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Abstract

This study investigated whether generic stimuliiave children’s ability to
acquire and transfer novel dynamic relations. Tyesr-olds and four-year-olds learned
a novel dynamic relation (an object disappearindpich was arbitrarily termed “daxing.”
Half of the participants learned with generic stinamd half learned with concrete
stimuli. Then each participant identified novel dymc relations as either “daxing” or
“not daxing.” Results revealed both developmental learning format trends. Four-year-
olds in both conditions were more adept than tlyesg-olds at learning and transferring
the relation. Learning formats did not significgrdiffect three-year-olds’ ability to
transfer; however, within the four-year-olds, papants who learned with generic
formats transferred significantly better than tha$® learned with concrete formats.
Because generic stimuli are perceptually simplérlass distracting than rich stimuli,
four-year-olds in the generic condition may haverbbetter able to focus on the relation
and, therefore, better able to recognize it in tentexts. These findings add to
understanding of the acquisition of novel relatia®monstrating that generic learning
formats, as compared to concrete formats, mayyendg children an advantage not

only for static, perceptual relations, but alsodgnamic relations.



The Effect of Learning Formats on Relation Acquosit

Understanding relations is crucial to acquiring\kfemige of the world. Many
concepts are defined by relations; for exampleykedge of the simple concept “bigger
than” depends on noticing the relationship betwersizes of two different items. The
transfer of known relations to novel contexts femed to as analogical reasoning. This
process can facilitate understanding of a new stngGentner & Holyoak, 1997). For
example, when the recent Great Recession begascasters began comparing it to the
1930’s Great Depression (hence, the name GreasBieog. This analogical link led
listeners to make assumptions about the Great Recesased on inferences from the
Great Depression. Indeed, government officials sekto make the same analogical
connection, developing economic stimulus plansgndic works projects which
mirrored President Roosevelt's Great Depressioitipsl Noticing the relational
similarities between two situations allows oneatodl both as examples of the same kind
of situation.

Understanding relations through analogical reagpisiundamental to
mathematics, science, and higher level thinkinganeral (Kaminski et al., 2006). In a
classroom setting, teachers must present matergldh a way that students can grasp
underlying relational patterns and transfer themaweel examples in homework
assignments or examinations. For example, whenegitary teachers teach the concept
of fractions using examples of cutting pie or piztadents must grasp the, perhaps not
so apparent, similarities between slices of piegslof pizza and the mathematical
expression of a fraction: the underlying relati@tvoeen the numerator and denominator.

While these relational similarities may be quitkesd to a teacher and to all those who



understand fractions, for learners, attending laticnal similarities (humerator and
denominator) as opposed to surface ones (piesianaspare round) may be difficult.

Attention to relational similarities is an abilitiyat develops as children mature
(Piaget, Montangero & Billeter, 1977; Sternberg &ining, 1982; Sternberg & Nigro,
1980). In particular, recognizing relational sianities instead of only surface ones
becomes easier as children grow older. This dewatopal change is often referred to as
“the relational shift” (Gentner, Ratterman, Markm&nKotovsky, 1995). First, children
identify superficial, feature similarities (e.gurad ball, round orange). After the shift,
they are able to understand relational similarifeeg. Mom pushing stroller, Dad
pushing grocery cart). There are two well-reseatehediators of this shift, domain
knowledge and relation complexity, and both prowed®iable insight into the
phenomenon (Richland et al., 2006).

Domain knowledge concerns children’s familiaritytimihe target subject matter.
(Gentner & Ratterman, 1998). When children haveimed sufficient knowledge of the
relation’s subject matter, they can then make ¢tetional shift. Accordingly, children
have the potential to reason analogically at venyng ages if familiar with the domain
(Goswami, 1991; Vosniadou & Ortony, 1983; Brown8291990; Brown & Kane,
1988). In a study supporting this theory, experitaenshowed four-year-olds a picture
of a tree and asked them, “If a tree had a kneeewleuld it be?”(Gentner 1977a,
1977b). Because the posed question dealt with stulmjatter sufficiently familiar to the
children, they were able to respond as accuratefdalts. One implication of the domain
knowledge account is that children may have shifbedgoticing relational similarities in

one area while still only recognizing surface samties in another.



Relation complexity concerns, among other thinigs,fumber of elements in a
relation (Halford & McCredden, 1998). Children’sildip to make the relational shift
depends on their mental capacity to attend torttportant aspects of the relation. Unary
relations relate only one element which correspaods attribute or other descriptor
(such as “big cookie”). Binary relations such asother hugs sister” relate two elements
(brother and sister) with one relation (hugs). Beyrrelations relate three elements with
two relations (brother hugs sister who hugs bahgyl quaternary relations relate four
elements (the proportion a/b = c/d). Reasoning Wise relational structures requires
the ability to keep all elements and their reladiammind (Richland, Morrison, &
Holyoak, 2006). As children mature, they gradualigin processing capacity for more
complex relations. Two-year-olds can process omgty relations, but five-year-olds
have the capacity to process ternary relationsf@ithl 1993).

Both domain knowledge and relation complexity anpartant factors in
analogical reasoning (Richland et al., 2006). WHdenain knowledge may enhance
children’s ability to shift from reasoning with $ace similarities to relational
similarities, certainly developing mental capat¢dyhandle more complex relations plays
a role as well. Our experiment focused on an amlthli factor that may affect children’s
ability to notice relational similarities: the peptual richness of elements involved in the
relation.

In one study, experimenters investigated how bdtharthg degrees of elements’
perceptual richness and competing surface sinyilarétches affect children’s ability to
notice relational similarities between percepte#htions (Ratterman, Gentner &

DelLoache, 1990). The experimenter presented ealchvalth two sets of three physical



elements arranged by increasing size from lefigiat (e.g. three clay pots arranged
smallest to biggest). Then she asked the childéotine relative location of one of the
elements in Set 1 (e.g. the middle clay pot) td fsticker hidden beneath one of the
elements in Set 2 (e.g. the middle clay pot).

Figure 1: Stimuli Used in Relational Matching Study by Ratterman, Gentner &

Del oache, 1990

Perceptually-Sparse Objects Perceptually-Rich Objects

Both sets were arranged in increasing size, bytweze staggered such that Set 1
contained sizes 1, 2, and 3 and the Set 2 contaired 2, 3, and 4. So the child could
make a surface similarity match and match elemaynexact size (Set 1, size 2 and Set
2, size 2) or a relational match and match elementelative size and location (Set 1,
size 2 and Set 2, size 3).

Additionally, the elements in the sets varied inceptual richness. In one
condition, both sets contained perceptually-spabgects (e.g. three clay pots), and in the
other condition both sets contained perceptuatiij-abjects (e.g. a colorful mug, toy
house, and flowerpot). Thus, in the perceptualtrgondition Set 1 contained a car in
size 1, amug in size 2, and a house in size 3Sah@ contained a mug in size 2, a house

in size 3, and a flowerpot in size 4. Once ag#ia,dhild could make a surface similarity



match and match the Set 1 mug in size 2 to th@ &eig in size 2, or a relational match
and match the Set 1 mug in size 2 to the Set 2ehiousize 3.

Children made more relational matches with the gqarlly-sparse elements
than with the perceptually-rich ones. Evidently thstracting surface similarities of the
perceptually-rich elements made detecting relatisimailarities more difficult.

This study primarily investigated children’s ablyjlib ignore a competing surface
similarity match and make a relational match indtéerceptually-rich stimuli hindered
children’s ability to focus on relational similaes and perceptually-sparse material
facilitated focus on relational similarities. Thesdittle research that describes the effects
of perceptually-rich and sparse stimuli on childseability to recognize relations without
the distraction of a superficial similarity matétowever, a few studies have suggested
that perceptually-rich stimuli hinder children’silé to notice relational similarities
even when a competing superficial match is notgareDelLoache, 2000).

For example, in one study experimenters examinédreh’s ability to transfer
relational concepts from models to a life size rd@aLoache, 2000). Models are
symbols of the rooms, buildings, or cities, etattthey represent. Using a model as a
symbol requires the ability to observe the relai@milarities between it, as a symbol,
and that to which it refers. In addition, childnaist be capable of dual representation,
the ability to comprehend the model’s concrete avstract natures (DeLoache, 2000).
For example, a model has a concrete nature: itlotkylike a dollhouse with miniature
furniture, people, colors, and textures. Howeweaalso has an abstract nature: the
arrangement of the furniture or rooms is a repriagiem of real furniture or rooms in a

real house.



A series of experiments with models demonstratatttie salience of a symbol’s
concrete nature affects children’s ability to netrelational similarities between the
symbol and what it represents (DeLoache, 2000)dén were less likely to make
relational matches when a symbol’s concretenessweas salient. Each experiment had
a similar set up: a room and a miniature model regre furnished with furniture in the
same layout. The experimenter hid a Snoopy dolingebne of the life-size pieces of
furniture while the child was not looking. Then tttald watched as she hid a miniature
Snoopy doll behind the analogous miniature piedeimiiture. Next, the experimenter
asked the child to use the location of the Snoaglyid the model as a clue to find the
Snoopy doll’s location in the room. In three vanas of this setup, the child played with
the model before the task, simply looked at the éhod saw the model behind a glass
window. With each variation, the model’s concrestune was less salient and the
children were better able to find the big SnoopW. d@ecreasing the model’'s
concreteness may have made it easier for childratténd to its abstract nature and
accordingly use relational similarities to find thig Snoopy doll.

These findings have implications on children’s iptio shift from noticing
surface similarities to relational similarities. Afhthe physical, concrete nature of two
objects is salient, relational similarities aresleasily recognized. For example, in
fraction teaching, the concreteness of pepperahsansage may obscure the relational
similarities between a pizza and the fractionresents. Conversely, the perceptual
sparseness of a plain circle divided into sectroay facilitate recognition of relational

similarities between the circle’s sections andfthetion they represent.



A few recent studies have demonstrated suppothése findings (Kaminski &
Sloutsky, 2010; Kaminski & Sloutsky, 2009). Onedstfiocused on young children’s
ability to make relational matches between simgeg@ptual relations such as monotonic
increase, monotonic decrease, and symmetry (KamgnSkoutsky, 2010).

Experimenters presented children with two side-lg-slisplays of a perceptual relation
on a computer screen. Then experimenters askezhildeen to point to an item in the
right display that was in the same relational adea target item in the left display. To
complicate the task, the left displays varied ircpptual richness. Perceptually-rich
displays were termed concrete and perceptuallysspdisplays were termed generic. For
example, in the generic pairing for one trial, stide on the left depicted three triangles
increasing in size from left to right, while in thencrete pairing the slide on the left
depicted three colorful dogs increasing in sizefteft to right. The slide on the right
always depicted concrete items, such as threetbrigblored fish, displaying the same
relation (increasing in size from left to right).

Experimenters randomly assigned children to segé¢heric pairings first and the
concrete pairings second or vice versa. An expetiengointed to one of the items in the
left display (e.qg. the right-most, biggest triangtedog) and asked the child to point to
the item in the right display that played the saslational role (e.g. the right-most,
biggest fish). There was no difference in scorethergeneric pairings as a function of
when they were answered. However, there was aeiifte in scores on concrete
pairings. Children who first saw the generic pasrscored significantly higher on the

concrete pairings than children who saw the coegpatrings first. Learning from
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generic elements gave an advantage on subsequemetmpairings, while learning from
concrete pairings gave no advantage on subseqeaeatig pairings.

Many studies have demonstrated that perceptuallysspgeneric stimuli have an
advantageous effect on adults’ ability to learn adsfer relational concepts as well
(Goldstone & Sakamoto, 2003; Goldstone & Son, 26GBninski, Sloutsky, & Heckler,
2008 Sloutsky, Kaminski, & Heckler, 20050ne study tested undergraduate students’
ability to learn a mathematical concept from gemericoncrete examples (Kaminski,
Sloutsky & Heckler, 2008). Initially, students wexele to grasp the concept with relative
ease in both conditions. However, students whaéshthe concept with generic
examples were better able to relate or transfeérkiinavledge to novel examples than
those who learned with concrete examples. If diitrg, concrete examples hinder
adults’ ability to pick out and transfer relatiotisen certainly children, who are less able
to control and focus their attention, will learsdeeffectively with concrete examples.

This experiment further investigated the validifytttese implications by
examining how perceptual richness affects childyexility to learn and transfer
dynamic relations as opposed to the static, peneéptlations in previous studies. By
dynamic relations we mean simple actions, includiisgppearing, going down, rotating,
and flying up. We hypothesized that children waoddbetter able to transfer dynamic
relations when the elements involved in the retetiovere generic as opposed to
concrete.

Method

Participants
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Ninety-six preschool children from middle-classhgtban preschools and child
care centers in the Columbus, Ohio area partiapatéhe study (56 girls and 40 boys).
Forty-four of the participants were 3.5 - 3.99 yeald and fifty-two of the participants
were 4.0-4.6 years ol = 3.73,SD=.16;M = 4.35,SD = .15).

Procedure

The experiment was an identification task whicHuded three phases: learning,
feedback, and testing. Participants were randossigaed to one of two groups either
the concrete or generic conditions of the task. &tperimenter told each participant she
would be playing a computer game and learning awerd.

In the learning section, children learned to disanate between a disappearing
relation, which was arbitrarily termed “daxing,”daa non-disappearing relation referred
to as “not daxing”. In the non-disappearing relatiather than disappearing, one of the
elements rotated in place. The relations were ptedeas PowerPoint animations and
included three elements. Elements in the conci@atditton consisted of perceptually-
rich images of a girl, table and cookie. Elementthe generic condition consisted of
perceptually-sparse images of a square, oval arthte. Elements were arranged
identically on the screen in both conditions, asaxghin Figure 2 below. Children saw
the “daxing” animation and the “not daxing” anintattithree times each. After each
animation, the experimenter told the child “thaswaaxing” or “that was not daxing.”

Figure 2: Learning & Feedback Dynamic Relations
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Daxing Daxing
~
(Cookie (Triangle
Disappears) @ Disappear)
Concrete Generic
Condition  Not Daxing Condition  Not Daxing
~
o> (Cookie (Triangle
Rotates) q‘; Rotates)

In the feedback section, the experimenter presahtedhild with the same six
animations in a different order and asked the diildientify the relations. The
experimenter recorded the child’s response on papethen provided feedback after
both correct and incorrect responses (e.g. “Riblat, was daxing,br “Actually, that was
not daxing”).

In the testing section, the experimenter presectddren in both conditions with
the same set of 24 dynamic relations and askedhilteto identify them as “daxing” or
“not daxing.” Within these 24 dynamic relationsg timot daxing” relations were more
varied. These included, for example, flying uplifigl down, moving to the side, and
spinning. This section tested participants’ knowkedf the learned relation in the same
format they learned it as well as their abilityttansfer knowledge of the learned target
relation to novel situations. There were four gisestypes. Type 1 questions contained
the same relations and elements (e-learned) pezsemthe learning and feedback
sections. They included two “daxing” relations€atned) and two “not daxing” relations
(r-new). Type 2 questions contained the relatitws ¢-learned, two r-new) and elements

(e-new) presented in the other condition of thenliegy and feedback sections. In other
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words, these were concrete format questions fdicgaants in the generic learning
condition and generic format questions for paraiaig in the concrete learning condition.
Type 3 questions contained five r-learned and sevaw animations with concrete e-
new. And Type 4 questions contained two r-learmatitevo r-new animations with
generic e-new. Each child’s score on the identificatask had two parts: a learning
score and a transfer score. The learning scoraiceat the four Type 1 questions and the
transfer score contained the other twenty Typed)d84 questions.

During the testing section, the experimenter didprovide any feedback, but
merely asked the child if the animation depictedxidg” or “not daxing” and recorded
responses. After the testing section, the expetfienesked a subset of three-year-olds,
10 in the generic condition and 11 in the conceetadition, follow-up questions about
the daxing relation they originally learned. Th@enmenter asked each child what was
happening in the relation and why. After completihg experiment, participants chose a
sticker and returned to their classroom.

Results

Children who failed the feedback phase (could dentify at least five of six
feedback questions correctly) were excluded frota daalysis, because they did not
demonstrate adequate initial learning. Seven tihieae-olds were excluded from both the
concrete and generic conditions. Two four-year-atdéie generic condition scored less
than five as well and were excluded from data aigalyhe two excluded four-year-old
scores were two standard deviations below the mean.

On the testing section of the identification tabkee-year-olds and four-year-olds

in the generic and concrete conditions performet warying levels of success. Mean
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test scores are presented in Table 1. All learaimdytransfer scores except for the three-
year-olds’ generic learning score were significaatbove a chance score of 50%: 2 out
of 4 questions for the learning scores and 10 bA0a@uestions for the transfer scores,
two-tailed, one-sample t-tests (Three-year-oldacoete learning(14) = 6,p < .001,
generic learning(14) = 2.09p = .055; concrete transfgil4) = 3.13p < .01, generic
transfert(14) = 3.44p < .01) (Four-year-olds: concrete learnt(2¢4) = 16.83p < .001,
generic learning(24) = 19.47p < .001; concrete transfgR4) = 6.23p < .001, generic
transfert(24) = 9.62p < .001).

Table 1: Mean Percentages Scored on I dentification Task by Question Type. Chance

scor e equals 50% . Standard deviations are shown in parentheses.

Three-Year-Olds Four-Year-Olds

Concrete Generic Concrete Generic

(n=15) (n=15) {(n=125) (n=25)

M(SD) M(SD) M(SD) M(SD)
Learning Score: 840 (19.4) 66.7 (309) 940(13.1) 960(11.8
Typel Questions  80.0(194)  66.7 (30.9) 940(13.1)  96.0(11.8)
Transfer Score: 647 (18.2) 63.3 (173) 710(16.9)  79.0 (151
Type2 Questions 750(232) 667 (278) 850(23.9) 93.0(11.5)
Type3 Questions  66.1 (23.3) 700 (18.9) 680 (17.6) 747 (18.6)
Type4 Questions  50.0 (18.9) 50.0 (25.0) 660(23.8)  78.0 (20.8)

Children’s learning scores revealed developmergalds. While three-year-olds
in the concrete condition did not score signifitabetter than three-year-olds in the
generic condition, there was a trend of bettergrarnce in the concrete condition, two-
tailed, independent samples t-t¢&83) = -1.42p = .167. In the concrete condition,
three-year-olds answered 80% of questions corrdubthywever, in the generic condition

they answered only 67% of questions correctly.
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As Figure 3 illustrates, four-year-olds demonstiaalifferent pattern of
performance. In both conditions, four-year-oldsredovery high on learning questions,
two-tailed, independent samples t-tégt8) = .568p = .573. In the concrete condition,
four-year-olds answered 94% of questions correatiy, in the generic condition, they
answered 96% of questions correctly.

Figure 3: Mean Learning Scores (% correct) by Ageand Condition. Error bars

represent standard error of mean. Chance scoreis50%.
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Overall, four-year-olds were better able to le&m telations than three-year-olds.
Test scores were submitted to a two-way analysimoénce with age and condition as
factors, and results demonstrated a significamfcefif ageF(1,76) = 25.696p < .001.
Additionally, while four-year-olds were equally alib learn relations in both conditions,
three-year-olds may have had more difficulty leagngeneric relations than concrete
relations.

In regards to the transfer questions, we originaylgothesized that children in the
generic condition would be better at relationahsfar. As Figure 4 reveals, four-year-

olds performed according to expectations, onedailedependent samples t-tdé438) =
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1.77,p < .05. In the generic condition, they answered MY¥%uestions correctly, and in
the concrete condition, they only answered 71%uefstjons correctly.
Three-year-olds, however, demonstrated a diffarent; they performed
similarly across conditions, one-tailed, independamples t-test(28) = .103p =
0.459. In both conditions they answered approxim#®% of questions correctly.
Figure4: Mean Transfer Scores (% correct) by Ageand Condition. Error bars

represent standard error of mean. Chance scoreis50%.
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Four-year-olds once again scored better than4ygaeolds on transfer questions.
Test scores were submitted to a two-way analysimoénce with age and condition as
factors. Results demonstrated a significant etbéeige,F(1,76) = 6.755p < .02.
However, condition did not have a significant effé¢1,76) = 1.268p = .264.
Additionally, there was not a significant interactibetween condition and ad€1,76) =
.908,p = .344.

Discussion

These findings demonstrate that learning relatipagicularly dynamic relations,

is difficult for young children. Four-year-olds pemmed significantly better than three-

year-olds on learning questions, confirming develeptal trends in previous studies on
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relational learning. Results suggest that condestaing material may have been
somewhat easier for three-year-olds to learn tleseigc learning material, however. One
reason for this possible advantage might be thdiaity of interaction between the
concrete objects that made up the relations leam#gk concrete condition. In the study
mentioned earlier, where experimenters asked @mldif a tree had a knee where would
it be?” children were able to notice relational ikamities and reason analogically because
the subject matter was sufficiently familiar (Gestdi977a, 1977b). Because the learned
relation in the concrete condition consisted offdrailiar situation of a girl sitting at a
table with a cookie as opposed to the generic timmds unfamiliar interaction between a
square, triangle and oval, it may have been e&mi@hildren to learn in the concrete
condition.

Three-year-olds’ responses to follow-up questinsut the learned relation
provide further insight into why it could have besasier for children to learn in the
concrete condition. When asked why the target oljethe relation disappeared, 6 out of
11 children in the concrete condition were abledme up with plausible responses, for
example, “the girl ate the cookie” or “the cookienw under the table.” However, in the
generic condition only 2 out of 10 children werdeatio come up with a plausible
response, for example, “I don’t know, maybe it pegp These responses suggest that
perhaps the relation between the girl, cookie abtetwas more familiar and thus easier
to make sense of. For children in the concrete itiomd learning the daxing relation may
have only required learning a new word for a knaelation. However, for children in

the generic condition, the daxing relation was wwam and potentially more difficult to

grasp.
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This same perceptually-rich familiarity may makeo®te relations difficult to
transfer. When learning the concrete relationdchit may have been distracted from the
relevant part of the relation (an object disappegrand thought that the relation had to
do with food or eating. Then, when trying to traarghe learned relation, they might have
had difficulty identifying which novel relations nched the learned relation. Though the
relation may have been rather easy to learn, bedaey had mentally tied it to the
learning context, children may not have recognibed it applied to novel contexts. This
has particular resonance when applied to four-géds™transfer scores in the concrete
condition. Four-year-olds in both conditions leattiee target relation with ease, but
four-year-olds in the concrete condition had mafecdlty transferring the relation than
those in the generic condition. Perhaps the fartifiaf the concrete relations made
transfer difficult.

Four-year-olds in the generic condition, on thesotiand, were old enough to
make sense of the unfamiliar, generic, learnedioglaThen without distracting
concreteness as an impediment, they transferred eifactively than the other four-
year-olds. This supports previous work on percdptlations that has demonstrated the
potential liabilities of concrete learning formatsd benefits of generic learning formats
for young children (Kaminski & Sloutsky, 2010; Kamski & Sloutsky, 2009). Dynamic
relations were more difficult for children to leaand transfer than some of the perceptual
relations used in previous studies; however, tieege advantage extends even to these
more difficult relations.

Future directions for this research might delwgtfer into reasons for the generic

learning format advantage. For example, a studjddomeus more attention on the
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follow-up question we posed to children (i.e. “Wihgl the target object disappear?”).
Our results tentatively suggest that children maiype to unwarranted conclusions when
presented with concrete learning material. In tles@nt study, for instance, a few
children attributed the cookie’s disappearancetoething the girl had done. This type
of causal attribution may contribute to concrebmsli’s distracting qualities and limited
potential for transfer. Instead of confining thekthg” relation to an object simply
disappearing, these children seemed to add an kshieel account of what occurred.

Further elucidating the advantages and disadvastafjgeneric and concrete
learning material may shed light on the effectige of analogical teaching methods. Our
study suggests that generic learning material ndhyransfer of dynamic relations in
young children. This may have implications for aldkildren as well and may apply to a
variety of academic subjects. Science, for instaogetains many difficult relational
concepts, which can be simplified and better urtdetswith analogies. For example,
when teaching how electrons orbit an atom’s nuglEachers may use the analogy of
planets orbiting the sun. Analogies like this aaincourse, be very helpful, but teachers
should be aware that students may have difficidtgighering which aspects of the solar
system relation are relevant to the atom relati@um. study suggests that, in this case, a
perceptually-sparse solar system schematic mayegaime desired dynamic relation
more effectively than a perceptually rich illusioatemphasizing the rings of Uranus and
the redness of Mars. More research is needed ¢ordiete how this generic learning

advantage can best be leveraged in practical tegi@puplications.
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