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The effects of wasan. trur- .1 knowledge organization were studied
by (1) formulating ex- ici- -zmes's of organtzation, (2) ting enzensive
treatnents to induce =u.blecto acquire smaci fied organizations, and
(3) testing subjects' swbseqmeer pertarmavce on recall am probien-solving
tasks. In particular, v specfied 2 pres<riptive model 2 hieramchical
organization, designed —-aciitate sele cive {nformat; - retrieval,
constructed by succassive “hilrations of ¥ few top-Tever ~ meas most
inportant for a specrtie. ' < mmn, [ - experimst:  wbjects with
such a hierarchical wgoant=—iai. cerfrrpe. ameeciably tet e compared to
subjects with a s = .a¢ orgmtmatisn of e same kee ldegro, s
wpected, subjects i ovicfrme better un nmse tack invelying infor-
Aation included at miamar 1. el 3f the subl: ™' interns. Tierarcheeal
Janization, In geerc supi-vie i ragher awl ity 54 better bl
+tassindlate and exelic ooz wgamzztion, Weres observstions
,rynﬂﬁnﬂnd that our tratmie .. cod; were quite offective v inducing 2

' ed internal kni .’ ¢ trqanization,



INTRODUCEION

Theoretical considerations and empirical data both suggeest that the
organization of a person's knowledge affects cruclally hirs or wer abflity
to use such knowledge effectively. Accordingly, the sty deseribed-in
this papew was specifically designed to investigate forms of mmen know-
ledge orgunization that facilitate the recall of informatfon o~ its use
for reali:tically complex problem-solving tasks.

A swdy of this kind 15 clearly relavant to basic esearcn on human
information processing. Moreover, because of fts emphasss on information-
processimg models designed to improws human performance, such work 1s also
directly gesware to practical {nstrwction.

Qur wore deals with complex knowiedye and tasks representative of
practical =i tional or scientific coneerns Previous studles of certain
organizatiewal aspects of human knowledwe hawe been described by Kintsch
and Keenan {19781, Meyer (1975), Ausube {1988), Shavelsen (1972, 1974),
Hayer and Gy ‘1972), Postman {1972)..1ad others.

The bamsc presupposition of our wek fs that the observable and
diverse ineimcren] performance of perwmes can be explatned economically
in terms of pesturated properties of the ™nternal knowledge" inside &
person‘s minc.  This theoretical stance lwads one to fornulate models of
specific forms of fmternal knowledge, fnclmding prescriptive models de-
$1gned to enhance human performance on ce=2in intellectual tasks. Con-
trolled experiments and detailed observations are then used to test
particular features of these models and to suggest revisions in them.

In the followmy pages we first discuss the theoretical construct
of human “internal kmwledge” and then describe a model specifying a

hlerarchical knowlesne organization expeeted to facilitate complex

Q

{.
information-retrieval tasks, Mext we point out some research questions
suggested by the model and propose an experimental approach for studying
these questions. Then we report on three specific experiments designed
(1) to exanine the effectiveness of such a hierarchical knowledge organi-
zation compared to 3 single-level organization, (2) to study the appro-
priate matching of a hierarchical organization to the Intended task
domin, and (3) to assess the efficacy of our experinental methods for
inducing human subjects to acquire specified forms of internal knowledge
organization, Finally, we discuss some {mplications of this work for
research on hunan Information processing and for practical educational

applications.

BASIC ISSUES AND METHODS

A person's "internal knowledge" 1s a theoretiral construct usefu)
to the extent that 1t allows oie to relate and predict a wide range of
directly observable phenomena, Conversely, the properties of such inter.
nal knowledge are ultimately deduced from mutually consistent fnferences
derived from observable phenoména. |

The postulated Internal knowledge of a person can be characterdzed
by the content of 1ts information, by its organization, and by its sym-
boldc representation. In addition, the internal knoxledge includes pro-
cedures for acting on the preceding information (e.q., procedures for
retrieving data efficiently fron a given organization of {nformation, or
procedures for raorganzing information into more useful forms). As men-
toned previously, our study focusss its attention specifically on the

organization of such internal knowledge,



5.

By using the thearetical c"alr. ¢4 internal knowledge, a person's

Information-processing behavitr cam bé amivzed ineo three subprocesses:
(1) Input processes whereby osmervhile  1ummmtion gutside the person 1s
transformed into internal knowes#¥. () Internal processes (not directly
observable) whereby such intem! knowlede may be further transformed.
(3) Dutput processes shereby ™y intersi) cuwfiemge 5 transfomed fnto
the person's behavier observahde + ' uzside world. (These input and
Qutput processes are ssually 1. - yd semmsamtial, while the postulated
internal kiowledge is some conp’  wlcidimemsionai structure. )

There are then two analyt |, senamenle questions which can be
asked about internal knowledge ' ~rgamzation) and directly ob-
servable processes: (1) Waat iy ebe relattam between input processes
and the resulting organizaticr of favtermal bnowledge? (2) What is the
relatfon between the orgamiza®. f imernal knowledge and the resulting
output processes?

In the present study we are pHmgr! interested in the second (or .

"output”) question. In other wirg . g contral aim is to study the

effects of given foms of n. wiédge organization on the perfor-
mance of various recall and g ving tasks. Thus we are only
secondarily interested in fn- M processes whereby a given
nternal knowledge organizath 1"Vl aoquired,

The preceding emphasts he< 1 i1t i decomposing a complex
problem into two distinct quest s & ich Way be studied separately in
greater detat], Furthermore o stuty of useful fnternal knowledge
organizations should facilit. ‘equent efforts to study or promote the

acquisition of practicallyu e of internal knowledge organization.

#nieve our gw f seudying the effects .- 3 given nternal

=aoWletge erganizati- - e adopted the following appeoach: (1) Formulate
ane wodelk. of fmeenz  wowledge organization, Including a prescripzive
aede] desmed t: fan: ate ontinally human performance on certaln zasks.
| Lreate comtrot”eq qagperinental conditions to asswre that a human sub-
teact zuquiressz e Ined internal knowledge organizazion, (3) Perfom

« verinental “tests 2 ou.are bow well such a subfecs performs on varsous
a3,

By choos 19 vis seanxeilative approach, we hoped to gain the aowan-
bange of stidylmg i thuide faatures of a mode) under controlled condi-
s, fir e re w ° nped that the preseriptive aspects of this
apoenach wowld' yle-s c.aas and procedures of potentia] relevance to
eac. tlonsi 3 Moo,

The dectidl inossmnstation of such a manipulative approach (somewhat
akem to wari w artifictdl intellgence) s clearly more difficult in the
a=xof 3wkt Inforiatton processor than of a computer, In particular,
ft =5 fnpesitbie to ma.., ulate or observe directly human internal know-
Tabme:  Furtbermere, & ocus on internal organization requires one to
sepwanate o offects fram those of other aspects of internal know! edge,
e shall desitibe ater the specific experimental me:hods whereby we Somght

10 wininize “te.z 4IFf-cuities,

HIERARCHICAL TASK-ADAPTED KNOLEDGE ORGANIZATION

f 2 serson s to use a substantial amount of internal knowledge ror
eiiaming lexibly a variety of tasks, this knowledge must be effectively

o= 2ed t3 facilitate the selective retrieval of any particular {nformatwon
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ilence 1t Fs of interst' 1 Yormulate a prescrrative mde] explicitly de-
signed to facilitate wame matrieval,

An efficient retrmei pracess can be awhieved by using a "top-down"
procedure of successiee ==FHnaments to narrme-the domain of search in
Geonetrically progresswe fashion. This 15 mecomplished by decomposing
the retrieval process *wearchic]ly into suc -essive steps each of which
involves decisions abae: canly a Few major atmematives, in such a way that
decisions at earlfer stwe: faciHtate more dmsss bed decisions at later
steps.

Evidence from sevem:! domafns suggests e utility of a hierarchical
organization for informetion-processing tasks. Such evidence comes from
psychological studies on Merarchigal organization and recall (Kintsch
b Keenan, 1972; Keyer, 1975), from work in arsifictal inte)ligence
(Sacerdot!, 1977), fram studies on human probler solving in physics
(Larkin, 1978; Larkin § Reif, 1979), and from recent developments in con-
puter programing (Hughes & Michton, 1977).

The previous considerations led us to formulate the folluing speci-l
Hic features of a prescriptive model of human knowledge organization

designed to facilitate selective information retrievai:m

(1) Werarchical structure: The knowiedge fs subdivided fnto knox-

Tedge units related in such & way that a few information items ‘n any unft
are elahorated by further description through "subordinate” knowledge
units. The result of such successive elaborations 1s a nulti-level de-
scription hierarchically organized fn tue faghion 111ustrated in Fg. 1,
Explicit croys-references or "pointers” help to ¥ink subordinate unfts to
superordinate ones. In addftion, there are some pointers providing con-

nections to help retrieve information “laterally" (1.e., not merely along

superordinate-subordinate connections), (2
O

A LEVEL
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{2) Adaptation to task domain: To adapt the preceding hierarchical

knowledge organization to the domain of tasks for which this knowledge

is to be used, superordinate knowledge units incorporate information more
“important” for the task domain than subordinate units., (The information
ranked as most important is that which is most frequently used for tasks
in the domain, or which 15 most useful for retrieving other information
most frequently used.) In this way, the total number of steps in a top-
down retrieval process can usually be kept small.

(3) Adaptation to human capabilities: The knowledge organization

of Fig. 1 is adapted to the limited processing and short-term memory
capacities of human subjects, Hence the amount of information in each
knowledge unit 1s kept small enough to be easily processed, but large
enough to keep the total number of knowledge units small, Furthermore,
each knowledge unit 15 only elaborated into a few (<5) subordinate units
(so that only very few alternatives need be considered at any decision
step of a retrieval process).

Theoretically we expect that knowledge organized in the hierarchical
task-adapted fashion just described, when used in conjunction with a top-
Jown retrieval procédufe. should facilitate efficient flexible performance
of nany tasks. In particular, we expect that recall of {nformation should
be faciTitated because high-level information in a few superordinate know-
ledge units facilitates the ret.feval of more extensive detailed {nform-
thon in subordinate knowledge units. We also expect that various problen-
solving tasks should be facilitated. For example, finding a mistake
("debugging") should be facilitated because ane can more easily isolate
one of the few superordinate knowledge units affected by a mistake,and can

then trace down successively to find the specific locus of the mistake.

Q

9,
Similarly, a task of modification or generalization should be facil{tated

because one can quickly fdentify which superordinate knowledge units are
affected or Teft invardant, and can then readily make more detailed modi-

fications in the affected unit.

RESEARCH QUESTIONS AND EXPERIMENTAL APPROACH
QUESTIONS FOR INVESTIGATION

The preceding theoretical mode] suggests the following speci fic
questions for experimental 1nvestigation:

(1) How effective 1s an internal hierarchical knowledge organiza-
tion (of the kind described in the preceding paragraphs) for facilitating
perforviance on varous recall and problem-solving tasks? In particular,
we shall try to answer experimentally the following questions: (a) Is a
hferarchical organization more effective than a single-level organization?
(b) Is a hierarchical organization indeed mwre useful for those tasks
which match information fn 1ts higher Tevels, than for those tasks wiich
match Information at its lower Jevels?

&)HweﬂnﬂnwcmomIMMemmanuutonwhea
specified form of internal knowledge? In particular, we shall try to
mmmwmmwmummMmmmmmm
a desired fom of nternal knowledge organization? (b) What evidence
tan be provided to ascertain the nature of such an internal organization?

This second major question is important because our method for

studying the effects of internal knowledge organization is predicated on

. meuwmuthtwcmimMeawuﬂhdwanNmiann

NWMMMsMWm.memmeMummwmymowpm
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reveal to what extent 1t {s possible, for either research or educational

purposes, tu deliberately influence a person's internal knowledge.

EXPERIMENTAL APPROACH

The following sections describe three specific experiments designed
to answer jointly the preceding questions. Experiment 1 addresses pri-
marily question la about the comparative effectiveness of a hierarchical
and 4 single-Tevel organization. Experiment 2 addresses primarily ques-
ton 1b about the importance of appropriately matching a hierarchical
organization to the Intended task domain. Both of these experiments also
yleld some {nfomat{on about question 2 concerning the acquisition of in-
terna] organization. However, experiment 3 15 especially designed to
explore this Tatter question.

To carry out these experiments, 1t was necessary to devise methods
whici can overcare or minimize the following difficulties nvolved in
studying hunan internal knowledge,

(1) 1t is impossible to manipulate directly internal knowledge

ar fts organization. To minimize this difficulty in the face of possible
previously existing internal knowledge, we used “strong” frput treatments
which maximally structured the acquisition process to assure that a sub-
Ject acquire information in a spectfied form. This was done by using in-
fornation unfamiMar to the subject, by carefully controlling the form

of th

the Information presented o the subjact, by engdging the sublect in

special processing tasks designed to reenforce the acquisition of a speci-

fled form of knowledge, and by 1miting opportunities for {nternal reor-

ganization of this acquired knowledge,

11

) )
(2) It fs fmossible to observe directly whether a particular in-

ternal knowledge organization exists or has been acquired. To minimize

this difficulty, we monitored the subject's performance on sone spectal
tasks which collectively allowed inferences about the nature of the sub-
Ject's Internal knowledge organization. This monitoring included (a) some
"acquisition tasks" given during the fnstruction to assure that the de-
sired organization was being incorporated; (b) observations of some
qualitatiée differences in performance on the final testing tasks; and

(c) detailed analysis of some subjects' reccl] protocols.

{3) for purposes of our study, the effects of internal organiza-

ton nust be separated from those of other aspects of internal knowledge.

To achieve this aim, the content and synbolic representation of the know-
ledge acquired by subjects was kept constant throughout an experinent,
Furthermore, the experiments tried to assure that subjects use their
internal knowledge with a particular retrieval process. This was done
by presenting the input information in a way exhibiting such a process,
and by monitoring indirectly whether subjects themselves actually used

this process.

The preceding considerations were embodied in an experimental pro-
cedure which {nvolved the following main steps: (1) Choose a particular
knowledge domain and a particular set of recall and problem-solving tasks
to which this knowledge 1s appl e, (2) Specify aiternative organizations
of this knowledge {including a hierarchical organization according to the
prescriptive model). B)meﬂmmimMpmmMMsmaswemﬂ
different subjects acquire the specified alternative forms of internal
knowledge organization. (4} Test the performance af the subjects on a

conmon set of tasks.

Bt
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DESIGN . . -
— 'g 21 l e c‘ rs 21
To achieve such a conparison, the experiment used treatments whereby I.g 91 I.g 91 18 9
| 12801 5801 1fpe,
subjects would acquire either a hierarchical or a single-level organiza- 15 g ; I 158 ; | 158 ; )
g O+ -

0
tion. The particular design involved three groups of subjects who were :8 é} {g gj' {g ;-:
exposed to the three treatments fllustrated in Fig. 2, The "H-treatment" T 1‘ L.;

o ak ok ab
presented a hierarchical organization of some knowiedge; ihe Sy - iredi-. u zﬁ WeEn mz -~
. * Ju JuPl e
ment" presented a single-level organization of the same knowledge; and E%E :t;? '&'g r
oe| [Foe| |F33
the “S, - treatment" presented this single-level organization twice in o Wy= Wy =
t p Ag 0g 0q
succession. (This last treatment was merely used to compare a single 7)) ]\ ) n
presentation,of an essentially two-level herarchical organization,with E {5 %.: .
two presentations of a single-level organization.) Each treatment in- lIEJ | E% 2?! | 8
15 8& 1
volved appropriately organized materials,as well as acquisition tasks |<-[ i § + .g | g
, o
designed to assure the incorporation of the specified organization, After W L- T' J ;V
these various treatments, all subjects were given the same performance E 2 :
L o
test. S ?_] -
x 3
The subjects participating In the experiment were 36 pald volunteers gl (]
recruited among students in an introductory college-level physics course, 0
These subjects were subdivided into three blocks of different ability ;
. Z~ & 2,
(gh, medium, and Tow) determined by the subjects' performance on a 60"‘ 60= 60~
€Fs| [Ekv ]
prior physics test In thefr course. The subjects in each ability block ;S 4 Fz'g.? Eg 3
were then randonly assigned to three groups which were then randomly ~0 o~ 0
assigned to the three treatments, Thus each treatment included 12 subjects, 4\—
- !
* &5 ~1ch abiTity level, T () 1)) 15

-

Design of experiment 1 comparing the effects of hierarchical

and single-ievel knowledge organizations (H anc S).

Fig. 2:
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Knowledge domain and tasks

The knowledge selected for this experiment consisted of an arqunent
using given premises to derive a desired result. The argument, taken
from the field of physics, was typical of sinflar arquments comonly en-
ccuntered 1n other college-level science courses. It fnvolved a deriva-
tion using physics principles and algebraic operations to express a de-
sired quantity in terms of measurable quantities.

A knowledge of this kind of argument can be used to carry out
various recall and problen-solving tasks. Such tasks were then included

in the performance test described later,

Aternative organizations and materials

The arqument was organized in a hierarchical or single-level form,
each described in a written version of materfals, In the hierarchical
or it-verston, the argument was organized hierarchically at several levels.
The first or highest Tevel consisted mainly of a statement describing the
purpose of the argument and the quantities to be related by it. The
second level provided an overview expressing the argument {n terms of
four major steps (e.g., "find the gravitational acceleration g from the
mmummwmmmmmmmmmh%m%.mmwkm
cmﬂMoHMmmunmmm@m%wmmmohsmmmﬁ
detailed mathematical steps,
Several means were used to make the hierarchical ctructure explieit
mmmmmmhmmmmmMmmmmm
.presentation traversed the hferarchy systematically in a top-down fashion

WMMMHMMHLHmmmmmmwamMMW
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graphical alds such as titles and suititles, indentations, etc, It ex-
plicitly pointed out what parts of the argwment were elaborations of
steps encountered at higher levels. And it made connections between
Tevels apparent by using titles referring back to the preceding higher
level.

The S-version of the maierials, designed to approxinate a single-
Tevel organization of the argunent, differed from the H-version by onft-
ting the second “overview" Tevel, while retaining the third level (with
the same wording, but without the interspersed titles connecting this

Tevel back to the higher second Tevel), The top first level was also

sion was dostoned to simulate closely a gond
conventiona) class-room presentation which states the basic qoal of an
arqument and then launches directly into a logically tight detailed

argument, i

Treatrents

The treatments using the preceding materials are iltustrated i
Fg. 2. (Each of these freatments lasted about an hour.) 1In the .
H-treatment, the subjects first read levels 1 and 2 of the presentation.
Then they performed some *high-level® written acquisition tasks designed
to assure the acquisition of fnformation at Tevels 1 and 2. (These tasks
asked subjects questions about the purpose of the argment, about major
steps needed 1n the argument, or about the function of some of these
major steps.) Then subjects read through Tevel 3 of the arqunent.
Finally, they performed some "low-level® ..-itten acquisition tisks de-
signed to assure that a subject had the "local® knowledge necessary to

interpret every individual detailed step of the arqument (e.g., to apply

1
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such a ctep to specific nunerical examples).

lnmeﬁiwumm.mewaBrmdme&WNMnmwaMtMn
MmmmmmMWMMWMHmmMMmHNMM%
treatment, the subjects read the S-version twice before doing these
low-level acquisition tasks.

After doing either the high or Tow-level acquisition tasks, the
subjects were glven the correct answers and were then asked to redo any
questions which they had falled to answer correctly, This procedure was
repeated until the subjects could answer all quastions correctly. Thus
the acquisition tasks served to monitor that specified aspects of the
knowledna had, in fact, hoon aceimilated,

To minimize chances of fnternal reorganization of acqhired know] edge,
subjects were not allowed to take any notes, were allowed to read through

the versions only the prescribed number of tines, and were not given any

excess tine beyond that required for such reading.

Performance tests

After a subject had completed the preceding treatment, he or she
relinquished the instructional matertals and was given a test consisting
of several perfornance tasks. These tasks were given in an order likely
to minfmize undesivable interaction between tasks (e.g., recall tasks
were given before problen-solving tasks that might cue such recall).

Five of the tasks tested were "complex" in the sense that each of
MMmmﬂmmManﬁmNManmmtﬁm
tasks were thus expected to be facilitated by the hierarchical organi za-
mMmMmmMMRMHWMMMMWMmmume

the argunent.) These tasks included free recall {reproducing the entire

Q
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arquient unaided); cued recall (e.y., given a certain part of the
arqunent, what fs the next step In the arqunent?); "debugging" (e.g.,
diagnosing the effects of a mistake 1n a similar argunent); and two modi-
ficatiﬁn tasks (carrying out a stmilar argment with changed prenses).

A few other tasks were “local”, 1.e., they relded only on {nforma-
tion about individual detalled steps of the argunent (and involved thus
questions stmilar to those used In the low-Tevel acquisition tasks).

Finally, sone additional test tasks, described later, were designed

to probe the subjects' {nternal knowledge organization,

nEeim Te

ILJUL 1
—PrE——

Perfornance on "complex" and "local” tasks

Fig. 3 shows, for each of the three treatments, the mean scores of
the subjects on each of the five “complex” tasks described above. Con-
sistently, subjects in the H-treatment performed better than subjects
MW%MMMLWNWMMMHWMMWMMWM
sMuBmmHFWMMLmemwmnAMRMumﬂlmw
tasks can be conbined into a conposite score for conplex tasks. The
mean value of this score, averaged for each treatnent, is also shown in
Fig. 3. A two-way amlysis of vartance (treatnent x ability), perfomed

on the composite scores for complex tasks, shows statistically signifi-

cant Pffﬂffc of tha thraa Mﬂ'cmpu t?ﬁﬁtumnn i' 2 ; 10

06,
p < 0.001] as well 15 of the subjects' three diffarent ability levels
[F(2,27) = 8,57, p<0.5i). Hore specifically, a-priori one-tail t-tests,
conparing pairs of treatments on these scores, show that subjects fn the
HﬂnmmwﬁmMsmwmmwﬁmrmmemmﬁQth

anuinme%dmnmm|t=LW.M=2Lp<0£H,mdmn

19
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subjects in the Sz-treatment performed significantly better than subjects

MEAN SCORE (percent) In the -treatnent [t = 1.9, df = 27, p < 0,05),
0 20 40 60 80 100 Fig. 3 also shows the mean composite scores on all the “local”
——— 1 | ! L} 1
COMPLEX (8 I . tasks. The application of t-tests indicates that these scomes do mot

frae i differ significently between the different treatments.

The preceding results thus confim the expectation that a hier-

archical organization should facilitate performance on complex tasks

i i
cued recall S . Involving apprectable information retrieval, but not on tasks which are

merely local.

modification{])
Evidence about internal knowledge organization
hs previously mentioned, the ast three test tasks wore Intended
modification (2) to provide some evidence about the nature of the subjects' internal
knowledge organization. Two of these tasks probed for the existence of
debugging high-level information. (One of these tasks asked subjects to use only

3 few statesents to sumarize the argument. The other task asked them

to order a scrambled 1ist of such swmary statements into a sequential

ALL COMPLEX TASK

description of the argument,) If the S, and S2 subjects did indeed
composite score £ |

ALL LOCAL TASKS

acquive an nternal knowledge structure which is merely locally comnec-

ted, they would be expected to have difficulty with these tasks. This

composile score [ was actually the case. Thus the H subjects were consistently found to

Y perform better than the S2 subjects, who were better than the Sl subjects.
B — — In the last test task, all subjects were given a high-level over-
D S; i 52 —R view of the argument (the same overview as that contained in the fi-version)
(n=12)  (n=l)  {n=12) and vere then asked to derive the complete detailed argument. Nearly all
Flg. 3: Scores on varous Lest tasks performed by subjects recelving § p subjects could perform this task, with about 903 perfect performance for
52' and H treatnents in experinent l.‘ (5.0, = standard deviation.) all subjects frrespective of treatment. This result contrasts strikingly

[ et B
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with the widely differing perfornances exhibited by differently treated
subjects in the prior free-recall task where subjects had to recall
the arquwent unaided (see Fig. 3). The fact that tha mere provision of

an external high-level description fnproved the performance of the S]

and S2 subjects so markedly suggests that the {nternal knowledge organiza-

tion of these subjects lacked such a high-level description.

(ualitative differences in the performance on the various recall
tasks provided additional evidence about internal knowledge organization,
An intemal knowledge organization which s merely locally connected
would be expected to result in the recall of only detailed steps of the
arquent. On the other hand, a herarchical organization would be expec-
ted to result in the spontaneous recall of some higher-level information

which would, in turn, facilitate the recall of greater amounts of de-

talled information. In fact, fn the "cued-recall task (cued by the ques-

tlon "what 1 the next step fn the arqunent® after a given step) all 12 4
subjects answered the question, and 7 of them responded with a sequence
Mﬂmwmmedwmumm&WWWNJWS%

subjects and 8 52 subjects respanded to this question, and all of them

gave as an answer an fmediate consecutive step of the arqunent. Further-

more, of those subjects who recalled the first step of the argument in
the “free-recall" task, most H subjects (9 out of 11) could complete the

arquient; but very few of the S1 subjects {1 out of 8) or of the 52 sub-

jects (3 out of 10) could complate it

Individua) differences

As already mentimed, a two-way analysis of varfance on the compo-

ﬂ&smmshrmewmkxnwsmMMasMMHQMeHmtw<00U
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of subjects' ability, as measured by performance in a physics class.
Flg. 4 exhibits these individual differences in greater detail, Compari-
son of the treatment groups, by Scheffe's method of a-posteriori contrasts,
ylelds the following results for the tec’ scores on complex tasks: Among
the high-ability subjects, there was no significant difference between
the mean scores of the H and 52 subjectsy but the conbined mean score of
these subjects was significantly higher (p < 0.01) than the mean score of
the S1 subjects. Anong the medium-abil{ity subjects, there was no signifi-
cant difference between the mean scores of the S1 and 52 subjects; but
the mean score of the H subjects was stgnificantly higher (p < 0.01) than
tMWMmmmMW%M%WM&WmeMm
subjects, there was no significant difference between any of the mean
SCores,

These results suggest the following possible {nterpretation, The
fact that the low-abilty K subfects did not perform better than S] or
52 subjects may Indicate that they either did not acquire the hierarchical
organization, or did not have the ability to use 1t effectively, Similar-
Iy, the fact that two readings of the single-level organtzation were quite
useful for high-ability 52 subjects, but not for low or mediun-ability
S2 subjects, may indicate that the high-ability S2 subjects possessed
skills for effectively reorganizing Information and exploited these
skills in the second reading.

The praceding racults ara concistent with those obtained by Mever
(1978) who found that higher-ability subjects are better at acquiring
the organization of {nput {nformation, and are also better able to recall

and use such informat fon,

2J



MEAN SCORE (percent

_ 20 40 60 80 100
COMPLEX TAsks | " | " T T T 77177

high abillty

composile scores (

medium ability %

low abilily

LOCAL TASKS
high abillty

e s
S i

medium abillty e

low ability

Fig. 4: Scores of sublects of different ability on test tasks in

experiment 1. (Score differences less than about 25 percent are statis.

tically not significant,)
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EIPERIEHT 2

The primary goal of experiment 2 was to assecs the {mportance of
properly adapting a hierarchical internal knowledge organization to a
desived set of tasks. Accordingly, the experiment compared the ralative
effectiveness of two hierarchical organizations which contalned the same
knowledge, but were adapted to different tasks.

In addition, the experinent sought to examine more closely the ac-
quisition of internal knowledge organization. It also compared the effec-
tveness of two different treatnents for inducing a specified internal

' organization,

DESIGN

Ne chose a knowledge domain and specified two distinct types of
tasks (type “2" and type "b"). We then constructed two hierarchical
organizations of the same knowledge units: organization A adapted to the
tasks of type a, and organization B adapted to the tasks of type b, (Thus
organization A included 1n 1ts high Tevels information most important for
tasks of type 3, and in its lower levels information most important for
tasks of type b, The reverse was true for organization B.} By means of
treatments of the kind indicated in Flg, 5, subjects were trained to
internalize one of these alternative organizations. After two weeks (3
time deemed Tong enough for subjects to forget superficial features of
the mde of presentation], the subjecis were then iesied uir butl iypes
of tasks (2 and b,

Each treatment included some written materfals, either A or B
version, presenting the knowledge In the corresponding organization. The

treatwent included also several acquisition tasks designed to assure the
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2,
incorporation of the desired organization. In the "strong" treatments
AS and Bs, the acquisition tasks were extensive (similar to those in
experinent 1), To assess the adequacy of less extensive acquisition
tasks used with the same materials, the experiment included also two
mwmmm%m%mmmwmmmmmmmM
two factors, 1.e., different input versions (A and B) and different ac-
quisition tasks {strong and weak).

The subjects (20 students enrolled in an advanced high-school
physics class) were assigned to five blocks of different ability (four
subfects per block) on the basis of their grades in the physics class.
The subjects fn each block were then randomly assigned to the four dif- "

ferent treatments.

[l

Knowledge domain and tasks

To provide realistically conplex knowledge unfamiliar to the sub-
Jects, the knowledge used 1n the experiment described a fictitious uni-
vmwMmeMMaMﬂmwMMMmmwmmm.m
knowledge thus included fictitious experimental observations, fictitious
theoretical models explaining these observations, and a fictitious
history of the developnent of theoretical concepts and experinental
observations,

The tasks for which this knowledge can be used consist of recall
and problen-solving tasks which are efther of type a ("deductive”) Ar of
type b ("historical®). Such tasks were included fn a performance test

described later,
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Alternative organizations and materials

The preceding fictitious knowledge was organized in two alternative
hierarchical ways. Each organization included the same knowledge units,
but the relationships between these units was different. These units
included "deductive" information about the assumptions and predictions
of the most comprehensive physical model, and "historical” information
about varfous perlods of theoretical or experimental progress. In organi-
zation A, adapted to the "deductive” or "a" tasks, the deductive informa-
tion was placed in the higher levels of the hierarchy, while historical -
information was p!* °d In the Tower levels of the hierarchy. Conversely,
in organization B .dapted to the "historical” or *b" tasks, the assign-
ment of information to levels was reversed.

To convey the hierarchical organization, each of the A or B versions
of the materfals presented the information by systematically traversing
the respective hierarchy top-down from higher to lower levels. In addi-
tion, the versions emphasized the hierarchical organization by using
titles at varfous Tevels, overviews, boxes surrounding important {nforma-

tion, organizational charts, and other aids.

Treatnents
Each of the treatments, 11lustrated in Fig. 5, lasted about

90 minutes. Each subject read the previously described versions (either

A or B) and performed various acquisltion tasks. In the strong treat-

ments As and Bs' the following procedure was used: (1) After reading each

of the four sections of the written version, the subject had to answer

questions about the factual content of that section and to mark on an

organizational chart the items that had been discussed in that section.

Q
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(2) After reading the entire written version, the subject performed the
following two acquisition tasks: (a) A "content" task which asked ques-
tions about various facts presented in the entire version, and which
again asked the subject to mark his or her answers on an organizational
chart. (b) An "organization” task in which the subject, when glven in-
dividual information 1tems in random order, was asked to arrange them
fnan organizational chart (1ke that previously presented in the instruc-
tional materfals).

After each of the preceding acquisition tasks, the subject was given
correct written answers and then had to repeat those tasks which were
fnadequately completed. This procedure was repeated until the subject

could perform al1 the acquisition tasks correctly.

[In the weak treatments Aw and Bw' the interspersed acquisition
MMWNMMM.anMMMMMWMWHmmmm
acquisition tasks, the subject was merely asked to write a summary of what
he had read (with instructions to structure the sumary so that about flve

major 1deas should be elaborated fn tum).]

Performance tests ,

At the end of the treatment, the subjects were Lold to return two
weeks Tater to engage in swillar activities, When the subjects returned,
they were actually given & test (lasting about 90 minutes) consisting of
various tasks performed 1n the following order: (1) A "free.recall”
task in which the subject was asked to write a sumary of the information
he had read. (This sumary was to be structured in the form of about five
major 1deas which were then to be successively elaborated). (2) Several

"clied-recall" tasks in which the subject was asked specific questions

29
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requiring him or her to recall particular deductive or historical facts.
{3) Some problen-soiving tasks which required the subject to make some
inferences on the basis of given facts. These probles-solving tasks were
both "deductive” (e.g., asking the subject to generalize the given
theoretical model of nuclear particles to a slightly more compliex situa-
tion) and "historical" (e.g., asking the subject how a change in the
sequence of experimental discoverdes would have affected the formulation

of new theoretical concepts).

RESULTS

Adapiation of organization to tasks

for each subject, a composite score was computed for all cued-
recall and also for all problem-solving tasks of type a (deductive) and
of type b (historical), Flg. 6 shows the means of these scores for
subjects 1n the A and B treatments (both strong and weak), As predicted,
subjects with the A organization performed consistently better on tasks
of type a, while subjects with the B organization performed consistently
better un tasks of type b, {Indeed, the fndividual scores on any one
cued-recall or problem-solving task exhibit the same consistent pattern.)

The observed differences can be exhibited more clearly by con-
sidering for each subject a "difference score" (:a - Cblwhere Ca is the
canposite score for all a tasks and G, 15 the conpostte score for ali
b tasks. Fig. 6 also shows the means of these difference scores. An
analysls of vartance {nput version x acquisition tasks, blocked by
§ levels of ability) shows that this difference score depends signifi-
cantly on the input version A or B (F(1,12) = 6,45, p < 0,03], but not

significantly on either the nature of the acquisition tasks used in the

-5
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Fg, 6 Hean scores n experinent 2, on tasks of type a or b, obtained
by subJects with knowledge organizations A or B, (The scores Ca and Cb

are composite scores on 411 tasks, of type a or b respectively,)
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strong or weak treatments, nor on the subjects' abi}itfes.

The sumaries resulting fron the free-recall tasks can be analysed
{in the fashion cescribed fn the:next section) to obtain scores indicating
the proportion o knowledge units recalled at every level of a postulated
organfzation, The data consistently indicate that {nformation at the
higher Tevels was recalled better than {nfomation at the Tower levels.
They also show the expected di fferential effects of acquired organfzation
on the abiTity to recall Information of different types. for example,
among subjects acquiring the A organization with deductive information
at fts higher Tevels, the recall score was 503 for the first or highest
Tevel, 50% for the Secon level, 27% for the third Tevel, and about 59
for the lowest level including historical information. (Indeed, only
3 out of 10 subjects mentioned historieal fnfomation at all,) Sinflarly,
anong subjects acquiring the B organization with historical information at
its higher Jevels, the recall score was 653 for the first or highest
Tevel, 474 for the second Tevel, and 44 for the third Tevel tontaining
predominantly deductive information,

In concluston, even with our small number of subjects, the observed
differences 1n perfomance are consistent and large enough to fndicate
the importance of appropriately adapting a hierarchical organization to
the intended tasks. Thus no hlerarchical organfzation 1s universally
superior for all tasks. (Indeed, as shown in Fig. 6, the overall per-
formance of subjects with A or B organizations 15 about equally good on

the coubined set of tasks of type  and b.)

-16-
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Acquisition of organization

The free-recall sumaries written by subjects two woeks after the
treatment were used to make some Inferences about their acquired internal
knowledge organization. To do this, each summary was interpreted as
belng a systematic 1inear traversal of some undeflying internal knowledge
organization, The analysis consisted then of trying to nap this observed
1inear sequence upon the particular organization presumably acquired by
the subject in the prior treatment (the A organization for a subject fn
the As or A" treatments, or the B organization for a subject in the B,

or B treatments). To implenent this analysis, we sequentially numbered

 the statements 1n a subject's sumary, and then attached these numbers to

the organizatfonal structure preswmably acquired by the subject, These
sequential numbers indicated then 2 retrieval path within the sub-
Ject's hypothesized organization.

Host of the observed paths were indeed consistent with a subject's
systematic traversal, top-down and in depth, of the particular organiza-
ton supposedly acquired in the prior treatment, Fig, 7 summarizes the
data conpactly by indicating,on a simplified A (deductive) organization,
the "average retrieval path” of al) 10 subjects who had read the A ver-
sitn in their treatnent. (This average path was obtained by averaging
the numbers indicating the serlal positions of the knowledge units re-
called by the fndividual subjects.) The retrieval paths can also be
described in greater detal by specifying the observed deviations of the
paths from a top-down path. (This can be done by simply computing the
proportion of subardinate units re:alled before their superordinate’ units. )
Among the 10 subjects who had read the A version, 9 had no such devia-
tons, and 1 had 25% such deviations. Among the subjects who had read the

33



Fig, I A sinpli‘ied A organization with nusbers showing the average

retrieval path of the ten As and Aw subjects.
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B version, 6 had no such deviations, 1 had 33% deviations, | had 251
deviations, 1 conpletely reorganized the information into the A organi-
2ation, and 1 conpletely misinterpreted the information.(3)

The preceding results indicate that our treatnent methods were
Quite effective in inducing subjects to incorporate the presented organi-
zation.  These results are consistent with sone previous work by
Shavelson (1973) whase experinents showed a good correspondence betwees
the organization of fnstructional materdals (“content structures) and
the resulting organization of well-internalized knowledge ("cognitive

structures").,

Effects of different acquisition tasks

The overall performance of subjects in the “strong” treatments wa
stgnificantly better than that of subjects in the “weak” treatnents, In
particular, a two-way analysis of variance (input version x acquisition
tmmmmmnmmmﬁmummummwmgmgmm
showed explicitly that the different acquisition tasks had significant
effects [F(1,12) = 5.9, p < 0.0),

These results indfcate that appropriate acquisition tasks are in-
portant for assuring that a particular knowledge organization is inter-
mm¢mwummmmmmmmmnmmmmm
ton tasks explicating the organization through 2 visual representation
mMmMMmeMHMMHMMMMMmmmmwm
@ well-structured sumary. This performance difference existed despite
the fact that all subjects had studied the same well-organized written

materfals and had devoted equal tine to acquiring the organization.

3
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EPERIAENT 3
The purpose of experfment 3 was to study in greater detai] the
process kherehy an internal organization is acquired. This experiment
used the same materdals as those of experiment 2. The acquisition tasks
were also similar, but with some {mportant modifications, Thus the
experiment dealt with subjects individually to carry out the acquisition
process under more controlled conditions. Furthermore, the final per-
formance of indfvidual subjects was observed more unobtrusively and was

then subjected to more detailed analysis,

HETHOD

The A and B treatments used in this experinent were Sinilar to the
WW%MQWWWMMWMZHnMiHMmd
the same materials and were designed to have subjects acquire either the
A (deductive) or B (historical) organization. However each treatmeht,
Tasting about 90 minutes, vas carrled out with Individual subjects.
Corresponaingly, one could monitor more closely that each subject read
the materfals and carrfed out the acquisition tasks in the prescribed
sequence, and could also provide subjects with oral corrective feedback

on thelr acquisition tasks,

After the treatment, each subject was told o come back after two weeks

to engage In similar activities. When the subject returned, he (or she)
was asked to tell orally everything he could remember about what he had
Tearned in the first session, (This "free-recall® task, unlike that in
experiment 2, was conpletely unstructured and did not provide the subject
with any Instructions about the mamner of retrieving the information.)

The subject's recall was then tape-recorded and subsequently transcribed

Q

.
into the form of a protacol.

The elght subjects participating in this experiment were patd volun-
teers obtained anang students In an introductory college-level physics
course. These subjects were matched Into pairs of comparable abflity on
the basls of their prior performance in their physics course. The two

menhers of each pair were then randomly assigned to the two treatments,

eSS

The oral-recall protocols were analyzed In a manner sinflar to that
used for analyzing the recall sumaries in experinent 2. The analysis
of each subject's protocol led thus to a retrieval path within the sub-
Ject's presumed internal knowledge organization. The detailed analysis
and sove case studles are described in Eylon (1979). Here we only
sumiarize the major results without detailing the evidence:

(1) The internal knowTedge organization, Inferred from the proto-
cols, corresponded well to the organization presented in each subject's
treatment. Indeed, six out of the efght protocols could be mapped into
a systematic top-down retrieval path within the appropriate fnput
organization,

(2) Subjects recalled the infornation in different orders. Thus, of
the subjects using tup-down retrieval, some traversed the hierarchical
organization In breadth, same in depth, and some used a conbination of
both procedures, This varlety of traversals indicates that suhjects did
1ot merely recall the {nformation in the sequence in which 1t was orlginal-
wmmmmmmmmwmmmememmemmw
subsequently traversed according to their own preference. Thus the under-

Tying knowledge organization 15 more fundamental than the sequential

a



pracedure of presenting or using this knowledge,

(3) Irigher Tevels of the hierarchical organization were usually
recalled better than lower levels. For example, in the deductive
organization, the average proportion of knowledge units recalled was 633
from the first or highest level, 45% from the second level, and 9% from
the third level, Similarly, in the historical organization, the average
proportion recalled was 75% from the first level, 363 from the second
Tevel, and 433 from the third Tevel. (When subjects were prompted to
provide nore infomation, they added mostly information from the Jower
Tevels, )

(4) The retrieval paths of two subjects could not be napped upon
the organization of their treatment, These subjects recalled very Tittle
Information and also did not seem to exhibit any appreciable organiza-
tion of their underlying knowledge. These two subjects were also the two
subjects of lowest ability (as determined by performance in their physics
class). This correlation of performance with ability was also more
generally apparent, Thus the four subjects of highest ability recalled
on the average about 57% of all the knowledge units, while the four
subjects of Towest ability recalled on the average only about 28 of all

these knowledge units.

]
MAIN CONCLUSIONS
This study formulated a particular prescriptive model of a useful
nternal knowledge organization and tested selected aspects of this

made] under controlled experinental conditions. The main conclusions

%)
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energing from this work are the following:
(1) An internal knowledge organization, which describes informa-
ton herarchically at several levels and 15 appropriately adapted to
the Intended task domain, can appreciably enhance a person's performance

on recall and problesm-solving tasks. Performance 15 facilitated most for

+ tasks utilizing information 2t the highest levels of the hierarchical

organization,

(2) By using sufficiently controlled experinental conditions, it
{5 possible to induce 2 person to acquire a specified form of internal
knowledge organization, Neaker experinental conditions are partially
effective, (However, our experiments did not seek to determine optimally
efficient procedures for promoting the acquisition of given forms of
internal knowledge.)

(3) The persons studied i our experinents exhibited individusl
differences on task performance, differences which correlated positively
with prior performance in a physics course. Experdments 2 and 3 suggest
that some of these differences were due to differing abilities to acquire
3 given herarchical knowledge organization; experiment 1 suggests that
soe of these differences were also due to differing abilities to ve-

organize acquired information,

Ve

The work discussed in this paper has also some impl{cations beyond
the preceding specific findings, From the point of view of research on
hunan 1nformation processing, the work points out the interest of studying
the effects of knowledge organization on varlous problen-solving tasks

mmMMmmmhmmmmmemmm
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methods for inducing specified forms of internal knowledge and for gb-
taining evidence about the nature of such knowledge.

From a broader perspective, the work 11ustrates the utility of an
approach which strives to formulate prescriptive information-processing
modéls for enhancing human performance. The effectiveness of such
models can then be studded in experinents where human subjects are
mHMmmw1MthoutMamMMMemmﬂmmmu.[meﬂnms
MmmemeMmmmmemMSmemMun
be useful for vesearch purposes since 1t allows one to study selected
ammﬁamdMNMHMMMmmmmmmmwfmm-
more, the approach can be usefully extended to design nstruction by
conbining el 1-valddated prescriptive nodels of hunan perfornance w!fh
- specific instructional models,

From the pofnt of view of practical education, our work indicates
that the organization of the knowledge acquired by @ student, and not
Just 1ts content, 15 of cructa] inportance fn determining the student's
abi1ity to use this knowledge effectively, Pragmatic nstructional ef-
forts Eould thus benefit significantly by paying more attention to the
organization of knowledge to be taught. Qur work Indicates specifically
tMaMmmmﬂNWMMMMMmemeanmMMW
mmﬁmhrMHMHmmwmemﬂmMmmenﬂameh
mare, our work suggests how usefully~organized knowledge can be taught by
suitably Structured teaching materials (e.9., containing explicit indica-
tlons of hierarchical multi-level organization, explicit connections
between levels of description, systemtic order of traversal of the
hlerarchy) and by carefully designed teaching methods (e.g., ustng active

Student processing for incorporating organizational aspects).(d)

Q
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3.
LINLTATIONS AND EXTENSIONS

Several aspects of the model of hierarchical knowledge organization
MWMMwMMMMWWWMMWMMWMumm.W
example, can one specify an optinum anount of information per knowledge
unit? Or how might different levels of description profit by using
appropriately different symbolic representations?

It would also be of interest to extend qur prescriptive approach
to study the effectiveness of a hierarchical knowledge organizatiqn for
larger and more complex knowledge domains (e.g., for the solution of
problems 1n physics).

We dealt with the acquisition process merely to assure that a
wmmMmmmeumwmm¢mmm
input process by which a person acquires various foms of fnternal know-
k@thmemmmHm.mmmmmmaMW
sequential {nput process (such as reading prose) efficieﬁtly convey the
information necessary ‘o construct 3 complex mul ti-dinensional structure
of internal knowledge? Such a question might also usefully be studied by
fomulating prescriptive theoretical nodels of such an acquisition process
(e.q., nodels spectfying optimal mappings of a hierarchical organization
mm”mmWMmWHmMMmMmmmmanmm
features of such mdels could then again be studied under well-controlled
condftions where the acquisition process 15 known to occur in a manner
specifled by the model. - Studies of this kind wuld also be directly

relevant to practical’ instruction which is obviously interested in de-

signing procedures for pronoting the efficient acquisition of internal
knowledge.

{1
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3.
Finally, our work Teads naturally to some more far-reaching ques- FOTHOTES

tions. How do individuals acquire the important cognitive skill of (1) A fuller discussion of this mods, and of i experinents described
reorganizing information into more efficlent foms? And, given our in this paper, can be found 1n an unpublished thesis by Eylon (1979),
evidence about the effectiveness of a hierarchical organization, how Sone coples of this thesis can be obtained, at cost, from the author.,
could one teach students the skil) of independently organizing informa- (2) The structure in Fig. 1 is thus a network or qraph, rather than a
tion into such a useful hierarchical fom? Such questions deal with an simple tree, It may also be useful to charactertze the knowledge
interesting cognitive processing skill,and are also directly gernane to units in Fig. 1 by distinct levels of importance (so that retrieval
the central educational aim of making persons better independent learners. can be pursued only down to a particular Tevel). Then it {5 ad-

missible that elaboration of two knowledge units at the same level
' (such as C and D in Fig. 1) may Tead to knowledge units at different
levels of {mportance,

(3) Throughout experiment 2, subjects performed relatively worse on
historical tasks and seened to incorporate the historical organi za-
tlon Tess well. One possible reason may be the prior mental set
whereby subjects, used to studying physics, are inclined to ignore
historical Information,

(4) Indeed, the uti1fty of such fdeas has been successfully exploited
n the design and implementation of practical physics laboratory
instruction (Retf and St. John, 1979),
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