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Abstract

The present study tested the transfer effectsshioat training
intervention on principled-based self-explanationhe
intervention used fables as well as mathematiceples and
problems as "exemplifying" domains for training lsuself-
explanations. The effects were tested in a newniegr
environment about attribution theory and feedbadssages.
In this experiment, 58 German high-school studemése
randomly assigned to the self-explanation trainingdition
or a control condition (i.e., training of mnemomicategies).
The learning outcomes from the learning environnabdut
attribution theory and feedback did not signifi¢andiffer
between groups. However, those students who afsartesl
to have applied the strategies from the trainirtgrirention
actually showed the best learning outcomes. Ovetadl self-
explanation training intervention "convinced" jysrt of the
learners to engage in principle-based self-expianstin a
new environment. There seems to be two optionchieae
more reliable effects by future training intervens: The
learners have to be prompted more clearly that #feuld
employ the learned strategies in the transfer Iegrn
environment or the short-term training interventgbrould be
extended to have a stronger effect on spontanewateg/
application.
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Introduction
If students acquire cognitive skills, these skalsould

Renkl, and Merrill (2003) encouraged learners teigeine
the principle (here: probability rule) behind eatkp of a
worked example. This prompting procedure fostered
transfer to isomorphic and to novel problems, fdrickh
modified solution procedures had to be found. Hpiee
based prompting also worked in "verbal" domainshuuitt
mathematical solution procedures. For example, $cmw
and Renkl (2007) provided principle-based prompais t
learners when they studied video examples of sound
scientific argumentation. Such prompts help deteenthe
argumentative structures and, thereby, the arguatient
skill. Whereas the Atkinson et al. and the Schwamu
Renkl studies analyzed example-based learning,ehl@nd
Koedinger (2002) showed that principle-based self-
explanation prompts also enhance learning by pnoble
solving (here: in the intelligent tutorial enviroemt
Cognitive Tutor). Further, there are numerous swmidi
affirming the positive effects of prompting prin@gbased
self-explanations (e.g., Berthold & Renkl, 2009;n@t &
VanLehn, 2000; Renkl, 1997; Schworm & Renkl, 2006).
The successful prompting procedures have, however,
significant disadvantages. First, when promptshia form
of external guidance are provided, there is no ajutae that
the learners do not fall back on rote learning wliea
prompts are not present anymore (cf. Wecker & Fgch
2011). Second, it is a substantial amount of worleririch

ideally be based on an understanding of the uriderly learning materials or environments with promptsniy not

domain principles (e.g., Chi & VanLehn, 2010; Gt

be practical to do so fall materials a learner may need, or

& Day, 2012; Renkl, 2002). Such a conceptual®ven to know what learning materials a learner megd in

underpinning facilitates the transfer of the acediskills to
new problems for which a modified solution procedbas
to be found. In addition, deep conceptual undedstanis
considered to facilitate further procedural leagnife.g.,
Rittle-Johnson, Siegler, & Alibali, 2001). In malgarning
situations, however, the learners acquire cognitkéls
without understanding the corresponding domaingiples.
Thus, a major goal of instruction is to facilitateaningful
learning that strives for a principle-based underding.
One way to induce a principle orientation for megfil
learning is to prompt learners for principle-basself-

the future. It would be far preferable if the leensiacquired
self-explanation skills that they can use for farttself-
regulated learning in new learning environments.

There are several tried-and-tested self-explanation
training interventions. However, they all have rietibns
with respect to fostering principle-based self-axgaitions
when learners study worked examples and solve g@mabl
in order to acquire cognitive skills. McNamara and
colleagues focus on reading strategies in theirf- sel
explanation training interventions SERT and iStart
(McNamara, 2004; Levinstein, Boonthum, PillariseBell,
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learning by examples and problem-solving. A resit of
other training interventions for self-explainingaexples and
problems that have been tested so far is thatehgyoyed
the same type of materials in the training phasenaa
subsequent learning phase (e.g., Bielaczyc, Rirdli

mathematics as an algorithmic exemplifying domain.
Afterwards the students learned from an exampledas
learning environment how to apply psychologicaltilatttion

theory in order to provide feedback that has fablera
motivational effects. This content domain was otght or

Brown, 1995). For example, Renkl, Stark, Gruberd an mentioned in the training intervention. Hence, wst tthe

Mandl
(compound) interest calculation in order to preghsm for
a later learning phase dealing with the same doniie

(1998) trained participants using examples ohypothesis

that the self-explanation training
mathematics problems and fables as materials hsitiveo
effects on learning about the provision of prodeti

self-explanation training of Wong, Lawson, and Kesv feedback on the basis of attribution theory.

(2002) focuses on geometry learning in all phases.

As control group, we did not use a non-treatmeougy

The expectation that the self-explanation strategieas these effects might be rather trivial. Insteeslcompared

addressed by these previous training will soleinsfer to
similar contents seems to be realistic becausesfgario
dissimilar contexts (e.g., different learning domas very
hard to achieve (e.g., Detterman 1993; GoldstonBa¥,

2012; Perkins, 2009). Nevertheless, some researfbend
some training effects that transfer over conterfsr

example, Chi and VanLehn (2010) had their learmeygk

in an intelligent tutoring environment called "Pyees"
(domain: probability) that demanded, among othergs, a
focus on domain principles. The learners were ptechpo
reason about the principles in order to determinegkt
values and they had to apply the principles toptablems
at hand. It was found that this principle orierdati
transferred when working in another intelligent otial

environment (i.e., "Andes"; domain:
physics); this was in particular true for learnersh less
prior knowledge. Note that there was not only agfer
across learning environments (Pyrenees to Andesgalsa
across learning domains (probability to physics).

the self-explanation intervention with a trainimgervention
on mnemonic strategies. Although the latter stiatemight
be useful for remembering facts, we hypothesized the
self-explanation intervention is more favorable fugh-
level learning goals (e.g., applying what has b&sarnt
about feedback to evaluating new feedback messages)

When testing the effects of a modified versionhaf short
training intervention by Busch et al. (2008), wiedrto keep
the training time short, that is, about half an s in the
original training intervention). Such a short tiagp
intervention is applicable within the usual clagsigds in
schools. In the self-explanation intervention, weptkthe
basic example of a fable in order to demonstragevttiue of
principle-based self-explanations. In addition, wsed

probability and mathematics examples in order to show how to sqifaén

while studying mathematics examples and while gglvi
mathematics problems. We saved some training time i
order to add mathematics contents by focusing orcipte-
based self-explanations and leaving out other typeself-

Whereas Chi and VanLehn (2010) found transfer of @&xplanations (e.g., goal-operation elaborationsit tivere

principle orientation acquired during physics leagn

part of the original training intervention. Nevestbss, we

Busch, Renkl, and Schworm (2008) developed a trgini had to shorten the treatment of self-explaininglefghbin

intervention with the "sole"
explanations. This short intervention (less tham.) was
conducted with the topic "fables." The learnersengnown

purpose to foster self order to keep the intervention time within the lisndf about

half an hour. A question that arose was whethetrdiring
intervention has still transfer effects to otherba areas,

that in order to determine that a short storyfistde one has even if the treatment of fables as verbal trainéxgmples

to self-explain whether some crucial
implemented in the story (e.g., animals as actbidden
message). This intervention showed considerablesfiea
effects to a rather distant topic: example-basegliaition
of scientific argumentation skills. Although thikast-term
training was surprisingly successful, it had a Bigant
restriction. Although there was transfer from fablo
scientific argumentation, it was “just" transfertieen
verbal domains. As the Busch et al. interventiod dot
refer to mathematical solution procedures, whiahtgpical

not only of mathematics but also of many scienck- su

domains, we did not expect transfer to the latmmains.
Hence, it is sensible to modify the Busch et ahining
intervention by including mathematical contents.

The Present Study

We trained high-school students providing
explanations in two domains. As in the study bydust al.
(2008) we used fables as “verbal” exemplifying domand

principles ever was substantially reduced. The unique contributibrihis

study is the evaluation of a self-explanation frain
intervention that is designed to have across-dortraimsfer
effects, that is,
"exemplifying" domains used during training.

M ethod

Participants and Design

We randomly assigned 58 female high-school students

(age:M = 16.52, SD = 0.71) to two conditions: training
intervention on principle-based self-explanations= 31)
and training intervention on mnemonic strategies=(87).

The participants were members of elective courses i

psychology from a "mono-educational” (i.e., justmide
students)Gymnasium(i.e., highest high-school track of the

self-German three-track system). The main dependenablari
was the learning outcomes in a learning environntleat
followed the different training interventions. Thisansfer
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environment was about attribution theory and itgliaption ~ Theorem. Hence, a first instance of inter-domaangfer
to providing productive feedback. The contents ttie  was practiced. In the second part, we supportethdur
students learned in this experiment were not direetated  transfer by presenting and practicing principledehself-
to their currently treated topics in their psyclpla@ourses. explanations when solving diverse mathematics prabl

However, they were (validly) informed that the tpfit the The training intervention on mnemonic strategies

overall learning goals of these courses. introduced and practiced three strategies: (a) ¢Jsiental
images; (b) "Eselsbriicken," which is a German temn{in

Instruments and M aterials many cases funny) phrases that interconnect twisit@.g.,

Short-term training environments. We comparecthe ~ Word in a foreign language and translation). (cnévhonic
transfer effectsof two training environments: Training of Sentences” similar to "My very educated mother fiested
principle-based ~ self-explanations  versus training oUs nine pickles" for the planets and their distartoethe sun
mnemonic strategies. They lasted about half an.t@oth ~ (note, however, that we used other mnemonic seegenc
training interventions were parallel in a numbeffastures. ~because this one does not work in German language).
They both introduced the fictitious character Samio had ~ Transfer environment. The transfer environment first
learning difficulties (see Figure 1). In both casasfriend introduced the concept of attribution and explairvetly
self-explanations or mnemonic strategies, respeigliv introduced the basics of Kelley's (1971) attribattbeory,
Both training modules presented the contents within that iS, the co-variation model. On this basise)iplained
dialogue between Sarah und her friend. During togram  how feedback should be given to students so timattinal
practice the respective strategies. Both modulegemith  in which the participants had to analyze feedback
a short summary of the training contents. statements. Finally, a summary was provided. Tlaenky

worked on average 7.10 miS[D = 2.02) in this module (no
significant difference between the conditions).
- ) — Posttest. The posttest assessing the transfer effects of the
self-explanation training consisted of 15 problefagerage
time: 23 min). In addition, the posttest booklekeas three
guestions that were to be answered on 5-pointga&tales
at the very beginning (I found the first progranefus; |
found the second program useful; in the secondrpmgd
applied the strategies that | have learned in thst f

The Fox and the Crow

o | (e prinise o spetic time and T program). After these questions, we presented ttblelgms
Cair, o1 o be jocation” can also be Toun ere. In . .
e e D s || thisstory, thee s no nformation assessing the learning outcomes.
ol Gl about when and where the even . .
Il | e by, fhe e Three problems asked what should be emphasized in
e B feedback in different circumstances. Six items dske the
woice, madam, I see. What you

s s . attribution theory principles behind exemplary feack
= messages (e.g., "In a dance clasdot of people struggle
with Tangd (the feedback message itself is printed in
italics). Solution: Such feedback suggests attidimst to
Figure 1: Screenshot from the training intervention  task difficulty and it should "prevent” internaltrétutions
module on principle-based self-explanations (ttatesl when having difficulties). Four items required wrg a
form German) short feedback statement for different circumstance
Finally, two items ask for identifying what is ptematic
The training intervention on principle-based self- with two suboptimal feedback statements. This sbalé a
explanationwas divided into two main modules, which good internal consistency (Cronbaah'sf .86).
explained and practiced principle-based self-exatians
when (a) studying an example and (b) solving a lerab  Procedure

The first example in the example-studying sectioasw  The students participated at experimental groupices
Aesop's fable "The fox and the crow.” We showed tha in a university computer laboratory (about 20 stisleper
fable is characterized by several principles oreulythg  session). The students worked individually in frafta
features (e.g., animals as actors, principle ofmmation,  computer. The different computers were randomlygassi
hidden message) and that the readers have tox@#f® a  to one of the two experimental conditions. Thesssisas
story in terms of above-mentioned underlying feasuin  |asted about 100 min. At first glance, this dunatie longer
order to identify the story as a fable (see FigireNext the  than to be expected from the average time of thglesi
learners  practiced  principle-based  self-explanation phases such as training intervention, transferrenmient,
supported by corresponding prompts, on a work sheeind posttest. Note, however, that the faster stadead to
presenting a worked example applying the Pythagoreawait for the slower ones before going on to thet pinase.
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After some welcome words, we informed the studdrds
they will learn about some learning strategies idirst
computer-based learning environment and that theyld
apply these strategies in a second computer-baseding
environment. Subsequently, students were askeil in &
short paper-pencil questionnaire on demographia @ate
page), previous school grade, and on
orientation (Dweck & Leggett, 1988). As the latwrale
neither predicted learning outcomes nor interaetéd the
different treatments we did not consider the sttglen
learning goal orientation in the following.

After completing the questionnaire the studentskedr
on the training intervention modules. Subsequentig
students learned about feedback and attributioaryhien a
second learning program. Finally, they took thetfess.

Results

A significance level of .05 was used for all anak/sWe
usedd as an effect-size measure with values between .
and .50 classified as small, values between .50.80icas
medium, and values > .80 as large (Cohen, 1988).

We did not find any significant differences betwebe
groups with respect to the grade point averagehenlast
report card or the experience with learning progrdboth
Fs < 1). Eight students said that they have nevardchthe
term attribution. Fifty students said that they dnalready
heard about this term but did not remember its nmgamo
student was able to explain what attribution meéngrall,
the student had hardly any prior knowledge.

The self-explanation condition scored descriptivabyher
on the posttest as compared to the mnemonics oamdi
= .55,SD = .23 vs.M = .48,SD = .21 Ms represent the
percentage scores as compared to the theoretmadigible
maximum). However, this difference did not reach ldwvel
of statistical significancet(56) = 1.08,p = .286,d = 0.32.
This relatively weak and statistically not signéit effect
could be due to the following factors: (a) The effef the
self-explanation training intervention interactshwliearning
prerequisites gptitude-treatment interaction explanatjpn
(b) some of the learners superficially scanned wickdy
read the training modules¢an and skim explanatijn(c)
the training module was too difficult at least feome
learners difficulty explanatioly (d) the learned self-
explanation strategies were not applied by somendgs in
the application environment on attribution and fesek
(production deficiency explanatinpn

(a) Aptitude-treatment interaction explanationhe most
important learning variable with respect to aptidud
treatment interaction is prior knowledge or achieeat
level (Kalyuga, 2007). The grade point averagendigator
of prior school achievement, was significantly tethto the
posttest = .37, p = .005). However, there was no
interaction between condition and grade point ayeraith
respect to the posttedt, < 1. Further exploratory analysis
with other learning prerequisites (e.g., grades

mathematics or German; experience with computeedas

learning program) did not indicate any aptitudextmeent

interaction. Hence, the aptitude-treatment intévact
explanation is likely not true.

(b) Scan and skim explanationlf the weak and
insignificant transfer effect was due to some leeshjust
scanning and skimming the training environment,rehe

should be a correlation between learning time aaihihg

learning goalutcomes. However, the learning time in the tranin

modules was not significantly related to learningcomes,
neither in the whole sample € .05,p = .699) nor in the
two sub-groups (self-explanation group= .11,p = .551;
mnemonic strategies group: = -.15, p = .455). In this
context, it should also be noted that the self-axation
group spend more time in the training modie= 29.87,
SD=6.70, than the mnemonic groly,= 24.07,SD= 6.89,
t(56) = 3.25,p < .002,d = 0.85. Overall, there is no
indication that some learners in the self-explamati
condition just quickly scanned the training moduwidiich
impeded their learning outcomes. Hence, the scdrskim
planation is likely not true.

(c) Difficulty explanation If the self-explanation training
intervention was too difficult for some learnetsette should
be a substantial number of errors in practice shibett were
included in the learning environment, and the numitlfe
errors in these practice sheets should predictdattansfer.
To test this explanation, we coded the quality bé t
students’ responses to the four interspersed woelets in
the self-explanation training module from 1 (congle
wrong) to 5 (correct, clear principle applicatioye found
a mean of 4.359D = 0.55), clearly indicating that the
training was not too difficult for the learners. &ddition,
there was no significant correlation between thekalveet
score and the posttest € .18, p = .180). Overall, the
difficulty explanation is likely not true.

(d) Production deficiency explanationVe asked the
participants to rate on a five-point scale whetlieey
applied the strategies learned in the first mod{delf-
explanation or mnemonics, respectively) in the sdco
module on attribution, as suggested by the expertienen
the beginning of the session. When adding thisgaith the
prediction of learning outcomes (predictors: caodit
rating, and condition by rating), we found a sigrEht
interaction effect between condition and reportedtsgy
application with respect to the posttdstl,54) = 9.72p =
.003. To better understand this interaction, wesmeined
the regression scores and their statistical siganifte in both
conditions. In the self-explanation condition, timere the
students reported that they applied the learnediesfies, the
better the posttest performantes 0.09,t(29) = 2.59,p =
.015. In the mnemonics condition, we did not find a
significant relation between self-reported strategy
application and posttest performance in the transfe
environment,3 = -0.07,t(25) = -1.89,p = .071. In accord
with a production deficiency explanation, thesediiiys
indicate that only part of the students applied lderned

foStrategies in the module on attribution and feeklbeaud,

thereby, profited with respect to learning outcomes

1208



In order to get an idea of how many non-applyingposttest, the learners rated how useful they fotimel

students were "responsible" for the insignificanterall
training effect, we conducted some post-hoc analyééen
we excluded the three students from the self-exgtian
condition who stated that they digbt at all apply the
strategies (i.e., choosing 1 on the 1 to 5 ratingles of
strategy application), there was still no significaffect of
condition on learning outcomes. However, when eketl
an additional nine students, namely, all studerite stated

strategy training module. The learners from thef-sel
explanation condition rated this module as rathssful (M
=4.03,SD=0.98 (5-point scale from 1, not at all, to S|yfu
agree). The perceived utility predicted to someemixt
whether the strategies applied (r = .36, p < 0.B®wever,
the perceived utility did not interact with the atment, in
contrast to the reported strategy application. Gbsly, the
(low) perceived usefulness was not a major causendo

that they didnot apply the strategies (i.e., choosing 2 on theapplying the strategies and for reduced trainirigots.

1 to 5 rating scale of strategy application), tloadition
effect gets to be statistically significant (setptanation
condition:N = 19;M = .63,SD = .22; mnemonics condition
(as already reportedN = 27; M = .48,SD = .21,t(44) =

How salient was it for the learners that they stapply
the learned strategies in the second learning emvient?
In the beginning of the experimental sessions,
experimenter informed the students that they shaploly

2.23,p = .031,d =.70). Hence, only when we consider thethe strategies to be learned in a first environmanthe

(roughly) two thirds of the students that were d¢oogd to
apply the strategies, we get a significant effecthe self-
explanation training intervention.

second computer-based learning environment. However
this prompt was not repeated (keep in mind thatthestion
of to what extend the strategies learned in the firogram

The preceding post-hoc analysis might be criticizedvere applied was posed after the transfer phaseg also
because we excluded only participants from the- selfthat in the beginning of the session, the studgus a

explanation condition and we, therefore, had ratliféerent
group sizes. If we also exclude the ten participdrdm the
mnemonic condition (i.e., roughly the lower thirthat
reported about low strategy application, we alsd go
significant group difference: self-explanation citiweh (as
already reported)N = 19; M = .63,SD = .22; mnemonics
condition:N = 17;M = .42,SD=.23,t(34) = 2.70p = .011,

d =.89). This finding again underlines that the self remembered when they began to work on the second

explanation treatment was successful in about hirdg of
the cases.

Discussion

We tested whether we could successfully implement

short-term training intervention on principle-basedlf-
explanations that has positive effects on learninga
subsequent learning environment. Unfortunately, god
only a weak and statistically insignificant effeatcording
to our post-hoc analyses, it is unlikely that thisak effect
was due to aptitude-treatment interactions withrliea pre-
requisites, a scan-and-skim behavior of some lesroe the
difficulty of the training intervention. Insteadnly part of
the students (about two thirds) was "convinced" thg
training intervention to apply the learned stragsgin a
subsequent learning environment. Students who expjtie
strategies profited from the training intervention.

Why did some learners not apply the self-explamatio

strategies? There are at least three possiblereatpas: (a)

These learners did not find the strategies in teH- s
explanation training useful; (b) it was not salienbugh, at
least for some learners, that they were expectegpty the

strategies that they have learned in the firstremment in

the second learning environment;
intervention was too short to fully change the stud'
habitual learning behavior.

variety of information and were confronted with rparew
"impressions," that is, they came to a new build{hg.,
Department of Psychology), they were introducedthe
computer room and the experimenter, they were mnéar
about various aspects of the study, etc. Thus,sfome
students, the instructions about strategy apptinathight
not have been very salient and they might not Hzeen

learning environment. It seems plausible that -egithe
short duration of the training intervention so thab
profound effect on habitual behavior can be exmketthe
students would need at least some form of "kick-pfébmpt
3t the start of the transfer learning environmergyply the
learned strategies to new contents.

As already argued, the short training duration reake
implausible that the students' habitual strategg wsas
changed. Against the background of the present
intervention's short duration and the correspondiagsfer
literature (e.g., Detterman 1993; Goldstone & D#312), it
can even be regarded as success that about tws tifithe
learners transferred the newly learned self-expiama
strategies across domains.

In this context, it should also be noted that weeha
replaced the verbal self-explanation training materof
Busch et al. (2008) to a large degree with mathigalat
examples. Given that Busch et al. found signifidaansfer
effects across two verbal domains, it can be tmeist
assumed that the "verbal part" was too much reduced
Hence, a sensible next step in improving the tngini
intervention would be to extend the verbal partgidy to
the length of the Busch et al. intervention. Thus,extend

() the trainingthe verbal part of our training intervention in exhstep on

our way to develop some type of "generic" self-axgption
training. We also intend to test transfer effecta o

The perceived usefulness argument can be evaligted Mathematical leaming environments.

further post-hoc analyses. After completing thernga
environment on attribution theory and before thegktthe

An alternative explanation for the positive tramiaffect
when looking at the two thirds of student reportstgategy
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application is that the mnemonic intervention segped at
least some students' tendency to self-explain speously.
Hence, further studies should also include a control
condition allowing for spontaneous self-explanagion

Overall, the present study and Busch et al. (20G8)
taken partly successful steps towards a self-exfilam
strategy training that has the potential to achiaeeoss-
domain transfer effects. Nevertheless, there isesfurther
research to be done (e.g., extending the interwentesting
transfer to mathematical contents). However, thailable
findings justify some optimism that we can step digp
come to a successful training approach.
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