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Empathy for others’ pain may arise spontaneously, but it needs to be modulated by top-down factors to produce desirable
outcomes. To understand such controlled processes of pain empathy, we analyzed the effects of cognitive load on identifying
others’ pain. In a pain identification task, participants viewed successive prime and target images depicting another person’s hand
or foot in painful or nonpainful situations and judged the target experience as painful or nonpainful while ignoring the prime
images. Participants performed pain identification with or without a concurrent color memory task. To dissociate the processes
involved in pain empathy, we fitted a three-parameters multinomial processing tree model to the pain identification responses, as
suggested by Cameron and colleagues (2017). The results showed that the estimate of Intentional Empathy, a parameter for
controlled processes, decreased with working memory loads. In contrast, the estimates of Unintentional Empathy, a parameter for
automatic processes, and Response Bias did not change. Furthermore, Intentional Empathy was positively correlated with the
working memory capacity of individual participants. This study demonstrated capacity-limited aspects of pain empathy and

suggests that working memory capacity could be a critical factor in better understanding individual differences in pain empathy.
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2000). W, SA M2 SJAA o ARl oA
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Prime P P N N
Target P N P N
Intentional
Empathy + + + +
for Target
IE
Prime-Target Unintentional
Sequence fEmga_thy + - - 4+
1_IE No UE or Prime
Intentional Bias to
Empathy Judge Target + - + -
for Target ) 1 — “Painful”

UE No RB
Unintentional
Empahty
for Prime |1—RB Bias to
Judge Target - + - +
“Not Painful”

Figure 1. Multinomial processing tree model. Three parameters are /F (intentional empathy), UE (unintentional empathy),

and RB (response bias). The prime and target contents are represented by either P (‘Pain’) or N (‘No-pain’).
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Figure 2. Experimental stimuli and procedure. A. Pictures of body parts in either ‘pain’ or ‘no—pain’ situations. B. An

example of no—pain prime, pain target trials. Screens with dashed outlines were shown in ‘high load” blocks, but not in the

low load’ blocks. In high load blocks, a memory probe was shown at 2 s after a target onset unless a pain identification

response was registered. In low load blacks, a new trial was not initiated until a pain identification response was registered.
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as a function of Load, Congruency, and Post—hoc Deadline.

Error bars represent 95% confidence intervals.

H 23 2M(model-free analyses)

24719 AC] HgE2 Ht 81.80%(EFHAE 9.55) 2 A
SAFEGC0R)E w01, FAAT] A7 Z&gE o
Aol £PH(77.38~94.50%: Bajouk & Hansenne, 2019;

Morelli & Lieberman, 2013; Rameson et al., 2012;
Tremblay et al., 2021).
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O
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222 A%t B4 (‘Post—hoc Deadline =

° 2 sec)T 1z
2 AAsH BXA(‘Post—hoc Deadline = 1 sec)2 A=
AASLlT. 7 EAoA FEETY] QR WAL
ol Fok2; AFsh 1FshH x dAAPQ; A, LAY
o]l AAZ AgslArh v 279 QFEAAES Fig. 37}
Table 1o AL, WESA +F WHIFEA ZAE

7HHE e 7Rk 4otttk v 38 ] AnE A Table 20 AAISHAH.
At
A NG = 22 1S THIAE BANT 24
5 227h AUR 719 AN AZEIQ] dhRe] 2zmc)
Table 1. Mean errors and reaction times in the pain identification task
% Error Reaction Times
Congruency Low Load High Load AHigh-Low Low Load High Load A High-Low
Post=hoc Deadlline = 2 sec
Congruent 4.19 (3.74) 4.56 (3.97) 37 662.32 (133.66) 815.01 (169.94) 152.69
Incongruent 6.13 (5.09) 5.72 (4.70) -.41 695.49 (135.89) 855.82 (173.60) 160.33
A Incongruent-Congruent 1.93 .37 33.17 40.81
Post=hoc Deadline = 1 sec
Congruent 12.62 (11.93)  27.59 (17.37) 15.17 619.53 (86.60) 711.24 ( 99.51) 91.71
Incongruent 16.24 (13.44)  31.78 (18.34) 15.54 641.67 (86.00) 737.49 (103.91) 95.82

3.82 4.20

AN Incongruent—Congruent

22.14 26.52

Note. Standard deviations are in parentheses. Reaction times are in ms.
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Table 2. Results of permutational analysis of variance in the pain identification task

% Error Reaction Times

Effect A1, 37) p n A1, 37) P m
Post—hoc Deadlline = 2 sec

Load .00 97 .03 86.50 .00 Sl

Congruency 8.14 .01 13 27.04 .00 .08

Load x Congruency .82 37 .03 .76 .39 .03
Post=hoc Deadlline = 1 sec

Load 56.49 .00 .50 81.94 .00 .50

Congruency 11.20 .00 .08 33.65 .00 .08

Load x Congruency .05 .82 .03 .35 .56 .03

Note. Significant effects are indicated in bold. Each test involved 10,000 permutations. Each effect size was based on 10,000

simulations.
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Figure 4. Parameter estimates of aggregated fits as a function of Load and Deadline. Error bars represent 95% confidence intervals.
(107,

Table 3. Parameter estimates and tests of parameter differences between cognitive load conditions

Aggregated fit Individual fit

Parameter Low Load High Load AGAD) p w Low Load High Load «37) V% d

Post—hoc Deadline = 2 sec

IE .90 [.88, .91] 90 [.88, .91] .00 1.00 .00 .90 .87, .92] 90 .87, .92] .04 97 .00
UE .19 [L07, .31] .10 [.00, .22] 1.02 93 01 22 [15, .32] .25 [L15, .38] 42 .68 .10
RB .52 145, .59] .52 .38, .51] 221 Al .02 49 .38, .59] 49 .39, .59] .02 .99 .00

Post—hoc Deadline = 1 sec

IE .71 169, 731 A1 [.38, .43] 340.98 .00 .19 .72 [.64, .78] 43 [.34, .52] 1.16 .00 1.14
UE .13 .07, .20] .07 [.03, .11] 2.34 .38 .02 23 [L15, .32] 13 109, .18] 2.26 .09 45
RB .54 .50, .58] .50 [.48, .52] 2.54 .33 .02 54 47, .62] .52 [47, .56] 53 1.00 A1

Note. Significant effects are indicated in bold. /£ = Intentional Empathy; UF = Unintentional Empathy; RB = Response Bias. 95% confidence intervals
are shown in brackets. AG(1) is the log-likelihood ratio test statistic with one degree of freedom. p-values are Bonferroni corrected in each set of

parameter comparisons. w and d are effect sizes for G- and r-statistics, respectively.

&3 w7k 0.05ETH Ztod myo] & A=ty g Hog Hop 27 v A Fito] B (Ukew= Ui
2AtH(Cameron et al., 2017; Clerkin et al., 2014). 22} 11 7}43t St g7t vhewaFo] ZtHRBow= RBug) L 7t
} HRSARRE A89 FAA 2% MPT Had2 ¥F At si9jRds 7|A R A2 Hlwsteleh. neta|ed

To] AdEee & & ASh ARE BEEAIRR] 2% ¥

z}isq AJEE Q) = 500, p> .05 w= .02, A%

HEgAREO] 1281 A4m9] AL 62(2) =572, p»> .05 A HGAIR = 2%, mpepulE A ok HI 4

= 0290tk ZF EAolA A mhetne ghE Table 33 Aol RS A Bl wX= G2 mwF: Al

Fig. 40 A|ASkGIEE. olojA] QI Fste] ke AFehr] 91 mebny BF 1Hst 23 2t 2719 A2 A=
, Tetajee] F7F Ao equality constraint)e AR s Zto] AA FHL, $EH| W =

-AE E(nested models)¥t 7|22 HwstGeh wref o okgith vHSE 23 AFct 279 @FEo] BF 5% A

T4 Fio] dxRste] JFe WATH, AFS 2w 1 ko EXSYY] wiiel, & 249 [F 34 T%([ELOW, [Engh)

Kot 279 oud Fipo] TBohlEew= [Fug) 738 of 2 3 2 o= +H3th(=0.9). Adde=

o] Aot Z|ARYe] Hof [Fofu|stA Wotop & (UEow, Uk 2 #toll 83k o] 3= H}—O—/\] ot
ARG HT} sieRg o] mietu|ert oF A REEstnE o] FEs] AW, HE QIAF Hsph & Adgoldt ok
wH] WelF ()L ARl foxg AFSta. 22 3 Tl 55U 3L FhitE AL Eoidh b,

r_H o olo Az -I>
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o] FA2°l Cowan's K & ﬂ]’&é}ME}(Cowan, 2001;
Rouder et al.,, 2011). #7H&9 Bt Cowan's K= 2.54
(=92 0.76)90 tf&o =2, Cowan's K¢ njgfmlg =
22| Pearson ATEAL AAISHATE Table 4004 & £
o], A Aite ARF BESAIRIO] 2% 129 T

Aoz ﬂo*a}. 7} s} A% el SR 25

Art(Fig. 5) 3194

o
& F4% RB= Cowan's K&t olmlet A3 Zk2] oot

Table 4. Correlations between parameter estimates and working

memory capacity

Low Load High Load

Parameter r p r p

>
w

[ d [ ]
104, . o & 1.0 . e
v, * L 1L *
0.84 To® L4 o 0.84 O
8 . o °
I & hd .
< 0.6 . < 0.67
8 8
8 041 5 0.4
m W
0.2 = 024
r=.45p <.05 r=.67,p<.05
0.0 0.01
1.0 15 2.0 25 3.0 35 10 1.5 20 2.5 3.0 35
Cowan's K Cowan's K
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o T80 088
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= 0.2 = 024
r=.48,p <.05
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Figure 5. Relationship between working memory capacity and
intentional empathy. “/Eyg=sec” shown as y—axis titles stands for
intentional empathy estimates in the “A” load condition under
“B’-sec post—hoc deadline. IE estimates were from individual
model fits. Blue lines are regression fits and ribbons represent

95% confidence intervals.

o olgfet AT B A79 = wiA AA7 e, o
= e

el A gl Mgt AL

ofm|etck

F7F fAowA SEHd A9 AN BH= =Y
27 - Az} AA71e FY] BAE EASHH. 9
L& Zgro] BA AgdeHtask-relevant) FJHO| FJ5 7]
2ol HY7|s2 vrgtttd (Payne, 2005), 7HQIE 27
of 8 S5 A9 dAY B A7]= FA AT

Table 5. Correlations between congruency effects and working

memory capacity

Post—hoc Deadline = 2 sec

IE 45 .03 .67 .00
UE -.22 1.00 -22 1.00
RB .00 1.00 -.07 1.00

Post—hoc Deadline = 1 sec

Low Load High Load
Data r p r p
Post—hoc Deadlline = 2 sec
% Error -.28 18 -45 .01
Reaction Times -.17 .62 -.30 14

/2 48 .02 46 .02 Post=hoc Deadline = 1 sec

UE -.10 1.00 =24 91 % Error -.30 13 =32 .09

RB -.16 1.00 -.07 1.00 Reaction Times -.10 1.00 =25 .25
Note. Significant effects are indicated in bold. p-values are Note. Significant effects are indicated in bold. p-values are

Bonferroni corrected in each post—hoc deadline analysis.

Bonferroni corrected in each pair of load conditions.
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