro-
olems as e.g. the order of mention of the elements in a problem statement, the degree of
textual elaboration and conr{cctivity, the presence or absence ¢f a problem question,
and the narrative focus of the story protagonist. Results, as. available so far, give
support to the hypothesis that more elaborated or more explicit problem texis (with
respect to set relations and to mathematical actions) fatilitate problem solving - as we
think, by Icadmg to the construcnon of more appropnatc mental situation models. In

¢ following sections, I report one' of our experiménts. '

v

Experiment: Narrative focus and familiarity of script in understanding and solving
word problems.

In the experiment to be described here, we were looking at the role of two linguistic,

and of one situational factor on comprehension difficulty of simple mathematical word
problems. The linguistic form factors that were manipulated concerned the narrative
focus of the problem episode and the problem question. That is, we were -looking at
actor-perspective, from which a story problem was nairated. While these factors canbe
manipulated without changing the problem situation, a script factor that varied, the re-
lationshin of the co-actors in the:story (familiar versus unfamiliar relation of- coactors),
changed- the situational structure of the story. - .

Because it is our main interest to study text and situation comprehension difficulty
rather than arithmetic skills and in order to minimize the undesxrcd consequences of
kmds of a speed-accuracy trageoff, which we certamly "had 10 expect if working with
reaction times of unexperienced very young children, only adults (university students)
participated in the experiment.8

7 English versions of the papers are 1n preparation (Reusser & Staub; Reusser 198%c; see aiso Cummins
etal. 1988).

8 The expevtation was that adults would produce ceiling etfects regarding frequency of correct solutions,
but a reasonable variance regarding soluticn time.
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Wc;;redicxcd that solution performance would- vary with both factors. First, pro-

_____blems.with_the narmative focus consistent with the focus of the main actor or protago-

nist of the story should-be easier thap problems with iiconsistent (i.c. changing) narra-

tive focus. Second, problems with coactors interrelated in familiar ways (as, e.g.,

father-/mother-son-relationship) should be exsier than proolems with completely unre-

lated coactors. The first prediction can be derived from our explicit simulation model

(and various comprehensinn errcrs therefre can be simulated by SPS). The second

prediction, while being consisten. with .he theoretical assumptions of SPS and only
matches the more general spirit of situation comprehension of the model.

Method

Apparatus anda materials. The 32 story problemns from Table 1 served as stimulus mate-
rial. Basically, all problems consist of variations of four instances of Change problems
(Change 3 1o Change 6; see Riicy =t al. 1983), in which a starting set undergoes a trans-
fer-in or ansfer-out of items, and the cardinality of the start st1 or initial state, or of
‘ the transfer set must bé computed given inforination about two of the-three relevant
sets. In order to make the individual problems more distinct from each octher, the pro-
blerh types (as defined by the direction of transfer and the location of the unknown
quantitaty) are systematically confounded with the order of mention or textual order of
the sitvadonal elemerits (initial state or action, transfer action, resulting state). All
change 3 problems are associated with the textual order 2-3-1 9, all change 4 problems
with the order of méntion 3-2-1, change 5 problems with 2-3-1, and change 6 problems
. with 3-1-2.- . 4 : , , -

All problems used in the present study consisted of two actions (an action-genera-

ting the initial state or the start set, ad a transfer-iri/out action) and the resulting state. ‘

All problems therefore contained three coactors, one of them ~erving as the protago-

nisz, or the main character of the story. The protagonist of a story is the mathematically

relevant actor, who participates in every partial action or state of the story as the person

.. who gets, receives, or simply posesses a cestain amount of ‘tems (while the two subor-

dinate coactors only participate in one partial action of the story} For exarnple, in the

problem

Today Silvia got seven marbles from Urs. Yesierday Hans gave: some mar- )
bles to Silvia at ihe playground. Now Silvia has fifteen marbles. How many §
marbles did Silvia get at the playground? ‘

9 1.¢. the trnsfer acuon 1s menuoned first n the problem text. followed by the initial state and k¢ resul-
ling state. -




Table I: Setof 32 problcms useA mlihc experiment (cont.) -

- nrel ct

CH3  Today Ruedi got some marbles from Hannah at the playground. Now Ruedi has eleven marbles,
Yesterday Ruedi got eight marbles from Daniel. (E:NE-P) )

Today Hannzh gave some-marbles to Ruedi at the playground. Now Ruedi has e:even macbles.
Yeste:day Danicl gave ejght mirbles to Ruedi. (E:NF-CA)

* How many masbles did Ruedi g_cl atthe playgrm;nd? (QNF-P)—
* How many marbles did Hannah give'away at the playground? (Q:NF-CA)

CH4  Now Sonja hias nine marbles. Today Sonja zave some marbles to Masianne at the playground.
Yesterday Sonja got twelve maibles from Nathalie. (E:NF-P) .
Now Sonja has niae marbles. Today Marianne 'got some marbles from Sonja at the playground,
Yestérday Nathalie gave twelve marbles to Sonja. (E:NF-CA)
* How many marbles did Sonja give away at the playground? (Q:NF-P)
* How many marbles did Marianne get at the playground? (Q:NF-CA)

CHS Today Silvia got seven marbles from Urs. Yesterday Silvia got some marble~ fro a Hans-at the

playground. Now Silvig has fifteen marbles, ‘(E:NF-P)
T9dayUrs gave seven marbles 1o Silvia. Yesterday Hans gave some marbles to Silvia at the
playgroundf Now Silvia has fifieen marbles. (E:NF-QA)

* How many marbles did Silvia get at the playground? (Q:NF-P)
* How many marbles did Hans give nway at the playground? (Q:NF-CA)

¥
v

CH6  Now Arette has nine marbles. Yesterday Anette go. some marbles from Wemer at the play-

ground. Today Anette gave three marbles to Reto. (E:NF-?)

Now Anette has nine marbles. Yesterday Wcmcr gave some marbles to Anette at the play-
ground. Today Reto got three marbles from Arette. (E:NF-CA)

* How many marbles did Anette get from Wemer at the playground? (Q:NF-P)
“ How many marbles did Wemer give 10 Anet23 at the playground? (Q:NF-CA)

—~— - — - ~
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R . Related coactors : -

CH3 Today Ruedi got some marbles frcm the gransmother at the playground. Now Ruédi fas eleven |
marbles. Yesterday Ruedi got eight marbles from'his grandfather. (E:NFfP)

Today the grandmother gave some marbles to Ruedi at the playground. Now Ruedi has eleven
marbles. Yesterday the grandfather gave eight marbles to Ruedi. (E:NF-CA)

* How many marbles did Ruedi get at the playground? (Q:NF-P)
* How many marbles did the gran'imother give away at the playground" (Q:NF-CA)

o 'CH4 Now Sonja has nine marbles. Todzy Sonja gave some marbles; to her best friend at the play-

ground. Yesterday Sonja gotmelve marbles from her mother. (E.NF-P) o ~ o v \‘
' i

Now Sonja has nine marbles. Today her best friend got some marbles from Sonja at the play-
ground. Yesterday the mother gave twelve marbles to Sonja. (E:NF-CA)

* How many marbles did Sonja give away-at the playground? (Q:NF-P)
* How many marbles did the.friend get an the p!a*ygroun"d? (Q:NF-CA)

§ ) CH5  Today Silvia got seven marbles from the teacher. Yesxerday Silvia got some marbles from his : -
godfatfxer atthe pla) ground: ‘Now Silvia ha&ﬁfteen marbles. (E:NF-P) .

i

Today the teacher gave seven marbles to Silvia. *Yesu:rday the godfather gave some m sbles to
Silvia at the playground. Now Silvia has fifieen marbles. (E:NF-QA)

o * How many marbles did Silvia get at thie playground? ‘(Q:NE-Pj

* How many marbles did the godfather give away at the playground? (Q:NF-CA)

CH6 Now Anette has/ri_inc marbles. Yesterday Anette got some marbles from the babysitter at-the
" playground. Today Anette have three marbles 10 her sister. “E:NF-P) ‘
‘ . {
Now Anette has nine marbles. Yesterday the babysitter gave some marbles to Anette at the
. , playgrou:.. Today her sister gorthree marbles from Aneue. (E:NF-CA) -

* How many marbles did Anette get from the babysitter at the playground? (Q:NF-P)
* How many marbles did the bébysiuér give to Anette 2 ,uc playground? (Q-NF-CA)

~

Table 1: Set of'32 problems used in the experiment ~

. The 32 problems can be obtalncd from the table by combininy - for each problem type - four conditions
of narrative focus (two focus coﬂdluons of story episode by two focus conditions of question) with two /
conditions of coaclor-relauonshlp or script (Related versus unrelated coactors). - - - !
E: Episode; Q: Quesiion; NF-P: Protagonis-Related Namative Focus; NF-CA: Coactor-Related Narrative
Focus; E:NF-P: Protagonist-Related Episode; E:NF-CA: Coactor-Related Episode; Q:NF-P: Protagonist-
Related Question; Q:N F-CA: Coactor-Related-Question
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Silvia servés as the protagonist, because she is the actor who gives rise to a colierent - s
mathematical action. While she occurs in every seatence of the verbal statement (either '
in topic or non-topic position), the coactors Urs and Hans are mentioned in the problem
only once. Their contribution to the episode is essential {giver, receiver of items), but
subordinated to the achon episode as a whole.

Three experimental factors were implemented-in the present-study; two-of them—
rather Jinguistic, one rather situational in nature. While the*first and the second factors
are associated with the narrative perspective or point of view from which either the
story episode in a problem is presented, ox-the final question is posed, the third factor is
associated with the familiarity of the employed story. scripts. Ths following. factors
have been systematically varied: - Factor I We call the narrative focus (NF) of a.story
episode (E) protagonist-related (P) or consistent, if the protagonist in, every. partial
action or state is in topic position, or serves as the gr'ammatical"sﬁbjcct of the respec-
tives sentences ir. the verbal problem S$tatement (E:NF-P). The narrative focus of 2
story episode is called coactor-related (CA) or inconsistent, if the coactor in sentence
topic position is not identical with the protagonist, or is changing within the same story ‘ )
episode (E:NF-CA). -Factor IL: The ncrrative focus of the final question statement (Q) - -
of & story -problem is said to be protagomst-related (Q:NF-P) if in. the question sta-  ~
tement of the problem the main story character is in topic position. . Complementary, the
narrative focus of the final question is said to be coactor-related (Q:NF-CA), if a sub-
ordinate coactor of the story is in topic sentence position. Factor III (script factor): The
relations between the coactors in a problem are said to be unfamiliar if the-coactors are
represented by three unrelated proper names or individuals, one’of which serving as

the main character of the stery. In contrast, the relations between the coactors are called
familiar if only the protagonist of the story is introduced by his/her propér name, and
the two coactors are introduced by some cbvious relationship in which they stay to the
protagonist (being a relative, a‘friend, a teacher, or a functionally defined partner in an
interaction, as e.g., a-salesperson in a store). While, in the first case, the three coactors ",
are, almost completely unrelated in the text (beside the fact that they transfer items bet-
ween each other), in the second case, the text invites the reader to form a familiar script
of personal reiations between the protagonist and his/her coactors of the story episode.

In Table 1, the 32 problems are constructed by combining - for each of the four -
problem types - four conditions of point of view (two levels of episode focus by two /
levels of question focus) with two conditions of coactor-relationship. In order to make
the individual problems somewhat more disting Jishable from each other, some further
textual variability was introduced across single problems by varying the names of indi-
viduals, objects, loca;ions,kand of temporal specifications.




-

Subjects. Seventy-six adult students from different departments (law, medicine,
sciences, humanities) of the University of Bemn voluntarely served as pamc1pams in the
study. :

Procedure. The experimental. factors were crossed to form a 2 x 2 x 2 x 4 design, s
the two focus factors and the problem type being within-subject factors, the script fac-
10F (related versus unirelated coactors) ‘being a between-subject factor. Each™ subject ST
received half of the 32 problems, ie. 16 problems, one problem from each problem A
type (change 3-6) under four of the experimental condidons.

~ Subjects were tested individually in a quiet.room in front of a computer screen.10 -

- The sessions approximately lasted_twenty to thirty minutes, and began with verbal in- > *
o structions concerning the general apparatus and the problem solving tasks. All detailed .
instructions as well as the problems including four practice problems were presented to | . "
subjects on the screen -of an AT personal computer. During the instructional phase, . . V
subjects were tought to push the ENTER key as soon as thev “ad solved a problem ‘
then to type in the numerical solution in an,blank screen-field, and (if ready to go on)'t0
push the ENTER key again-in order to get the next task on the screen. Problem presen- N
tation was rand\ormzqd for each subJth Numerical solutions as well as solution umes - j
(the main dependent variable in this study) were recorded by-the computer. -~ ‘ A

- - - . - .

. Results : =

Solution accuracy. As expected from our subjects, proportion of correct answers
were generally high (change 3: 97%; change 4: 95%; change 5: 96%). The highest per- , o
centage of incorrect soiations occuired with change 6 problems (78%). Five subjects C
with more than three wrong numerical solutions were abandoned from further analysis
of solution times.

i

Soiution time. Solution times produced by subjects as a function of narrative focus of
both episode and questior and of coactor-relationship (script) were computed and are
presented in Table 2. Following Conover & Iman-(1981), a rank transformation proce-
dure (replacing original observations with their respective ranks) was applied in order
to reduce the influence of extreme values. An analysis of variance was then conducted
on these ranks using as between-subject factor coactor-relationship (Unrelated or
Related), and as wnhm -subject factors narrative focus of both story

‘e

10 Ruedi Stiissi wrote the Pascal programm by which the experiment was run on the computer.

) ' [




UCA: Script with Unrelated Coactora

E:NF-P:

Mean

RCA: Script with Related Coactors

E:NF-P:

Meah

Mean

~

Protagonist-Related Episode
E:NF-CA: Coactor-Related Episode

1

Protagonist-Related Episode
E:NF~CA: Ccactor-Related Episode

Table 2

Mean sclution times (selj

Q:NF-P
Protagonist-
Related
Question

26,02
31,39

o~

' 28,70

22,06
23,04

22,55 ~

25,76

Q:NF-CA
Coactor-
Related
Questlon -

32,78
30,34

~. "

31,56

© 23,01
124,33

23,67 ~

27,78

29,40,
30:;86 N B

- 23, 68

‘Méan ' -, . '

T S TP

30,13~ oo ) \’\‘\‘ ",3:

22,54 -

~ X . ] :

23,1% .

26,771 .
(sd: 17,8

- »Y

Note: Cell means are based on an average of 142 observations (4 problems from each of 37 (UCA-

condition) or 34 (RCA~condition) subjects, respectively, under ‘each cell cond? tion) .+ NE: Narratxve
focus; E: Episode; Q: Question; P: Protagonist; CA Coacto.." P

-
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| episode and question (Consistent or Inconsistént), and. problem type (Change 3 t0

Change 6), with repeated measures on the latter three variables.

The analysis returned three significant main effects and four interactions. The first
main effect was of scnpt or coactor-relatlonshlp, F(1,69)=10.41, p<. 002, indicating that
solving problems with script-unrelated coactors took considerably longer than pro-
blems with script-related coactors {mean difference: I seconds). 1hie second” way he
main effect of narrative focus of the question, F(1, 69)—4 73, p<.04, indicating that un-
derstanding and solving problems took longer when the quantitative question was for-
miulated from the unusval -point .of view of a coactor. The third was_a main effcct of
problem type, F(3,207)=28.29, p<.000, 1nd1catmg Change 6 as being the most dlfﬁcult
and Change 3 as the'easiest of the.employed problems\ll ) | -

While no significant main effect of nanative focus of the story episode was ob-
served, F(1,69)=2.78, p<.19, there was a significant interaction (Figure 2) between epi- '
sode focus and question focus, F(1,69)=6.51, p<.02. All problems with either one,or -
both episode and. quesnon focus inconsistent or coactor-related (coactors in sentence
toplc posmon) werc ‘hard to undemand whereas the problems consxstentlymarrated
from the ] point of viewof - thc protagonist togk considerably less time to get at.the solu-

ion. Narrative, focus of thn stery episode- also . 1ntcracted with -problem  type,

F(3,207)=4.76, p< 005 (Figure 3). This was the only mteracuon that was observed bet-
ween problem type and experimental variables. ) . ‘
A signiﬁca:;t imer:}ction was also returﬁed from the analysis between ccript versions
(related versus unrelated coactors) and narrative focus of question, F(1,69)=5.24, p<.03
(Figure 4), but not between script and narrative focus of story episode, where the analy-
sis of variance yiclded an F close 10 zero for the interaction. These results indicated a
riple interaction between script, story episode and question focus. Although this
interaction was not statistically significant, F(1,69)=3.05, p<.08, there both was a sta-
tistical tendency and a clear pattern of results observable as it is shown_in Figure 5-1
and 5-2. Under the-condition, of related-coactors, comprehension difficulty (which was
generally rather low) was only marginally modified by the point of view of narration
(Fig. 5-2). However, under the condition of unrelated coactors (Fig. 5-1), not only pro-
blem difficulty was generally much higher, but there was also. an interaction between
focus of story.episode and focus of question. According to this interaction, problems
with both protagonist-related episode and protagonist-related question were the easiest,
but were still more difficult than all cases in the condition of script-related

<

11 Because problem type and text order (order of mention) were confounded in this experiment, it is

hard to speculate about the reasons of exactly this profile of problcm diffi culues
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coactors. Under all conditions of inconsistent focus, difficulty of comprehension, as
measured by solution times, was considerably increased.

Discussion

-
~

The results of this experiment indicate the script factor (related versus unrelated
coactors) to be a dominant source of comprehension difficulty. Problems with unrela-
ted coactors were generally much harder 10 understand than problems, with related
coactors. Moreover, if the three coactors in the story script were related in familiar
way's, narrative focus transformacdons hardly had an influence on problem difficulty.
Not so in the case of completely unrelated coactors in the story scripts, where probléi
difficulty varied with the transformation of narrative focus. \
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, A reasonable and theoretically consistent interpretation of this pattern of results
} (with respect to SPS) goes with the assumption that coactors relating to each other in
( faniliar ways, are more easily contributing to the forming of a more familiar and more
coh~rent .Story script than do coactors which are not felated at all - and therefore are
beneficial to the construction of a situation model. Subjects who are able to benefit
- . from.more. coherent, more. interrclated scripis, are able to constuct a situation model B
‘ with possibly less effort on the anaiys:s of the.(changing) narrative focus. The possible -
-reason might be that in the story script related coactors, that are more ‘distinct from
each other than proper names, serve as powerful cues for the necessary topic identifica-
tion strategies (or in terms of SPS: for protagonist or main character identification
strategies) on the level of situation comprehension. In the condition of related actors, -
only the mathematical protagonist is introduced: b; its pf”dper name, i.e., as a distinct, ~
independent individuum. The two. other coactors have no proper name in the problem
statement. They are introduced by relational generic terms, as e.g. grandmother, father,
godfather, teacher, etc. In the text world of the problem, they only exist in their relation
10 the (samel_wm _character. That makes it-easy to identify the character, v+ho is intre-
" duced in the : story episode by his proper name, as the mathematically relevant charac-
~ ter;-or protagonist, independent of his topic or non-topic position:in a sxqgie sentence.
To identify the protagonist in the stories with related coactors simply 'means to pick the
participant who is introduced by his proper name as the protagonist;- -and 10 recenstruct
the story from his perspective. This can not be done '’ ‘one-line’, n(1.€. whxle while reading
the problem text the first time) if three unrelated, completely distinct coactors are
introduced. In this case, comprehension difficulty depends on the narrative focus in
such a way that all problems versions containing a shift of narrative focus were more
difficult to comprehend in the experiment.

Why are ‘word problems difficult? The present results support the usefulness of S .
the theoretical perspective discussed in.the introductory part of this paper. The results 1
reported-here suggest that, beside mathematical structure variables (as problem type or
the location of the unknown quantity) and arithmetic skills, text comprehcnsio{n or lin-
guistically based factors and - mediated by these - situation. comprehension factors
figure heavily in word problem difficulty. In terms of our theoretical model SPS12: If
narrative or discourse comprehension involves at least-two related miajor components, ‘
first the translation of the.surface f'orm of a text into a text base, and seconc the con- ‘
struction of 2 mental model of thesituation described by the text, then it is reasonable
to assume that the more explicit the text base, that is cued by the explicit linguistic

- 12 And in accordance with the findings of the study of De Corte, Verschaffel & De Win (1985) on the :
) influence of linguistic factors

1 ‘ ' . - *
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features of the problem statement, is, the more easy- the construction of the situiton
model will be.
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