Running head: CHILDREN'S USE OF ANALOGY

September 9, 2010

Children’s Use of Analogy during Collaborative Reasning

Tzu-Jung Lirt, Richard C. AndersdnJohn E. Hummé|
May Jadallaf, Brian W. Miller*, Kim Nguyen-Jahié| Joshua A. Morris

Li-Jen Kud', Il-Hee Kim®, Xiaoying WU, and Ting Dony

Center for the Study of Reading
University of lllinois at Urbana-Champaign

’Department of Psychology

University of lllinois at Urbana-Champaign

3Department of Curriculum and Instruction

lllinois State University

* Department of Educational Psychology
Northern lllinois University

®School of Education

Indiana University-Purdue University at Fort Wayne

The corresponding authors are Tzu-Jung Lin anddRitl. Anderson

Center for the Study of Reading

51 Gerty Drive

Champaign, lllinois 61820

Telephone 217-333-2552

Email Tzu-Jung Lirlin27 @illinois.edy Richard Andersonsrrca@illinois.edu

The research reported in this paper was supported by the Institute of Education Sciences, U.S. Department of
Education, through Grants [R305T010250, R305G030070, R305A080347] to the University of lllinois at Urbana-
Champaign. The opinions expressed are those of the authors and do not represent views of the Institute or the
U.S. Department of Education.



CHILDREN'’S USE OF ANALOGY 2

Abstract
Children’s use of analogy was examined during pegismall-group discussions using an
approach called Collaborative Reasoning. Fifty-fdiscussions from 18 discussion groups in
6 fourth-grade classrooms were transcribed andisedrfor analogies. A total of 277
analogies were identified among 7,215 child tuorsspeaking. Analogies were coded for
structure, rhetorical function, novelty, explicigse and topic relevance. Use of analogy was
found tosnowball, or spread to other children and occur at an acathg rate, primarily
because of increasing use of novel analogies. @nldenerated many more relational
analogies than surface-only comparisons. Relatianalogies with shared surface features
triggered purely relational analogies, showingead of relational shift. Multiple rhetorical
moves, particularly moves involving elaboration @odinterargument, were stimulated by

analogies.
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Children’s Use of Analogy during Collaborative Resisig

The purpose of this study was to investigate whredhd how children learn to use
analogies through interaction with peers in coltabiwe small-group discussions. The topic
of analogy is important because analogy is segiegtg a central role in induction
(Holland, Holyoak, Nisbett, & Thagard, 1986), prel solving (Gick & Holyoak, 1983),
language development (Goswami, 2008), scientiBcalrery (Dunbar & Blanchette, 2001),
and argumentation (Whaley, 1998). In educatiorsaeing by analogy is seen as a universal
learning mechanism (Nokes, 2009; Richland, Zur, @ydak, 2007). Over the past two
decades, many studies have examined instructioéb@ies to enhance children’s learning
(e.g., Glynn & Takahashi, 1998; Wong, 1993). Howgewaly a few studies have focused on
the mechanisms of change in children’s ability noerstand analogies in classroom settings
(May, Hammer, & Roy, 2006; Richland, Holyoak, &dgr, 2004). Moreover, while there is
substantial psychological literature on analogimielopment, most of the studies have been
short-term, cross-sectional, experimental studigsgyily focused on younger children (e.qg.,
Goswami, 1991; Kotovsky & Gentner, 1996). Virtuallgthing has been done to understand
whether older children’s analogical reasoning délvelop over an extended period of time in
social contexts in which groups of children talgdther.

A common but strict definition of analogy involvespping, discovering which
elements of a novehrget domain correspond to elements of a famsirce or base
domain (Gentner, 1983; Holyoak & Thagard, 1989; rheh& Holyoak, 1997).These
mappings can be based on common surface prop@tgesmapping Jane in one situation to
Susan in another because both are girls), firstrarelations (e.g., mapping Jane to Bill
because both are bound to the agent role diotlex, y) relation), higher-order relations (i.e.,

relations among relations, suchaasse(love(x, y), give(x, y, gift)) or any combination of
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these. Most scholars who study analogy agree éhadunt as an analogy, the target and base
domains must share at least first-order relatiand,that an analogy is “better” to the extent
that higher-order relations in the two domainsraetched. Some researchers (e.g., Gentner,
1983; Gick & Holyoak, 1983; Holland et al, 1986)intain that to be called a “true analogy”
the target and base domains should lack surfaaasim

Earlier studies of analogical transfer and probsaiving assumed the foregoing strict
definition of analogy to investigate whether peoga@ appreciate the abstract structural
relationship between a source and target domagn @ick & Holyoak, 1983). However,
recent studies conducted in non-laboratory settivay® found that most of the spontaneous
analogies that people generate are near/within-aorather than far/between-domain
analogies. For example, Dunbar (1997) observedsig’ use of analogies during biological
laboratory meetings. Scientists frequently usedtbbiprelated analogies to solve
experimental problems. Among 99 analogies idemtjfanly two were non-biological.
Trickett and Trafton (2007) observed nine sciestisteight data analysis sessions and
identified only two far/between-domain analogies.(icomparisons based on structural or
relational similarity), compared to 32 cases tldltinto their “alignment” category (i.e.,
near/within-domain analogies). These studies sugdhgasspontaneous analogies in the real
settings are not restricted to distant analogibs. fact that scientists used more near
analogies than far analogies in lab meetings futhggests that even for mature adult
experts, huge mental leaps are only made occabkjonal

Surface similarities may impair analogical transtéen the surface-based
interpretation conflicts in some way with deepdatienal similarities. On the other hand,
common surface features may play a role in locatiegningful base domains (Holyoak &

Koh, 1987; Hummel & Holyoak, 1997) and in generatiian in certain kinds of problem
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solving situations (Bassok, 1996; Dunbar & Blant®e2001). Bassok commented that
surface similarities can promote sense-making wieaple use them to “infer, modify, or
gualify the relations that take these objects garaents” (p. 57). In scientific discovery, for
example, a type of analogy called the transformmatianalogy often leads scientists to the
“Aha moment” (Clement, 1988). A transformationahkngy forms a base domain by altering
one or more attributes in the target domain. Type tof analogy tends to be within-domain
and surface-attached, and can be a very poweralbgyin scientific problem solving. In
educational research, surface similarities are @teas helping children to bootstrap from a
concrete/surface level to a more abstract/relatieval (C. L. Smith, 2007). As detailed later,
these considerations played an important roleerctiding scheme we developed to analyze
children’s spontaneously-generated analogies.

It is not clear that the process of analogical nmagps qualitatively different when
corresponding objects share surface features than ¥hey do not (see, e.g., Hummel &
Holyoak, 1997); it is simply that the mapping ismadifficult to uncover in the latter case
than in the former. Accordingly, we include map@mgth shared surface features in our
analysis, distinguishing them from mappings withshéred surface features, as the anchor at
the bottom of the hierarchy of kinds of analogies.

We considered it likely that analogies involvedrslasurface features would provide
the starting point and the foundation for childeespontaneous generation of analogies, and
unlikely that they could or would start with analegjthat were purely relational in the
structural sense. What counts is whether childrerable to compare things in a manner that
introduces new information or a new perspectivé ¢ha enhance their conceptual
understanding of a target problem. Hence, in tlieeatistudy, analogies could involve a

target and base from the same domain, which implesy shared surface features, or from
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different domains where few surface features wkagesl. Doing so allows us to observe
whether children move from using surface-basedogies to using more abstract, relational
analogies. This is important inasmuch as availabldence suggests that early, surface
analogies play a role in children's eventual gbifinore abstract relational analogies
(Kotovsky & Gentner, 1996).

There is considerable evidence that children casame by analogy starting at a young
age (e.g., L. B. Smith, 1984; Alexander, Willsorhi¥# & Fuqua, 1987), although such
ability is limited by several factors including kaof relevant knowledge or other factors
associated with age (Halford, Bain, & Mayberry, 49Richland, Morrison, & Holyoak,
2006). The knowledge account of analogy developnsesicompassed by theational
primacy theory proposed by Goswami (1991). The theory assertstibability to recognize
or process relational similarities is an innateicewn human thinking. Analogical
development depends on acquiring relational knogdedhat is, the theory proposes that
children are capable of processing higher-ordelogres as long as they have acquired
sufficient relational knowledge.

An alternative account of analogical developmemnéliational shift theory (Gentner,
1988; Gentner & Rattermann, 1991), which propolasdnalogical reasoning development
evolves in a certain sequence: the ability to detdational similarities is proceeded by the
ability to detect surface similarities, and theftshecurs when sufficient amount of domain
knowledge is acquired. This theory is similar te thlational primacy theory with respect to
the emphasis on knowledge accretion. The differbeteeen the two theories lies in the role
of surface similarities in young children’s analgjireasoning development. While relational
shift theory asserts that “there is a systematodugmn in the kinds of relational comparisons

that can be made as knowledge within a domain asep®m overall similarity to object
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similarity, to relational similarity, and finallyp higher-order relational comparisons”
(Rattermann & Gentner, 1998, p. 469), the relatipnanacy theory assumes no such
developmental sequence.

Other researchers believe that the accumulatioelational knowledge may not
overcome age-related maturational constraints aadhe lack of inhibitory control or
insufficient working memory capacity (e.g., Halfpaker, McCredden, & Bain, 2005;
Morrison, 2005). Richland et al. (2006) found thatlogical development was constrained
by cognitive complexity and distraction from satisnrface features, even when the
necessary relational knowledge was under contratukétional constraints decreased with
age. In scene analogy problems children at theoh8e7 were easily distracted by surface
features, but 9-11 year old children were lessatistd by superficial features and less
affected by cognitive complexity.

Perhaps equally important, or even more importaan growth in knowledge and
maturation are social influences on analogical tgraent. Often ignored in the analogy
literature is the fact that children experiencel@giaal reasoning in homes, schools, and
community settings. Socio-cultural theories (Rogbd®95; \Wgotsky, 1981; Wertsch, 1985)
postulate that learning occurs when children gelday a part in a collective setting, where
they can enact existing knowledge and thinkingskihd participate at the growing edge of
their competence. By these accounts, internalizalioough social interaction is the force
driving individual cognitive development.

To explain the mechanism of learning through saota&raction, the concept tie
zone of proximal development (Vygotsky, 1978) provides a general theoreticanieaork.
This theory proposes that children’s cognitiveitibg are likely to progress from the actual

developmental level to the potential developmeletal through the assistance of adults or
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collaboration with competent peers. In this forniola, asymmetry of knowledge or skills is
the lever for knowledge or skill transmission (Leng&Oldham, 2005). That is, in peer
collaboration, children who have better cognitikéls serve as models for those who are less
skilled.

Language is an important mediator for proximal demeent (Gauvain, 2001; Nelson,
1996). When thoughts are verbalized, tentativefand ideas can possibly be transformed
into crystallized and explicit forms. These extdize ideas in turn shape listeners’ internal
thoughts. For instance, Teasley (1995) found thattih-grade students who produced talk
when working in dyads on a scientific reasoninds tasd better task performance than
students who worked alone or students who did radyxe talk in dyads. Talk in dyads also
tended to be more interpretive rather than deseeipas compared to talk alone. Following
this logic, generating analogies in dialogue maysashe speakers as well as the listeners to
enhance their analogical reasoning abilities.

Regrettably, classroom environments that give oilcdhbundant opportunities to
observe, practice, and internalize thinking tobleagh free-flowing interaction with their
peers and teachers are not common. Teachers colasissfoom talk with seldom-broken
strings of questions. Student answers often coobmtly a word or a phrase (Cazden, 2001).
In many classrooms, they have little opportunitgxpress extended ideas, ask questions,
redirect the topic, or otherwise take initiativeydtrand, Wu, Gamoran, Zeiser, and Long
(2003) analyzed 1,151 instructional episodes fr@® &ghth- and ninth-grade English and
social studies classes. Only 66 episodes contawed one “dialogic spell,” or interval of
discussion in which there was an in-depth exchanhggeas. The dialogic spells that did
occur occupied only a few fleeting moments, fotanse, averaging 42 seconds in eighth-

grade social studies and 15 seconds in ninth-geéagésh.
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Collaborative Reasoning (CR) is an open-format, peer-led approach to dsion
intended to improve the quality of classroom tatkstimulate critical reading and thinking,
and to be personally engaging (Waggoner, Chinng&¥inderson, 1995). In CR, small
groups of children try to collaboratively come uphaa good solution to a controversial issue,
hereafter termed thHag question, raised by a story they have read. Stories conaatipal,
ethical, or personal dilemmas, or child-friendlybpa policy issues. Children take individual
positions on the issue, actively present reasodsaiaence for their positions, and challenge
each other when they disagree. Children operatdiitession as independently as possible.
They speak freely without raising their hands amdting to be selected by the teacher.
Teachers sit outside the group, offering coachimy when necessary.

Research indicates that rate of student talk alehmsbles during CR, as compared to
baseline discussions in the same classrooms, ahdttidents more frequently elaborate text
propositions, make predictions, use text evidenipport opinions, and express alternative
perspectives (Chinn, Anderson, & Waggoner, 200hgre is evidence that ways of talking
and thinking acquired during as few as four CRuisons transfer to the writing of
reflective essays about a story students haverewiqusly read or discussed. As compared to
controls, students who have participated in CRenggsays that contain better developed
arguments, more consideration of opposing perspe;tbetter developed counterarguments
and rebuttals, and more use of text evidence (Rskayia, Anderson, Dong, Li, I.-H. Kim, &
S.-Y. Kim, 2008; I.-H. Kim et al, in press; Zhagderson, & Nguyen-Jahiel, 2010).

Examples of children using analogies have beenrteghan several CR studies.
Anderson, Chinn, Chang, Waggoner, and Yi (1997¢nilesd a student who used a relational
analogy, arguing that taking a short cut in a deg-sace was like taking drugs to enhance

performance in a foot race. The central relati@eahmonality between the two domains is
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cheating to get ahead. Though the domains both involve sports competititims two
domains share few surface similarities. Dong, Aadey I.-H. Kim, and Li (2008) found that
Chinese and Korean students frequently made intedkreferences in CR discussions,
comparing and contrasting other stories to theystorrently being discussed. These
examples suggest that CR is a fertile site foisthdy of analogy among children. Analogies
during CR discussions may serve as one of the &yggdevices children use to convey their
perspectives to their classmates. Analogy maydmaeptual tool for children to bring
existing knowledge to bear on the target questidasnore knowledge is brought to the table
during social interaction, children may be ableetfine their analogies.

Previous studies have shown that children useiatyasf argument stratagems
during Collaborative Reasoning. An argument stiettags defined as a recurrent rhetorical
form that embodies a reasoning strategy or sergesial function in a discussion (Anderson
et al, 2001). Examples of argument stratagemsVihat do you think [CLASSMATE]?’ and
‘If [ACTION] then [BAD CONSEQUENCE] so [NOT ACTIONwhere the capitalized and
bracketed words are place holders for context pécformation with which the speaker
instantiates the stratagem. An interesting disgofrem previous research is that the use of
argument stratagensaowballs (Anderson et al, 2001). That is, once an innovathi& has
introduced a useful stratagem into a discussidenids to spread to other children and occur
with increasing frequency. The snowball phenomdmmsbeen documented in face-to-face
discussions among children in China and Korea (Darad, 2008), as well as in the
Midwestern United States (Anderson et al, 20014, iaronline discussions (I.-H. Kim,
Anderson, Nguyen-Jahiel, & Archodidou, 2007).

The present study evaluates whether children’stgpeous use of analogy over

multiple Collaborative Reasoning discussions canfto the snowball pattern. That is, we
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investigated the hypothesis that analogies woutdiowith accelerating frequency and
would evolve in several qualitative aspects. Byrganeous analogy, we mean the analogies
that were self-initiated, not requested by theheamor directly prompted by others. By
intensively observing and coding each individuabtlsnt’s talk throughout many discussions,
the current study aimed to identify temporal changeanalogy use, investigate potential
factors that could affect changes in the frequearayuality of analogies, and explore the
effects of analogy on subsequent rhetorical movemd discussions.

The major qualitative feature of analogies thatawgcipated might change over time
was the structure of analogies — with the expemtatiat rate of use abstract relational
analogies would increase as children had more &=y using analogies during
Collaborative Reasoning discussions. Additionaluess of analogies were examined that
might change over time or interact with other feasuas followsexplicitness — whether
children convey analogies in a clear and completg, movelty — whether children introduce
new analogies as opposed to extending analogiesttier children have already used,;
functionality — the rhetorical function of analogies, eithectmfirm and elaborate the
argument of a previous speaker or to counter ffealser’'s argument; aridpic relevance —
whether analogies advance the discussion of the toapic or lead to a digression.

Method
Participants

Participants were 120 fourth-grade students (6% gitd 53 boys), who ranged in age
from 8 to 12 yearsM = 10.0,SD = 0.6), from 6 classrooms in 4 public schoolsentcal
lllinois. Two classrooms were from a rural schdaur classrooms were from three urban
schools. The sample included 2 Asian Americarndispanic Americans, 45 African

Americans, and 69 European Americans.
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Procedure

Teachers participated in a one-day workshop whisteied guidelines for CR
discussions and described instructional movesdaititating the discussions. These
instructional moves helped set up the norms of @iRdays discussions were held teachers
received suggestions from research assistants \&h® participant observers in their
classrooms.

Children within each of the six classrooms wered#d into three heterogeneous
groups, each a cross-section of the class witreatsp gender, ethnicity, talkativeness, and
achievement level. Ten students were redistribtde¢de other groups after the first two
discussions due to behavior problems. Each grotdipated in two CR discussions per
week for five weeks, ten discussions in total.&lthe discussions were videotaped and
transcribed. There were a total 180 discussiotisdrtomplete dataset.

Students were asked to read a story individuallylass before a discussion. The
teacher called one group at a time to discussttng while the other students completed
work at their seats. A CR discussion began withieds review of CR guidelines and an
introduction of the big question. Students weranthgked to say their names and state a
position on the big question. Students were todlldhlwas no right or wrong answer to the big
guestion, but they had to make a best decisiorctivadidered both sides of the issue. They
did not have to raise their hands to express ttie@s, but were reminded to show respect for
their classmates. The discussion ended with a éedetl debriefing session in which children
discussed the strengths and weaknesses of todsgissdion and how to make the next
discussion better. On average, CR discussions Ienginutes in length.

Data Analysis

The first, third, and ninth discussion of each dgsiton group were selected from
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corpus of 180 discussions for the analysis of aned#d reasoning. The data set thus contains
54 story discussions, 3 discussions of each ob8py in each of the 6 classrooms. We
believe that the selected discussions were repiasanof the whole corpus.

Experience has shown that the stories on whicllideissions were based are
interesting and comprehensible to children and tedely discussions. The story order was
fixed across groups, with short, easy to readesdirst and longer, harder stories later. The
story used for the first discussion wahat should Kelly Do (Weiner, 1980). The story is
about a girl, Kelly, who wants to win a paintinghest, but her classmate Evelyn is the best
painter in the school. On the day to submit therkyKelly discovers that Evelyn has left
her painting outside on the playground and it gifr@ng to rain. The big question is, Should
Kelly tell Evelyn about her paintirigThe story for the third discussion wagrip to the Zoo
(Reznitskaya & Clark, 2001). The story is about tyits discussing whether or not they
should join a field trip to a zoo. Lily is excitéd see all kinds of animals in the zoo, but Anna
thinks that zoos are not good for animals. The gess, Are zoos good places for animals?
The story used in the ninth discussidhe Gold Cadillac (Taylor, 1998), is about an African
American family who lived in the north of the UrdtStates. The father wanted to take his
family to visit relatives in the south driving admd new gold Cadillac, but the south was still
racially divided at that time and the gold Cadiltaght have aroused resentment or worse
among southern whites. The question is, Was itigte decision to drive the family to the
south in the gold Cadillac?

Identifying speaking turns. The discussions were transcribed using Transtool
(Kumar & Miller, 2005) and then coded using NUD*ISTQSR, 2002). The first step was
inspecting speaking turns for completeness and mgi@mess. During a ‘full turn,” a

speaker holds the floor while expressing one orenaterpretable propositions. Fragmentary
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turns that fail to meet this criterion were setlasiThese include back channeling, failed
attempts to gain the floor, abandoned utterandehbirik, uh .. . “, and interjected comments
(see Chinn et al., 2001). Back channeling refeshtwt utterances such as “yeah,” “OK,”
which show a person is attending to the main spekkded attempts to gain the floor means
that two people speak at the same time, and esteeof them stops to let the other speaker
finish or the main speaker continues talking withyialding the floor. An interjected
comment is when a person makes a statement sutitdas,t agree,” in the middle of an
utterance by the main speaker, who continues spgals if the interjection did not occur. In
addition, the introduction and debriefing segmeita discussion, descriptions of non-verbal
behavior (e.g., gestures, facial expressions)tramscribers’ comments (about such matters
as side conversations among children, announceraeetshe public address system) were
removed from transcripts. Short turns that were@deeanswer yes-no questions or to
supplement another person’s unfinished sentence kegt in the transcripts.

Coding analogiesCoding proceeded in two phases. In the first phaseder read
over the transcripts to identify potential analagi€his broad search was supplemented with
a key-word search. Key words used for searchingntiat analogies were variationssaime,
like, similar, if you were, what if, pretend. Potential analogies were then evaluated based on
context and meaning. An analogy must consist @mparison/mapping of a target domain
to a base domain, including cases in which eitheitarget or the base was not explicitly
stated but could be easily inferred. Another codéependently coded 20% of the potential
analogies. The inter-coder percentage of agreemasn07% (Cohen’s Kappa = .97). All the
identified analogies were then coded for structfinection, novelty, explicitness, topic
relevance, and effects on subsequent discussioesnas described below.

Coding the structure of analogiesAn analogy’s structure was coded in terms of the
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level of similarity between the base and the tadgehain. Two compared domains may share
common or similar surface properties, relationdyah. Surface similarity refers to the
matched or similar objects or object charactessstich as size, length, color. Relational
similarity refers to the same relationship betwten objects (first-order relation), or the
same relationship between relations (higher-orelation). Examples of common first-order
relations shared by the target and the base arparaives, such as bigger, higher, darker, or
relationship of two people such as friendship, mgg, discipleship. Common higher-order
relations are more systemic and abstract, suchwsatand mathematical relations. If
analogical mappings were based on common surfaterés only, the analogy has the lowest
level of structure, which we called therface-only structure. Analogical mappings that were
based on common first-order relations with the suppf surface similarity were called
surfacetfirst-order structure, whereas mappings of common first-ordiations without the
support of surface similarity were callBdst-order structure. If analogical mappings were
based on higher-order relations, they must alspesha same first-order relations. With the
presence of surface similarity, such higher-ore@&tional mappings were called
surface+first-order+higher-order structure; without surface similarity, they werdleafirst-
and-higher-order structure. Distinguishing first-order structurerfrdirst-and-higher-order
structure was challenging. Hence, the five categonere later merged three categories —
surface-only similarity, surface+relation, and tigla-only — to enhance coding reliability.
More examples of the structure coding are showrabie 1. The inter-coder percentage of
agreement for 20% of the cases was 95% (Cohen’p&ap89).
[Insert Table 1 about here]
Coding the rhetorical function of analogiesAnalogies can be use to support or

oppose an idea. Thus, an analogy can be classifi@oe of two categories: confirmative or
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refutational. A confirmative analogy was used tpmart or elaborate a position. A
refutational analogy was used to counter or relpdsation. The inter-coder percentage of
agreement for 20% of the rhetorical function codimgs 93% (Cohen’s Kappa = .86).

Coding the novelty of analogiesAnalogies were classified as new or old. An
analogy was new if new information was introduced oew structural mapping was formed
between the target and base domains, which no lshddnentioned before in a given
discussion. An analogy was classified as old ifitfiermation or mapping had been brought
up previously by other children in the discussibime inter-coder percentage of agreement
for 20% of the cases was 86% (Cohen’s Kappa = .72).

Coding topic relevancelf an analogy was judged to be related to the bigstjon, it
was classified as an on-topic analogy. Otherwigeag an off-topic analogy. The inter-coder
percentage of agreement for 20% of the topic releezodings was 98% (Cohen’s Kappa
= .85).

Coding explicitness Although all the analogies identified in this stushtisfied the
condition that the mappings of target and baseexp8cit or could be readily inferred, the
degree of explicitness varied, which might influernice comprehension or effectiveness of
analogies. An analogy is explicit if the mappin§she target and base were conveyed
explicitly and the purpose, or point, of the anglags explicitly mentioned. In contrast, an
analogy is implied when the analogical mappingseweat explained or the conclusion or
rhetorical purpose of the analogy was not stated.imter-coder percentage of agreement for
20% of the cases was 90% (Cohen’s Kappa = .77).

Coding analogy effectsTo explore the influence of analogies on subsequent
discussion, we coded five successive turns afteryevrn expressing an analogy into one of

the following categories: (a) simple agreement aitireasons (e.g., yes, | agree) (b) simple
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disagreement without reasons (e.g., no, | dontagyith you), (c) agreement with
elaboration, (d) clarification, restating curreosgion or reason, (e) request for reasons, (f)
counterargument to the analogy, (g) rebuttal ferahalogy, (h) intrinsic termination, shifting
topics with no apparent external reason, (i) exetgrmination, shifting topics because of
time limits or reasons beyond the students’ con{fpteacher’s move, including praise for
analogy, clarification, request for reasons, cowamtgiment, or rebuttal. If any of the five
successive turns after an analogy was also an@gndleen five turns after the additional
analogy were also coded. The inter-coder percertbggreement for 20% of the cases was
91% (Cohen’s Kappa = .90).
Results

The 54 discussions contained 12,849 turns for spgaiacluding 3,061 turns of
introduction, debriefing, and nonverbal behavigQ4ad fragmentary turns; and 332 simple
position turns (e.g. “I think yes.”). Excluding tf@regoing turns, the final data set contains
7,215 complete and interpretable turns. Among tmepiete and interpretable turns, a total of
277 analogies were identified, with 48 of 54 distol transcripts containing at least one
analogy. On average, there were 5.13 analogiedipaussion with a range of 0 to 22
analogies (discussion time ranged between 10 amdiddtes). These analogies were
generated by 78 (65%) students, and 73% (n = 5thesk analogizers generated more than
one analogy. The other students (n = 42, 35%)dddegenerate an analogy in any discussion.

Further analyses of children’s use of analogy ask#e five topics, as follows:
Analogy generation across discussions, featurehitifren’s analogies and interactions
among these features, temporal changes in analwgration, sequence of analogies as a

function of structure, and rhetorical moves trigggeby analogies.
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Analogy Generation across Discussions

A Poisson regression analysis using the Generaliztichated Equations technique
(Liang & Zeger, 1986) showed that, after accountarghe dependence due to repeated
observations, the number of analogies children ige@e increased by 43% from the first to
the third discussiore= 3.98,p < .001), and increased by 63% from the third to tmemi
discussionZ= 2.77,p=.001). The increase across discussions reflectddebbigher
percentage of children using analogies, which amed from 33% in the first discussion to
44% in the ninth discussion, and more frequentoysthose who analogized.
Features of Children’s Analogies

With respect to thetructure of analogies, thereere 36 (13%) surface-only
comparisons, 144 (52%) surface+relation analo@eé$35%) relation-only analogies. It is
interesting that relational analogies with shanedlage features were more numerous than
relation-only analogies. The fact that studentsegated very few surface-only comparisons
implies that in an argumentative environment stisl¢hinking tended to be relational. These
results are consistent with Gentner, Rattermanth Fambus’s (1993) finding that surface
features shared by a base and a target would belikely to lead a person to recall that base,
compared with relational similarities without shéhmirface features. Holyoak and Koh (1987)
proposed a similar idea in which analogy retriemablves a summation of activation.
Therefore, retrieving a base with many shared diggrfeatures would be easier than
retrieving a base with only shared core structcoahponents.

With respect to thaovelty of analogies, among the 277 analogies, 111 (4086¢ w
old analogies, 53% of them repeated by the sameginar and 47% picked up and repeated
or elaborated by other children. There were 11684d60ew analogies, generated by 2.13 (SD

= 1.06) different children per discussion. Whilerhis nothing wrong with a child
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elaborating an analogy introduced by another chile large percentage of new analogies is
noteworthy because generating a new analogy reqiinesability to consider the issue from a
different perspective that others had never meatlan the discussion.

With respect tdopic relevance, 20 out of 277 analogies (7%) were coded as pitto
Off-topic analogies proved to be related to analstgycture. A Chi-Square association test
showed a significant association between the streaf analogy and digression
(ng) =7329 p<.001). Surface-only comparisons were 33.57 timeee likely to be off
topic than surface+relation analogies, and wer@38mes more likely to be off topic than
relation-only analogies.

Regarding thexplicitness of analogies, there were 177 (64%) explicit anasgnd
100 (36%) implied analogies. A Chi-Square assamatiest showed a significant relationship
between analogy structure and explicitne,ég €1394, p<.001). As shown in Table 2,
surface+relation analogies were 1.23 times momylito be explicit than relation-only
analogies, and were 4.02 times more likely to h@iex than surface comparisons. Surface-
only comparisons were more likely to be impliedrtiiae other structures. This might be
because the speaker assumed other children alkeadywhat kinds of surface features
made the base and target objects similar. For ebeanmpthe following except, Helen used
magazine covers to illustrate that Evelyn can asadraw an excellent painting when she
wants to, but Helen did not explicitly mention #t@nmon attribute between the magazine

covers and Evelyn’s paintings.

Helen But see Evelyn- Evelyn can make picturesltak like the magazine covers
whenever she felt like paining.

[Insert Table 2 about here]
Regarding thehetorical function of analogies, there were 191 (69%) confirmatory

analogies and 86 (31%) refutational analogies. A%tjuare test showed that refutational
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analogies were 1.71 times more likely to be explian confirmative analogies(?;) = 363,

df = 1,p =.05). This suggests that the explicitness ofraiagy may be conditioned on its
rhetorical function. When children argued agairteeochildren’s opinions, they tended to
explicitly state the warrant or conclusion of tmakgy. In contrast, when they generated
analogies to elaborate other children’s ideaswidweant or conclusion were more likely to be
left unstated, probably because these were asstmiedreadily apparent from the previous
speakers’ contributions.

Temporal Changes in Analogy Generation

This section examines whether use of anakmgyballed, or propagated throughout
CR discussion groups. We evaluated whether childagnearn the process of generating
analogies through social interaction with othetdren such that analogies are generated
more frequently over time. To test the hypothesis time interval between each pair of
successive analogies within a discussion was theraent measure. The ordinal position of
analogies and its quadratic form were the mainiptedvariables. Other potential factors
such as novelty and explicitness of analogy wese ekamined. The time interval for the
first analogy in a discussion was calculated bytragking the time when the analogy
occurred from the time when the discussion begean #fe teacher’s introduction. Six
transcripts were removed from the analysis becthesecontained no analogies.

The snowball phenomenon was examined using a dereer&oisson mixed model
in which student and discussion were treated adorarcluster effects, ordinal position of an
analogy within students within discussions wascadieffect, and the time interval between
analogies was the dependent variable. Analogiesritethe 18 in a discussion were
removed from the analysis because of the small eammboccurrences. Model 1 in Table 3

contains the ordinal position of analogies andjitadratic form. Results showed that the
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ordinal position of an analogy had a negative iatehip with amount of time between
occurrencesf(jinear = --13,t = -16.2,p <.001). The quadratic relationship between the two
factors was also significart {uadraic= -004,t = 6.69,p <.001), indicating a leveling off in the
decline of time between later occurrences of anedogrigure 1a shows that the first analogy
was likely to occur 282 seconds after discussigabeGiven that an analogy had occurred
for the first time, the next analogy was likelydocur in about 195 seconds, and the third
analogy in 164 seconds after the second. Thusetwdts are consistent with the snowball
phenomenon: over the course of a discussion amal@gicurred with increasing frequency.
[Insert Table 3 and Figure 1a about here]

Whether an analogy was new or old was enteredgiression Model 2. The time
interval between two analogies was strongly relédeitie novelty of the second analo@y (
new = .69,t = 31.86,p < .001). Once an analogy was introduced in a dson, children more
promptly repeated or elaborated the analogy as aoedo generating a new analogy. The
snowballing of analogy use, however, was mainlytattable to new analogies. Model 3
documented a significant interaction of novelty #mel ordinal position of analogie$ few x
ordinal position= --04,t = -6.96,p < .001), while the main effect of ordinal positiand its
guadratic were no longer significant. As can baensed-igure 1b, the decline in time between
analogies was almost entirely due to the increasitgof new analogies.

The time interval between analogies was not relaiede explicitness of the second
analogy, indicating that children generated expéaid implied analogies equally promptly.
Event string length, or number of analogies inszaésion, was found to have a marginally
significant and negative relationship with timeeinal. Since the results did not change when
the event string length variable was entered argable was dropped from the model.

[Insert and Figure 1b about here]
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An example of three concatenated analogies is showre following excerpt. Alex
first generated an analogy about a person beirkgtbim a cage. In response to Alex’s
guestion, Stacy elaborated the analogy expressawgshe would feel if she were locked up
in a cage. Then Daisy presented a new analogymiitimal surface similarity to the

previous analogy.

Alex Yeah, if you're locked up in the cage, how Vdoyou feel?

Stacy Yeah, | wouldn't like being locked up in ttege, that would not feel
right.

Daisy Cause it's like, your mom locking um you being purshed or
something, and your mom locking you in your room foa whole
week.

Event history analysis was utilized as an alteweasipproach for examining the
snowball phenomenon. The purpose of the altermathysis was to be sure there was no
distortion in findings due to censoring. In the o of the present study, censoring
happened when discussions were brought to a dldsen a discussion ends, it is
indeterminate whether there would have been otmapgies or at what time intervals.

Because the event history structure of analogiesporates a natural sequence of
repeated analogy events clustered within discussibe Prentice, Williams, and Peterson
(PWP) (1981) conditional gap-time model was setetbe the analysis. In our study, the
PWP analysis entailed sequences of analogy eversteied by discussion and stratified by
analogy order. The dependent variable is the titerval between successive pairs of
analogies. Analogies beyond thé"Bere not analyzed due to the small number of
discussions in which more than 15 analogies ocdu2é&assroom, entered as a set of dummy
variables, was employed as a covariate. Table wslitat the time between successive
occurrences of analogies decreased as the ordisgign of an analogy within a discussion
increased, which corroborates the previous snoveallysis employing generalized Poisson

regression. Interestingly, the survival functiotiraates and cumulative hazard function
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estimates were approximately constant over 15 oecoes, which indicates that once one
analogy occurred in a discussion successive arsagere likely to occur with about the
same probability but at shorter and shorter tinbervals. Classroom did not have a
significant effect.
[Insert Table 4 about here]

Sequence of Analogies as a Function of Structure

A lag sequential analysis (Bakeman & Gottman, 19€%9 used to examine the
sequence of analogies with regard to structure.gba¢ of lag sequential analysis is to find
out whether there is any systematic pattern irséggiencing of events beginning with a
given or criterion event. This analysis outputsttia@sitional probability (TP) that a target
event occurs given the criterion event has occuifbd target event can be immediate (Lag
1), after one intervening event (Lag 2), after imtervening events (Lag 3), and so forth.
This analysis examined the sequence of analogiesgal and Lag 2. Non-analogy speaking
turns were coded asher. Consecutive codes were allowed to repeat. Thefs&15 full
speaking turns was entered in the analysis. Restutiwed that at Lag 1, analogies tended to
trigger other analogies with the same structureuace+relation analogy was likely to be
followed by another surface+relation analogy immagésly (TP = .11p <.001, Yule’'s Q
=.74). Similarly, a relation-only analogy was lik&o be followed by another relation-only
analogy (TP = .06 <.001, Yule’'s Q = .67). Importantly, the use of sugarelation
analogies increased the likelihood of subsequeaibgies at the relation-only level (TP = .05,
p <.001, Yule’s Q =.60), while surface-only comparisald not initiate such a relational-
shift.

The Lag 2 sequence was similar to the sequencagal LAn analogy was likely to

trigger another analogy with the same structurer @ intervening event (surface
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similarity-> surface similarity, TP = .0®,< .001, Yule’s Q = .90; surface+relatieh
surface+relation, TP = .0p,< .001, Yule’'s Q = .59; relation-onk relation-only, TP = .11,

p < .001, Yule's Q = .83). A surface+relation analotgoancreased the likelihood of a
relation-only analogy at Lag 2 (TP = .@¢s .001, Yule’s Q = .54). The result supports our
hypothesis that relational analogies with sharethsa similarity plays a role in scaffolding a
relation-only mapping, but surface-only similariyls to show such a relational-shift effect.
Rhetorical Moves Triggered by Analogies

This analysis explored the effects of analogy ouents’ rhetorical moves during
Collaborative Reasoning. A lag sequential analysis performed on five successive turns
after every turn containing an analogy. The nunabehetorical categories in the coding
scheme was reduced from 12 to 7 to enhance statisensitivity. New and old analogies
were merged intédnalogy. Simple agreement and elaboration were mergedfgiteement-
Elaboration. Simple disagreement and counterargument were margeDisagreement-
Counterargument. Clarification of reasons or positions and regsiést reasons were
combined a<€larification. External and internal terminations were merged Tetanination.
Homogeneity and stationarity assumptions were fitet emoving two outlier discussions,
although excluding the two extreme cases did nahgh the overall pattern of the pooled
results. The results shown here are thereforebsided on the pooled data.

Figure 2 shows the likelihoods of rhetorical mowesurring after an analogy.
Agreement-Elaboration and Disagreement-Counteraegtimere the most frequent
rhetorical moves following analogies, but the rgatifference between the conditional
probabilities of the two rhetorical moves changedrdags. At Lag 1, the transitional
probability of Agreement-Elaboration was highenthiat of Disagreement-

Counterargument. At Lag 2, Disagreement-Counteraegi was more frequent than



CHILDREN'’S USE OF ANALOGY 25

Agreement-Elaboration. After Lag 2, the two rhatatimoves became relatively even.
Children presented more rebuttals at Lag 4. Teriwindoad a low probability and thus is not
shown in Figure 2. The low termination rate indésathat students were engaged by the
process of analogical reasoning. Overall, the dyogattern of rhetorical moves following
analogies suggests that analogy facilitates thve filbargumentation, and that multiple
aspects of reasoning were triggered by the usaealbgy.
[Insert Figure 2 about here]

General Discussion

A major finding of the present study is that cheldis use of analogsnowballs during
collaborative peer-led discussions. Once a childduces an analogy in a discussion, the use
of analogies spreads to other children and anaagseur with increasing frequency.
Moreover, the study documented qualitative changese of analogies over time. Whereas
children often repeat or elaborate the analogiesgmted by previous speakers in a
discussion, the snowball phenomenon was almosegntue to the increasing rate of novel
analogies (see Figure 1b). This fact implies thatdnowball phenomenon cannot be
attributed to simple or shallow mimicry, but ingl@mplies a deepening understanding of
analogies. Taken together, the findings from theprovide distinctive new evidence for
the importance of social interaction in an aspécognitive development.

The present study also showed that children gezgbfat more relational analogies
than surface-only comparisons, but most often eéfegional analogies also involved shared
surface features. Analogy use tended to progress tine surface+relation level to the pure
relation level in subsequent speaking turns, supmpthe relational-shift theory at a micro
level (Gentner & Rattermann, 1991). Surface+retatinalogies had a higher frequency in

the present study, and perhaps greater value.cedf@lation analogies may be more
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accessible than purely relational analogies, dadisanalogies, in that surface features can
facilitate visualization, which helps people uncotres otherwise hidden structure of a
domain of knowledge (Clement, 1989). Relationsimpsommon can then be bootstrapped
from shared surface features. Such an interpretaisupported by Holyoak and Koh (1987),
who found that when a base and a target shared sndiace features, the underlying
structure of knowledge was more likely to be reeekthan when a base and a target shared
few surface features.

Analogical reasoning with the support of surfaceiksirities may make fewer
cognitive demands than relational reasoning witlsoutace similarities. This is because
when common surface features are present, theginatavould assume things at the surface
level are the same, and therefore can spend miomne @iapping relational similarities and
less effort suppressing irrelevant surface featdrks interpretation is consistent with the
LISA model (Hummel & Holyoak, 1997), which predid¢teat formally difficult mappings can
be reduced in their complexity if the correct maygpis facilitated by surface similarity.
Conversely, they can be made even more difficutiefcorrect mapping is contradicted by
surface similarity. Relying on surface featureadoess a relevant base problem may be a
valuable and sometimes necessary heuristic (césBlg & Ross, 1996). Most of the time
surface features and the underlying structurepbalem are correlated (Sweller, 1980).
Taking advantage of the easy-accessibility of srfamilarity can create a short cut to a
deeper level of thinking.

Whereas surface+relations analogies were frequehgiset of discussions analyzed
in this paper, likely to be explicit, and pivotalinicrodevelopment in the sense that they
significantly increased the transition probabilifya relation-only analogy in the following

two speaking turns, surface-only comparisons warequent and those that did occur often
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led into a blind alley. Surface-only comparisong bt increase the likelihood of relational
analogies in following speaking turns. Surface-ardynparisons tended to be inexplicit and
were far more likely than surface+relations anaegnd relations-only analogies to lead to
an off-topic digression. These contrasting featares the moment-by-moment aspects of
change in cognitive development were successfaigahstrated using the microgenetic
approach (Siegler & Crowley, 1991), which cannoabeomplished within any cross-
sectional design.

One thing worth mentioning is that a few off-topitalogies were immediately
redirected by other children or the teacher. Algtosuch social control was not
systematically examined here, we can say thatrenildenerally seemed to try to make sense
of analogies and critically examine their validithe process of identifying similarities and
differences suggested by an analogy appear tohslgzen to closely examine deep features
as well as surface features (see Wong, 1993). Inhaively, they enriched the target domain
by imagination and prediction, recalling personglexience, and applying principles known
to them.

Teachers undoubtedly play a role in children’s afsenalogy, but the current study
did not take into account analogies initiated by tidmachers, or how teachers scaffolded
children’s use of analogy. We compared the teashafent interaction styles between one
discussion that did not generate any analogy amdlidtussion containing the most analogies.
The contrast of these two discussions suggestedhttize high-analogy discussion the
children were more willing to talk because the hemg/ielded the floor to students and asked
occasional open-ended questions instead of mayedre short-answer questions. This
teacher praised the children judiciously and apxktr request reasons at appropriate times.

Although Collaborative Reasoning was designed @sea-controlled discussion forum,
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teachers’ scaffolding has been found to have apraf effect on students’ talk (Jadallah et
al., 2010). It is only reasonable to assume thaadtter-student interaction would have an
influence on analogy use. How teacher-studentantem and student-student interaction
together influence children’s use of analogy shduddddressed in the future.

Our conjecture is that spontaneous child-generatatbgies are better able to
facilitate conceptual understanding than teachppised analogies. Child-generated
analogies may have high accessibility for childoecause children have shared perspectives
and shared background knowledge. In the curredisthildren used analogies equally
frequently to confirm and to challenge one anotimelicating that they were able to use
analogies flexibly for different rhetorical purpas&he finding that analogies triggered
multiple rhetorical moves through at least fiventipf discussion implies that analogies
introduced by peers are intellectually stimulatiogchildren.

Several issues remain unresolved. The results shtvae children’s use of analogy
progressed across the discussions, but we caneatutithe possibility of story effects, since
stories were not counterbalanced. There were soudsions in which children failed to
produce any analogies, and about one-third oftildests did not generate an analogy in any
discussion. Three of the six no-analogy discussomasirred in the first session, two occurred
in the third session, and the other one in thehni@ne reason for failures to generate any
analogies in the first discussion, and perhapshing, may be that children were not yet
familiar with CR guidelines. How well the groundes for talk were setup by the teacher
might have affected the quality of discussion drelgeneration of analogies (Mercer &
Wegerif, 1999).

Perhaps the major force driving the analogical tigraent observed in the present

study was that Collaborative Reasoning discussadfiosded children lots of opportunities to
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exercise analogical retrieval, mapping, and infeeginom one domain to another. Failures of
children to understand analogies are sometimabu#tble to lack of knowledge, but in the
present case children had enough knowledge tomessuut the issues raised in the stories
they read, and they were able to check each otlrergithe give-and-take of discussion,
allowing them to bridge an experience gap with edénother reason why children
sometimes may not appreciate analogies at a nedtievel is that they are vulnerable to
surface distractions, but in collaboration it se¢hey can help each other understand issues
in deeper ways. In this sense, experience in auidiing social environment may have

enabled children to exceed what might otherwiseslmen individual cognitive limits.
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Table 1

36

Examples of Surface Smilarity and Analogies with Different Types of Sructure

Structurt Definition Example
Surfaceonly matched or simila Mark And it would be like just being in, and regulad érson
objects or object being in a jail some time somewhere it will, ungyiwon't
characteristics, like it that much
such as size, Mary They think they're like in jail cause of the bars ad all
length, color that
Surface- the same Susal It was her responsibility for her own picture, siwuldn’t
first-order relationship have left it out there.
between two Jessica  She probably forgot about it
objects withthe  Grace So? She forgot about she forgot about it.
support of surface Paul What if what if you was out there?
similarity
Surface- same relationshi  Teache What kind of feelings'
first-order+ between relations James Sad ones.
higher-order  with the support of Teacher | don't understand...Maybe you could erptdp us.
surface similarity James It's like, if your painting's outside in the rain and you
didn't know, and you was looking for it, and you ddn't
know somebody knew, and you was askin everybody and
they didn't know, you would feel sad.

Danny  They shouldn't go to the south because um some wéit
people have prejudice of black people just becausieey
have more money and stuff and i know this black gugnd
he has more money than we do and he just goes ouith
buys new cars and he's a friend of my dad's. My ah
doesn't say get away.

First-order the same¢ Mark When | was at zoo, it was, one elephant had its¢usoff.
relationship Allen Yeh, but you have to so you wouldn't get hurt
between two Peter But they weren't really cut all the way. Thetill grow back.
objects such as Jenny  Butit's still kind of cruel. What, what if like somebody get
bigger, or human your teeth?
relationship such  Alex Pretend this is like a cage. And who would rather & here
as friendship or recess?

Jim Recess, that's true.

First-anc- same relationshi  Katherine Would you rather stay home and be safe or wouldrgither
higher-order  between relations, go somewhere and be arrested or

more systemic and
abstract, such as
causal and
mathematical
relations

Alison
Mark

Anne

ANne

get killed or something

Yeah, just like if... pretend, pretend you're living in
Afghanistan right now and all the Afghanistan peopé are
out there with guns and stuff and you're living thee and
you'd be safe in a home or something. What if yowpt
walked out there in front of everybody and then thg
would just start shooting at you. It's the same way

| agree with that. Because um you can't it's the sae way
with books oh this looks like just because it is iblack and
white I'm not going to read it.

That's the same thing with peoj
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Table 2

Number of analogies as a function of analogy structure and explicitness

Explicitness
Structure Explicit Implied Total
Surface-only 14 22 36
Surface+relation 100 44 144
Relation-only 63 34 97
Total 177 100 277

Table 3

Generalized Poisson mixed regression models of the anal ogy snowball phenomenon

Model parameter Estimate SE df t
Model 1
Ordinal position -0.13 0.008 155 -16.20 ***
Ordinal position x Ordinal position 0.004 0.001 155 6.69 ***
Model 2
Ordinal position -0.06 0.009 154 -7.01 ***
Ordinal position x Ordinal position 0.0004€.0006 154 0.63
New analogy (1 = New, 0 = Old) 0.69 0.02 154 31.86 ***
Model 3
Ordinal position -0.005 0.012 153 -0.39
Ordinal position x Ordinal position -0.001 0.001 153 -2.14
New analogy (1 = New, 0 = Old) 0.950.044 153 21.75 ***
New analogy % Ordinal position -0.040.006 153 -6.96 *

Note. * p< .05, * p< .01, ** p<.001
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Table 4
Mean time intervals, survival function estimates, cumulative hazard estimates of analogy

events as a function of the number of analogies within discussions

Mean
Mean Cumulative
Number Discussions Mean  Survival Hazard

of with > N Time Function Function
Analogies Analogies Interval Estimate Estimate
1 48 281.65 0.51 0.89
2 39 194.62 0.53 0.81
3 31 169.07 0.53 0.79
4 26 101.00 0.53 0.84
5 22 104.64 0.52 0.85
6 19 80.95 0.51 0.86
7 15 83.13 0.56 0.79
8 13 60.69 0.51 0.87
9 11 56.09 0.50 0.85
10 10 65.40 0.49 0.91
11 9 71.22 0.47 0.90
12 7 45.57 0.51 0.78
13 6 41.83 0.49 0.86
14 4 51.00 0.57 0.67
15 4 65.00 0.45 1.00
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Time Interval (second)

Ordinal Position (a)
300

Novelty A New @ Old

200 1

Time Interval (second)

100

Ordinal Position

(b)
Figure 1 (a) Average time interval between successive pairs of analogies. (b) Average time

interval between successive pairs of new and old analogies.
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 Analogy

O Agreement-Elaboration

B Clarification

B Disagreement-Counterargument
B Rebutal

O Teacher's Moves

Figure 2. Rhetorical moves during five successive turns after analogies. All transitional

probabilities were significant at p = .001.



