University of Causal Learning With Delays Up to 21 Hours
. Pittsbur gh Yiwen Zhang  Benjamin M. Rottman, Ph.D.

° Dela-ys be.twe.en CaU.SGS and effects gre commonly foynd IN CaUS.eTeffeCt « Subsequent .studies showed that Iearn_ing with delays arg possible. For Causal Strength (After Trial 8) Causal Strength (After Trial 16) * For ease of interpretation, we inverse coded the judgments for the
relafuonshlps In real life. There are §t|II open debates in the theorlzmg of example, aplmggs4are capable of learning assocnathns with food-related T T T T T T T T negative datasets so that they are positive.
the Impact of. the dela_y on learning in the fields of causal, reinforcement, or fegrful §t|mgll 4, and humgn are capable6 of learning delayed causal o | . % o 1 % | | » Participants' judgments were above zero for all six measures and for all
and associative learning. - | | relationship with an assumption of delays®>®. | | “ i . - a4 * 4 conditions, which provides evidence that participants were able to
* Initially it was bellgyed that_learnlng IS worse V\.llj[h Ionge.r mterv_als | * Previous studies have only investigated delays on the order of seconds. T i i) ' v L > learn the contingency between the cause and effect in every
between the conditioned stimulus and unconditioned stimulus in animal In the current study we tested whether people can learn a cause-effect 0517 = I T B 0.5- I I I I condition.
conditioning’ and human causal learning?. relation with hour long delays. E I I : > : -
0.01 ¥ s 0.07 T » We conducted an ANOVA for each dependent measure. If learning
o g, h .| : I y becomes weaker with longer delays, there should be a main effect of
METHODS R I 3 k s 70T | . I delay. The only measure that found an effect of delay was the trial-
Design ° | ° 1 | | ° by-trial prediction strength measure.
* 4 temporal delay conditions of roughly 0, 3, 9, or 21 hours between the ~1.0- . . . . ~1.0- . ] . .
2 x 4 between-subject design; trial by trial learning; one trial per day. cause and effect within each trial. 0'hour 3 hours 9 hours 21 hours O'hour 3 hours 9 hours 21 hours + We conducted linear regressions to test for an effect of the actual delay
Hour of the Day on a 24 Hour Clock Future Prediction Strength Future Use Strength that a participant experienced. The delay is coded in terms of hours.
. ] 8 10 12 14 16 18 20 22 24 ... 8 10 12 . . . .
. 2 types of datasets: positive correlation dataset [A=6, B=2, C=2, D=6; Key: Similar to the ANOVA results, we only found a main effect of delay in the
AP = +0.5]; negative correlation dataset [A=2, B=6, C=6, D=2; AP = - Ohr| |C 3 E C Cause Task 1.04 - y o : 1.04  te o *. . trial by trial prediction strength measure.
7 Jv ¥ a < " "L 5 d
0.5] E Effect Task k2 : ] A ji ' ANOVA R i
054 =& L - 054 - ; ¥ . 2 egression
Outcome c 3 hr CL_/E v Actual time of I} E I Z I O E I F p BF B p BF
Present Absent 2 2-7 hrs. later participation 004 & i & 0.04 s . L Causal Strength (After Trial 8)
- Present | A B £ I = - | . {. | | o ) | Delay 0.620 +4 -0.003
S O [ I : ; . ° Dataset 3.977 * -0.101
Absent C D _0 5 - : o _0 5 - . . :
v Mr & before 24:00 0-5 : 0-5 1. o ) i) Delay:Dataset ~ 1.125 T -0.004 T
° . ° ° ° Causal Strength (After Trial 16
21 hr C E 104 | 1 0- | gth ( )
AP = P(outcomel|cause) — P(outcome|~cause) v 16-24 hrs. later _—» | | | | | | | | Delay 0.183 Tt -0.002 T
A C O hour 3 hours 9 hours 21 hours O hour 3 hours 9 hours 21 hours Dataset 14172  *** ok kK .0.241 * % *
= ——= — - - ot Delay:Dataset  0.272 1 0.000 1
A+B C+D C Frequency Strength Trial by Trial Prediction Strength
ause Task Effect Task
* %% * k% * %% * k% * %% * %% * %% * %% Frequency Strength
Procedure a N (1 oeyserte N ol | . 1 Delay 2.238 -0.006
> ' : oog ' Dataset 1.651 -0.117
. . . pay S ot 1o 3 Ng o } I ™ 1 T Delay:Dataset  0.462 +1 0.007
« 202 participants completed the 16-day learning study on their 0.5 i 1 N 0.5 - E I t » Future Use Strength
smartphone. o < I k] = £ E [y Delay 0.853 1 -0.003 i
0.0~ Ky “r ¥ Y 0.0+ ¥ v 1 Dataset 12.565  *** kAE -0.293 *
« Each day, participants received reminders to do a cause task in which oot Del . 3 . . = Delay:Dataset  0.358 +4 0.004 i
they learned whether the cause is present or absent, a certain time elays _0.5+ o ° [ < |_05- o . o Future Prediction Strength
later, they received reminders to do an effect task in which they [ | o Delay 0.759 T+ -0.004
learned whether the effect is present or not. e oy ot 16 _1.0- _1.0- Dataset 14749  *x%  xkxk 0261 @ *H¥ *
_ o _ | . Ohour 3hours 9 hours 21 hours Ohour 3hours 9 hours 21 hours D?Iay:Datzf]set (.)‘5.70 IT 0.005 I
 On the day after Trial 16, participants completed a causal judgment 4 Trial by Trial Prediction Strength
task. Delay 4.284 * -0.011  ** ok
yourets s ks bt e DISCUSSION Dataset 12119 *** *rE -0.277  **F¥ FEx
Delay:Dataset  0.773 1 0.009
g ) N 1) This is the first study to investigate human causal learning in which the ggte}p-fvaluesli *|<t0-05,t**:0-016 **’f<0-0g1 (o, g 100
: : s in favor of alternate hypothesis: *>3, **>10, ***>30, ****>
Dependent Measures trlaIS.Were spaced out over time (once per day) and there V\{ere BFs in favor of null hypothesis: +>3, ++>10, +11>30, +11+>100
* Future Use Strength: Participants answered whether they believe they considerable delays between the cause and the effect ranging from 0
- Causal Strength: Both after Trial 8 and Trial 16, participants answered should continue to use the medicine on a scale of -10 to +10, -10 = to 21 hours. REFERENCES
“Does the medicine worsens, improves, or has no influence on pain?” definitelv no. 0 = unsure. +10 = definitelv ves
(on a scale of -10 to +10, -10 = strongly worsens, 0 = no influence, and y no, ’ y yes.  Ciritically, participants are capable of learning cause-eftect relationships 'Renner, K. E. (1964). Delay of reinforcement: A historical review. Psychological Bulletin, 61(5), 341.
_ ? - gly A ? with delavs up to 21 hours. and for the most part causal learnina was ?Shanks, D. R., Pearson, S. M., & Dickinson, A. (1989). Temporal contiguity and the judgement of
+10 = Strongly |mproves). . Frequency Strength: Participants recalled the frequencies of A, B, C, ot affeC’[)éd by the |ength (,)f delay ranging from 0 10 21 hours 9 causality by human subjects. The Quarterly Journal of Experimental Psychology, 41(2), 139-159.
» - : , : 3Dunlap, A. S., & Stephens, D. W. (2014). Experimental evolution of prepared learning. Proceedings of
- _ . “ : and D C_e”S (e_'g" Of the 16_days in the StUC.ly., how many days dld you the National Academy of Sciences, 111(32), 11750-11755.
* Future Prediction Strength- Part|C|pants answered Imagme that see a picture In which you did take the medicine and did experience . E ti f d- del #acted the trial by trial dicti ¢ th “Logue, A. W. (1979). Taste aversion and the generality of the laws of learning. Psychological Bulletin,
tomorrow’ (Day 17) you take/do not take™ medicine. On a scale of 0 to pain”). The future prediction strength was computed using the delta P RCEPLONS We TOUNE. deidy dariected Te trial by tal prociction srengin, 86(2), 276. . .
100\%, what do you think is the likelihood that you would experience ule. }"’h'if.h was ﬁomp“;?d.from pred;ft'ons flrom Tr!a: )~ 1?' By df“h”he[] ) o i) e agg o Towarde
pain?” The future prediction strength was derived by subtracting the ;‘?eé?%facgélaeygrhea;;csfnnes di\éer;;iilyogceu:rzcgnii ?ﬁ;vgegg: 9 ;;&t t_l_ﬁet © 6Hagmay§réY., &Waldr;&n?, M-ZF;. (20302). How temporal assumptions influence causal judgments.
responses of not taking the medicine from taking the medicine - similar e Tri : t i : « .t ” : Memory & Cog-nition,30(7), 1128-1137. | | | o
to tEe AP rule ° ° ;I;r(‘)lranl ggr;ll-;:gla‘:trse,?)lr(;té%?l()S:;eanbg(::t t\rl]vee;r(;r:ep:;gdorpgggécr:fen;t:ﬁggth reason Why we Only found impact of delay iNn this measure need to be ‘Allan, L. G. (1980). A note on measurement of contingency between two binary variables in judgment

: : tasks. Bulletin of the Psychonomic Society, 15(3), 147-149.
. . . . . . further investigated.
effect from Trial 9 to Trial 16 using a similar equation as calculating

frequency strength.



