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Abstract With increasing experience in a domain, reasoners
. . N develop knowledge structures that reflect the stinecof the
Reasoners can reduce the complexity of diagnostisaning

tasks by limiting the search for an observatiorplanation task. For example, a physician learns, .Wlth theeasing
to those candidate explanations that show the kighe Number of patients encountered, which symptoms are

consistency to previous observations. This strategght, associated with which diseases and how frequertéy t
however, impair the availability of explanationsybed that association occurs. This frequency of co-occurreixe
limited set of explanations. In two experiments, enh reflected in the reasoner's knowledge structure thg
reasoners needed to reconsider such excludedaitess for strength of association between symptoms and diseas
explaining inconsistent data in a well practicecgtiostic causing them (Kintsch, 1998; Thomas et al. 2008YeG

reasoning task, we found evidence that this isnegessarily

- o ; ¢ such an adapted knowledge structure, data extrdobeal
the case. By tracking the availability of differexplanations

: . the environment can serve as a cue for the retriefa
with a pro_be reaction task, we were furthermore ablshow i tic hvooth f | n
how availability seems to be regulated by automatic lagnostic hypo e§es rom long-term memory.
activation, rather than inhibition processes. Applying Kintsch’s (1998) construction integratitmeory
) ) ) ) to abductive reasoning, Baumann et al. (2007b)igeava
Keywords. abductive reasoning; hypothesis generation; mgdel of how implicit, automatic memory activation
inconsistent data; anomaly; automatic processeiyation; processes enable people to limit the search fosilples
inhibition . . .
explanations to those that are most plausible éncilirrent
. context. When observing a new symptom, explanations
Introduction highly associated with that symptom are activatemmf
Generating explanations for one or more observatiora  memory. If any further information is available de.
key component of many real-world tasks, such asicakd possible explanations for previous symptoms), ttvated
diagnosis, software debugging, scientific discoveapd  explanations are integrated with that informatiofa v
social attribution. This kind of reasoning is oftealled  spreading activation and inhibition. Integratioaves those
abductive reasoning and described as highly complegxplanations highest activated that show the highes
because of the amount of explanations possiblywae®  consistency to all encountered observations. Thtideast
for each observation (e.g. Bylander, Allemang, ®n&  on the first run, only those potential explanatioase
Josephson, 1991). One commonly proposed mechanism ¢onsidered, that turned out to be highly relevarthie past
reduce this complexity is to consider not all, lmly a  and that are also compatible to the current expbapa
subset of all possible explanations for an obs@&mat cgontext (see Thagard (1991) and Thomas et al. {208
(Johnson & Krems, 2001; Josephson & Josephson,; 1994imilar assumptions).
Thomas, Dougherty, Sprenger, & Harbison, 2008). Byt what happens if a later observation can beagxet
However, by adopting this strategy, reasoners nempie only by an explanation that was previously excludien
unaware of alternative, potentially better explaoma.  consideration due to this mechanism? We proposg tha
Encountering an observation that can only be adeoufor  provided high domain expertise, automatic activatio
by such an overlooked alternative would then regmesin  processes also moderate the availability of preslou
anomaly. excluded alternative explanations. The literatimayever,
Although several theoretical models related todoes not allow clear predictions about the natdr¢hese
abductive reasoning in general have been proposed ( activation processes.
Arocha & Patel, 1995; Johnson & Krems, 2001; Thdgar  First, one could assume that automatic processéide
1991; Thomas et al., 2008), only little researchswa switching between explanations. Depending on thestre
directed at how reasoners deal with anomalous 0f the domain knowledge, explanations in memory are
inconsistent data. Which cognitive processes althi8 interlinked. Thus, after observing a new symptom,
performance despite the limitations of human wogkin spreading activation should not only lead to thévation of
memory? Based on general complexity-reducingexplanations directly linked to the symptom, bigtoalo the
mechanisms postulated by previous research, waisBsc activation of other, related explanations. Therefoone
how automatic memory activation processes camould then assume that alternative explanationseasily

moderate the availability of alternative explanaio reconsidered, if they are related to consideredagsions
when an anomaly is encountered. in some way.



Alternatively, one could assume that after an exgian
is rejected and removed from consideration, it dvaly
inhibited to minimize interference. Such resulte aften
reported in discourse or text comprehension rebedfor
example, May, Zacks, Hasher, and Multhaup (1998)veld
that successfully reanalysing garden path sentehicggy
depends on people’s abilities to inhibit no
appropriate interpretations. Spreading inhibiticlmgesses
could then result in the inhibition not only of thejected
explanation, but of other, related explanationslloong
such an inhibition pattern, it should be diffictdt consider
an alternative hypothesis that is somehow relateithe to-
be-rejected hypotheses forming the current expi@amat

Experiment 1

Our aim in this experiment was to test whetherstnategy
of limiting the search for explanations to thoseinge
consistent with all previous observations indeegdirs the
availability of alternative explanations. Thereforeve
compared participants’ performance when diagnosin
explanations for either consistent or inconsistsets of
symptoms presented sequentially. During trials,tnaeked
the activation of different explanations with alpeaeaction
task to test the different assumptions about hoteraatic
memory activation processes moderate the avaikaloli
explanations.

Material and Predictions

Given the importance of domain knowledge and thighew
highly adapted retrieval structures regulating
knowledge’s availability, precise measurement of th
availability of different explanations requirestac control
of the domain knowledge and retrieval structures.allow
for this control, we used an artificial diagnosask, the
“chemical accident” task, rather than real worldktedge
(Baumann et al, 2007 a and b). In this task, gpgits are
presented with the symptoms of hypothetical pagiafier a
chemical accident and have to identify the chemithht

caused these symptoms. To be able to solve thig tas

participants first have to learn about the chersicald the
symptoms they cause. The knowledge base used s$n t
experiment consisted of nine chemicals that weoaiggd
into three hypothetical categories (Table 1).

Table 1: Domain knowledge participants had to aequi

before experiment 1 (original material in German).
Category Chemical Symptoms

cough, short breath, headache, eye inflammation
Landin cough, short breath, headache, itching

cough, eye inflammation, itching

skin irritation, redness, headache, eye inflammation
Amid skin irritation, redness, headache, itching

skin irritation, eye inflammation, itching
diarrhea, vomiting, headache, eye inflammation
diarrhea, vomiting, headache, itching

diarrhea, eye inflammation, itching
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Each chemical caused three or four symptoms th%
in one category (specifi

themselfes appeared either

symptoms, e.g. cough), or in all categories (un§ipec
symptoms, e.g. headache). This hierarchical streicivas
supposed to ease the learning of the material effetts the
hierarchical knowledge organization found in metica
diagnosis in simplified form (Arocha & Patel, 1995)

After acquiring the knowledge in a pre-experimental

longertraining session, participants solved various gridh each

trial, symptoms of one patient were presented Seplly
(each for 2 seconds with a 1 second ISl) before the
participant was asked for the chemical that caubede
symptoms. During trials, symptoms could appearegith a
strong form (indicated by bold letters) or in a wearm
(indicated by normal letters). Whereas strong symst
were always caused by a chemical, weak symptomksl cou
also be induced by other reasons (e.g. short brbgth
physical arousal). Due to this manipulation, weevable to
create inconsistent trials by inserting an additional
misleading weak symptom into the trial. Paralleleach
inconsistent trial, we creatembnsistent trials in which the
game weak symptom was presented but without being
misleading (see Figure 1 for exampfes)

/4/)&
Headache
consistent inflarlrzlﬁation Short breath | ©°U9" ®
trial (BWQGKP) ®) ®
’—_’/‘;—}1;7
i i i Itching
INCONSISteNt| inflamytion |Short breath | Diarhea o
trial (BWQGKP) ® (KP)

theFigure 1: Examples for a consistent and an inctersigrial

in Experiment 1. Letters in parentheses represesgiple
explanations for all symptoms presented up topghist.

In both types of trials, the initial (strong) syrapt was
linked to various explanations (BWQGKP in the ex&np
trials). The second (weak) symptom was consisteith w
only one of these explanations and thereby allovied
reducing the number of considered explanations (to
chemical B in the example). Symptom three (strongp
the critical symptom. It either continued to be sistent

h\{vith the previous explanations (in consistent siar it was

Inconsistent with this explanation (in inconsistaidls). To
solve inconsistent trials, participants needectdise that in
this case the weak symptom was not caused by aichlem
but by some other reason. Thus, the chemicalshthbeen
rejected due to this symptom needed to be recamsidend
some of them were able to explain the critical dhir
symptom (K and P in the example). The fourth (gjjon
symptom in both types of trials supported an exgtiamn
consistent with the third symptom.

Depending on how automatic activation or inhibition
processes influence performance in such a taskaangd
expect different levels of activation for the difet
explanations in inconsistent trials. For explanagithat are

! Presenting symptoms in weak form also in consisteals
ade sure that participants used these symptomgeterate
explanations in the same way as they used strangtsyns.



considered as relevant after the first and secgnaptom
but need to be rejected after observing the instesi third
symptom (ejected after 3 symptom), both assumptions
(activation and inhibition) would predict a decream
activation after the third symptom. This decreakeutd,

Results

Diagnosis performance in consistent and inconsistent
trials. In inconsistent trials, participants solved 88.6Pthe
trials correctly. Although this performance is ciolesably
high, it differs significantly from the performance

however, be more accentuated and even go belovin®se ., cistent trials that was 93.2¢21) = -2.65p = .015.

level if rejected explanations are inhibited. Frplanations
that were misleadingly rejected after the secordireeed to
bed reconsidered after the third symptamecénsidered after
3!‘
third symptom. If these explanations would ben&fim
their pre-activation by the current explanations tthecrease
should, however, be much more accentuated thaheif t
received inhibition from the rejected current exiton.

To test these assumptions we tracked the explasatio
activation with a probe reaction task. After one thé

symptoms in each trial, a probe was presented an

participants had to decide as fast as possiblehgh&tr not

this probe was the name of a chemical. Comparable 1

lexical decision tasks, one would expect the respdimes
for this decision to be the shorter, the higherilale a
chemical currently is as explanation in working nogyn
Analogous to neutral words in lexical decisionsksasve
used the names of chemicals that are irrelevant

Time cour se of hypotheses activation during inconsistent
trials. Figure 2 shows reaction times to targets probirgg th

symptom) one would expect increased activation after thgy, oo courses of explanations between the secoddthan

fourth symptom.
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explanations for the presented symptoms to assessigure 2: Reaction times to targets probing thevation of

explanations’ baseline activation.

Participants, Procedure, and Design

Twenty-two undergraduate students (14 female and
male; mean age 22.773D =3.57) from Chemnitz
University of Technology took part in this experiméhat
consisted of one session for training and two $eskions.
In the training session participants acquired tloenain
knowledge and practiced the chemical accident tagk
achieving a level of at least 80% correct trialfie Ttest
sessions each started with a practice block tesbfithe
knowledge and then participants solved 144 tesistri

different courses of explanations during inconsitsteals in
Experiment 1.

g After the second symptom, considered targets (solid
seemed to be responded to slightly faster thaneaghgly
rejected ones (dotted). After symptom 3, to-beeateje
(solid) and to-be-reconsidered (dotted) targetslpeed the
same reaction time. After symptom four, the posada
effect of switching between explanations becamébias
Reconsidered targets now highly increased in reacti
speed, whereas reaction speed for targets rejaftedthe
third symptom decreased. Interaction of these taarses

In each test session, one third of these trialsewerwas analyzed with a repeated measures ANOVA (Type o

inconsistent and one third wereconsistent as described
above. In consistent trials, we measured the duadiveof
hypotheses before the critical third symptom. Tdllewed
us to use
hypotheses’ activation after the inconsistency beca
apparent, and thus, keep the proportion of inctersigrials
as low as possible. The remaining third were filléals
with different symptom order, also consisting ofakeand

inconsistent trials exclusively to measur

target (ejected after 3 symptom andreconsidered after 3'
symptom) vs. symptoms before targe?,§, or 4)) and was
significant,F(2.94,61.69) = 3.3(y = .016,7= .18.

Targets labeled irrelevant were intended to be asore
for baseline activation of explanations. Howevegtad
revealed that reaction times for theses targetsididollow
the expected pattern. Reaction times being not balpw
those for rejected but also below those for relevargets

strong symptoms. Trials were presented in randainizeafter the second and third symptom indicate thaseh

order.
Probes were presented after one of the symptoreadh
trial and were to the same percentage either wrfjae

targets did not measure the baseline activatioinrelevant
explanations. A possible explanation can be foundhie
structure of the presented trials. Because allstiia this

names of the 9 chemicals — that were at point ofxperiment started with unspecific symptoms (eacket

measurement considered, rejected, or irrelevant
explanations), or distractors (9 different lettefid)e number
of symptoms before presentation of the probe abasgethe
type of probe were balanced across trials and pteddn
randomized order.

Dependent variables were accuracy of the finalribags
and reaction time of correct probe reactions.

de six out of the nine possible chemicals), it seem

reasonable that after the first symptom, partidpan
considered all chemicals as somehow relevant aritedva
for the second symptom to limit the number of cdased
explanations. Hence, irrelevant targets might nateh
tracked the activation of irrelevant explanatiobat rather
that of explanations rejected after the second symp



Discussion

As expected, participants solved less inconsisteats
correctly than consistent trials. Results of thebgr task
reveal that as predicted, after the critical thégmptom,
reconsidered explanations regained activation
explanations that had to be rejected lost actimatibhis
interaction did however not show up directly aftiee third
symptom, but only after the fourth symptom. Thaseems
that participants had some difficulty
previously rejected explanations directly after
inconsistency occurred, but could use additionalence to
solve that anomaly. These results match findingseshath
and Krems (1998) who reported that anomaly reswiuti

any!

reconsidering :
theSame category as the current explanation.

contrast easily explain results as reported by Klahd
Dunbar. If unconsidered explanations receive atitima
from the current explanation, the amount of reagive
activation should be the higher the closer explanatare
interlinked. Thus, switching between explanatiomsrf one
category should be easier than switching betwetarelnt
categories. To distinguish between these assungptioe
conducted a second experiment in which inconsigtéls
required participants to reconsider explanatiorsnfrthe

Experiment 2
The goal of the second experiment was to examine

was facilitated by an increasing amount of evidencaliagnosis performance and hypothesis activatiorenwthe

supporting the anomaly. Unfortunately, we failedassess
baseline activation in this experiment and theeefoannot
draw clear conclusions about the existence of itibib
processes. The small decrease of explanationsvagictn
after their rejection, however, suggests that afiemg
rejected, explanations’ activation simply decayheathan
being inhibited. The fact that participants finathanaged to
reconsider the previously rejected alternative irosm
inconsistent trials furthermore contradicts the ibitfon
assumption.

Concluding, although participants diagnosis perfomoe
was lower in inconsistent than in consistent trigthe still
high performance and the regained activation o¥iptesly
rejected alternatives indicates that limiting themtver of
explanations considered does not necessarily bthnal
reasoner to possible alternative explanations. Kewehe
results do not allow to decide clearly betweendtiterent

assumptions about the nature of activation prosesse

underlying this performance.

To be able to distinguish between these two altees
we designed an experiment where the proposed effdct
either mechanism should be even stronger. Accortiing
definition, spreading activation, as well as sphegd
inhibition processes should influence the activatevel of
other explanations the more the closer explanatiares

reasoner has to switch between explanations tleatnare
closely related to each other than explanationsewar
Experiment 1. For this purpose, we constructedstridnere
the reasoner had to switch from one explanatioantwther
within the same category. Figure 3 illustrates sactase.
The initial symptom of the presented trial (couglan be
caused by three chemicals from one category (BTWig
second symptom (vomiting) allows for limiting thember
of considered explanations to one chemical froms thi
category (T). In the consistent version of thd tsgmptoms
three and four confirm this chemical as explanationthe
inconsistent version, symptoms three and four eaiitt
this explanation and require the reasoner to switah
explanation from chemical T to chemical B from geme
category.

/%l;i
P Headache
consistent Cough Vomiting ltching ™
trial (BTW) (T) M
4
) ) Short Headache
inconsistent|  Cough Vomiting breath ®
trial (BTW) (T) ®

Figure 3: Examples for a consistent and an inctersisrial
in Experiment 2. Letters in parentheses represesgiple

related to each other. Considering the hierarchical explanations for all symptoms presented up tofiiat.

organization of knowledge in many domains, one etshet
determines explanations’ relatedness is whether ltbiong
to the same explanatory category or to differetegaries.

Baumann, Bocklisch, Mehlhorn, and Krems (2007a)

report that reasoners had more difficulties in sgv
anomalous trials when they required switching betwe
explanations within one category, than in solvingraalies
requiring switching to an explanation from a diffet
category. This result contradicts previous resuiis
anomaly resolution (e.g. Klahr & Dunbar, 1988)cdtuld,
however, possibly be explained by inhibition preess If
an explanation is rejected and removed from consiide
by inhibition processes, spreading inhibition colddd to
the inhibition of other, closely related explanato Thus,
when the reasoner needs to switch between expbasati
that are closely related, rejection of one explamnashould
reduce the availability of alternative explanatidram the
same category. Spreading activation processes ciould

Material and Predictions

For this experiment, we used the material of Experit 1,
with minor adaptations to allow for generating insistent
trials requiring a hypothesis change within catésgor
Predictions for hypothesis activation and partiniga
diagnosis performance were the same as in Experithen
but effects should be greater now.

Participants, Procedure, and Design

Twenty-three undergraduate students (13 female Hhd
male; mean age 24.043D =6.66) from Chemnitz
University of Technology, who had not participated
Experiment 1, took part in this experiment. Aftegairing
the domain knowledge and practicing the chemiceident
task in a pre-experimental training session, ttwymeted 4
experimental test sessions of 96 trials each.



In comparison to Experiment 1, the proportion o€lrea
type of trial was lowered to allow for using moikef trials.
Half of all trials were filler trials, 24 startingith specific
symptoms (linked to explanations from only one gatg)
and 24 starting with unspecific symptoms (linked to
explanations form various categories). This shdwdtp to

symptom. This interaction of the factors t(}/pe ofgt
(rejected after 3" symptom, reconsidered after 3" symptom,
or irrelevant) and symptoms before targe&t,3, or 4) was
significant, F(3.34,73.19) = 4.36p = .005, /2 = .17. We
furthermore observed a main effect for the faciget of
trial. After each symptom, irrelevant explanatigomeduced

avoid the problem that participants did not excludethe slowest reaction times;(2,44) = 28.88,p < .001,

irrelevant explanations from consideration aftee thirst
symptom as in Experiment 1. Half of all trials wetsst
trials, of which 24 werénconsistent and 24 wereonsistent
trials. Consistent trials again resembled incoaaststrials

until the second symptom but then ended without an

anomaly.

As in Experiment 1, diagnosis performance was nmeasu
by the accuracy of the final diagnoses and hypathes
activation was measured with the probe reactiork.tas
Important factors (type of trial, type of probe danumber

of symptoms presented before probe) were balanced a

randomized.

Results
Diagnosis performance in consistent and inconsistent

= 57.

Discussion

The high diagnosis accuracy for inconsistent trialghis
experiment shows that participants did not seenhaoe
difficulties switching between explanations withione
category. This conclusion is supported by the tesafl the
probe reaction task.

After the critical third symptom, reconsidered
explanations regained activation quickly. The fburt
symptom additionally supporting the reconsidered

explanation did not lead to a further increaseicitihg that
this additional support was not necessary to sdhe
anomaly. Thus, misleadingly rejected explanationsfthe

trials. When switching within categories was necessary tQqconsidered easily in this experiment - a resufipsrting

solve the contradiction in an inconsistent triartigipants

solved 96.1% of the consistent and 94.8% of the{hat of inhibition.

inconsistent trials correctly.

Time course of hypotheses activation during inconsistent

same category as the current explanation could be

the assumption of spreading activation and conttiagj
Explanations that had to be rejected after thécatithird

symptom did lose activation but stayed far above th

baseline level of irrelevant explanations. Referito

trials. Figure 4 shows reaction times to targets probimg th jiterature on text comprehension, we assumed tiibition

three courses of explanations between the secoddhen
fourth symptom.
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Figure 4: Reaction times to targets probing thé&vatibn of
different courses of explanations during inconsistgals in
Experiment 2.

As in Experiment 1,
misleadingly rejected explanations produced slightbwer
response times than considered explanations. After
critical third symptom, we now, however, observedtér
reaction times for to-be-reconsidered explanatiamsl
slower times for to-be-rejected explanations. Aftie
fourth symptom, reaction time differences betwekaese
two types of explanations remained, although repkct
explanations were responded to faster than afterthird

of explanations should result in an activation lelvelow
baseline. This assumption was not supported byesuits.
However, one still could argue that inhibition finsould
have to overcome the previous activation beforeimlyi
RTs above baseline, which might or might not occur.

Concluding, although results of this experiment rdi
completely contradict inhibition, they are more gatible
with an activation-only account.

Conclusions

A commonly proposed mechanism to reduce compléarity
abductive reasoning tasks is to consider not afiside
explanations for an observation but only those isterst
with previous observations. This strategy mightywéeer,
impair the reasoners awareness for alternativeaegpibns
that were thereby excluded from consideration. i this
assumption, we conducted two experiments where
participants needed to reconsider such excludednaltives

for explaining inconsistent data. In the experirsgnie

after the second symptomtracked the availability of explanations with a lpeaeaction

task to distinguish between two possibilities ofwho
automatic memory activation could moderate the
availability of such explanations.

In both experiments, participants showed a high
diagnostic performance also in inconsistent trialéis
suggests that in well practiced tasks reasonersnato
necessarily have difficulties reconsidering exptams that
they excluded from consideration before. When these



explanations stem from another category than threesti provide evidence that in well practiced tasks taffect
explanations (as in Experiment 1), this reconsii@ma might be due to automatic spreading activation gsees.
seems, however, more difficult than when the exgians

stem from the same category (as in Experiment 2). Acknowledgements
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