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Previous work has shown enhanced elemental encod Experiment: Learning the “Chain of Command Results
ing (Zeithamova, Schlichting & Preson, 2012) when _ _ o .
learners control the pacing, sequencing, and content of Goal: Learn about the “chain of com- Test accuracy: How does active control impact transitive inference performance:
study (Markant et al., 2016). It is less clear how such Ir;]::]ncilr,;ga:[crti\ellvlooﬁ(e)Ta%aeniisess;e%rc]:teeacljcprom ’ItV“IXcejd teffect? IOgiISI}iC regr?ssion v>/fas _us]:ed to rr)mdel test (etlccttjraf[:y ¥;/ith con;:_lition (active/gokgd),. inf_erten—
: : : : lal distance (recall/near inference/far inference), session (test/retest), operation span, and pairwise inter-
COTK?I IO_V?r ?c;fUd.}k/)IlmpalC:E_S thel Lntegrlagcn ot studied the hierarchy, followed by that person’s actions as predictors.
material into flexible, relational knowledge. i i _hi i _ _ _ _ o , ,
J direct supervisor (the next-highest item). - Active selection led to higher performance than passive selection in both the immediate test (OR =
: : : 1.31, 95% Cl = [1.13, 1.53]) and delayed retest (OR = 1.62 [1.34, 1.94]).
Elemental encoding Integrative encoding Each participant learns one hierarchy Rank
Learning associations for a Forming integrated, relational knowl- : : - - Accuracy increased with inferential distance in the active condition (OR = 1.08 [0.99, 1.19]) but not
set of independent pairs edge about studied materials through active selection (on each tria the passive condition (OR = 1.04 [0.95, 1.13]), replicating symbolic distance effect that is characteristic
choosing a person to learn their direct . . . - o T Elb
supervisor) and the other hierarchy of integrative encoding.
through passive selection (learning the - WMC (operation span) was posi- A Test accuracy
direct supervisor of a predetermined tively rglated to test accuracy n LovievthC LOFV{VeYZL\fC Hig?.evs\iMC Hig{hetvevsl\tﬂc
person). Participants are then tested on t:‘ijr'c;"ég cgnsmotnﬂgOR =1.97
their ability to identify the higher-ranked [1.44, 2.68]) but not the passive 0.9 -
person for every possible pairing condition (OR =1.08 [0.79, 1.47)) |3 M Condition
- Based on median split on WMC (Fig- % e + % —e— active
- e O | ... } .- S R ,
Learning phase (56 trials) Manipulating option sets to explore search pref- gﬁé)} gg’:lf‘cl)errizlr?gggrr‘nlgggt%igh e Q\é/ﬁ ‘LH + J{ _ % - o+ passive
P.ICk one person jco learn who is their erences Flurlng _actlve stuc‘:!y - “ WMC participants (test: OR = 1.97 0.6 — ¢Jr
direct supervisor: anh option set mc!uded a “near option” and “far [1.58, 2.44]; retest: OR = 3.48 [2.65, — T 1 — T 1 — T 1 — T 1
_ | option” based on distance from person selected on 4.56]) but worse performance P L E P FE P EE P EL
Active transitive inference: Does learner s choce) previous trial {randomly sampled) among low WMC participants (test: T T F T S
- . . OR = 0.80 [0.66, 0.97]; retest: OR = & ° & ° & ° & ®
control enhance integrative encoding? "far” from last selection 0.76 [0.60, 0.96)) Distance
This study examines the effects of active control of learning in transitive % Selections during active study: Can par- B C
inference (T1). In Tl tasks people learn relations between adjacent items Feedback ticipants’ choices account for the ad- Proportion of Selection RT
in an ordered hierarchy, followed by a test involving comparisons of the - ) vantage from active selection? near selections Selected far Selected near
relative rank of any two items. Tl is typically studied under passive +1 +2 - Distribution of item selection frequency 0.65 — .
trfainipg céoqditio?sdin which learners have no control over the sequence g f l [ ) o -1 did not differ between active and passive . oo - é .
OT palrs auring study. Passive selection conditions (x2(1,7) = 7.20, p = 0.41). & - ondition
ot " Teain: Tact (oredetermined choice) \ ) < \ ) Options on next trial “near” to last selection | (X 1.7) P ) o 0.55 s —e— active
lerarcny raining es 4 p - ) g N - During active study, participants pre- § -+ passive
recall _ ferred to choose (and were faster to 0T
O ©Oc< o < / - g = phol option ) select) the near option when it was ad- — T
ﬁ . . y - jacent to the item selected on the pre- L
< Q vious trial, particularly when it had ap- Distance of Distance of
< far option peared as feedback on the last trial; see near option near option
Q ek Q < iRIGEnEE (distance = +4) Figures B and C.
< Q ﬁ ? Q ) ’ - Selection of the distance = +1 near “Chained” study sequence Unchained study sequence
option leads to “chains” of overlappin
Tl can by achieved by multiple mechanisms: Elemental encoding-based pgirs during training that may facilitgtpe ing— | ] ]
strategies involve reactivating memories of studied pairs at test and Test phase (72 trials) tegrative encoding, and which were less e
reasoning across overlapping pairs (Kumaran & McClelland, 2012). Inte-  For each possible pairing of individu- dﬁica” tfia/1 Neg_f i"fefe'_w;s{fia/ Fa;_i';fefe"_cz fgia/ frequent in passive condition.
grative encgding—baseq strategies -involve the fqrmgtion of a unified als from the hierarchy, choose the p (distance = 1) . (distance = 2-3) ., (distance = 4-5) N - However, tendency to select near trial 2 4 . )
representation of the hierarchy during study, which is then used to person who is ranked higher. option V\;as not related to test perfor-
compare the position of items at test (Zeithamova & Preston, 2010). mance or WMC, indicating a general
. o o . . Test test trials vary in inferential dis- ? 2 2 preference that can’t account for advan- el 1 <
These mechanisms predict different relationships between inferential tance between individuals, from tage from active study.
distance and accuracy: Elemental encoding predicts that accuracy is recall of studied pairs (distance = 1),
highest for studied pairs but decreases as the distance between items near inference (distance = 2-3), to Summary
increases, whereas integrative encoding that distant inferences are far inference (distance = 4+). . _ . Test perf 1 the active (but not . dition | d with inferential dist bol
more accurate (symbolic distance effects; Acuna, Sanes, & Donoghue, Who is ranked higher in the company? - icec?!ise:/z é’;rg?fggl?) Igongi g’fe;\\fcevéitﬁ er;% aﬁiséz“ﬁec;rgtilvg)gr:gg::leiﬁzefrovr\g aé’gveelresglgctiéi ance (symbol-
2002). Integrative encoding is more likely when people are aware there _ ’ '
is a hierarchy to be learned and entails greater cognitive costs during Design and Procedure - Performance in the active (but not passiye) condition increased with higher WMC, replicating link be-
study (dependence on working memory; Libben & Titone, 2008). - Within subjects manipulation of study condition (active vs. passive selection) tween WMC and Tl (Fales et al., 2003; Libben & Titone, 2008). Among higher WMG participants,
active selection led to sustained improvement over passive selection after a 1-week delay.
: - Following Tl task, participants completed operation span task to measure working memor . . . . . .
?ugstlonst. _— . o oh o - capacityg(WI\/IC) P P P P P J y - During active study, people naturally select “chained” sequences of overlapping pairs, generating
. UOES active control, througn whnich peoplie choose their own training training sequences previously shown to improve Tl (Halford, 1984; Waltz et al., 2004); but this selec-
sequence, lead to more efficient learning in TI7? - N=100 participants completed first session (with immediate tests after each study phase); tion preference on its own doesn’t account for advantage from active study.
. | - N=62 participants returned a week later for the second session (retest . . . . .. o .
2.1s 3ny adv.a?taget.f rom actg/_e C,? ntrol due to enhanced elemental en P P ( ) - Active selection only benefited higher WMC participants, who may have capitalized on chained se-
coding or integrative encoding: . , quences that facilitate integrative encoding (e.g., because they were more likely to maintain informa-
3.1s any advantage from gc’uve control dependent on participants References tion from previous trials). Advantages from active control for relational learning may thus hinge on
working memory capacity (WMC)? Falen, G. L. Knowton, B. . Holyoak, K., Gosehaie, D H, Swardlof, B 5. and Goneal, | 6. 3009, Working memory and relationsi reasoning in Kiinefeter syncome. Journalof th Iternatonsl Neuropsychologial Socity (61839546 cognitive resources needed to maintain and integrate information across study episodes.
4. Are the effects of active control accounted for by changes in training ;;S(M’cc(f()afg"mggmmfpcfgmmmg i)pp(Tpm Peychological eview, 119(31573
sequences generated by participants? B e B e torsgraionad vt oo n Ahlmers disase Nuropsyehob, 1521295
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