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Dissociable contributions of goal-relevant evidence and goal-
irrelevant familiarity to n-back performance in youth



Derivation of Conflict Recognition Evidence Integration Model Parameters

We begin by assuming that there are two psychological dimensions that affect drift rates
on target (t), lure (1), and novel (n) trials of the n-back and similar “conflict recognition”
paradigms:

E = evidence of a stimulus meeting formal criteria for being a target
F’ = stimulus familiarity

The E dimension is determined by the quality of bindings between the stimulus and the
goal-relevant context. In the case of the 2-back, this would be the binding of the stimulus to the
position two spaces back in the sequence. As a result, evidence for target stimuli is greater than
evidence for novel and lure stimuli (Et > En and Et > El). The F’ dimension is irrelevant to the
formal definition of targets, according to the task goal, but is increased by having previously
studied a given stimulus, and hence F't > F'n and F'l > F'n.

We assume that the input to drift rates (¥) on a given trial is determined by the following
equation, where fe is the evidence criterion and fris the familiarity criterion, and sis an
attention weight that determines how much familiarity biases rates (e.g., some subjects may be
able to exclude an effect of familiarity and so have s = 0 and no bias):

V=E-Be + s(F-Bf)

As s is not identifiable without an independent measure of F’, we instead work with
“scaled familiarity” (F), and therefore:

V=E-fBe +F-Bf

To reduce the number of parameters that much be estimated, we make several simplifying
assumptions:

i.  E is determined only by being a target vs. non-target, so El = En (we use En from
here).

ii.  E provides an unbiased input to rates, which allow estimation of a single “efficiency
of evidence accumulation parameter: e = (Et - En) /2. That is, e is proportional to the

quality of the evidence, and bias is determined solely by familiarity.

iii.  Fis determined only by being studied vs. not studied, so Ft = F1 (we use Ft from
here).

With these simplifying assumptions, we can determine the drift rates toward the upper
“target” threshold and lower “non-target” threshold:

Vt = Et- Be + Ft- Bf = e + Ft- Bf



n = En- Be + Fn- Bf = —e + Fn- Bf

Vl = En- Be + Ft- Bf = —e + Ft-pf

If we estimate separate parameters for familiarity of repeated (target and lure) stimuli
fr = Ft- Bf) and unfamiliarity of novel stimuli (f,, = Sf — Fn)), we simplify to:

Vt = e + f,
Vn = —e— f,
Vi = —e + f,

As positive rates move the decision process toward the upper “target” response boundary
and negative rates move the process towards the lower “non-target” response boundary, greater e
serves to increase evidence accumulation towards the correct response boundary for all trial
types (i.e., upper for target stimuli, lower for lures and novels). Greater f,, similarly moves the
decision process towards the correct lower (“non-target”) boundary on novel trials. Greater f,.
moves the decision process towards the upper (“target””) boundary on both target and lure trials,
which makes correct “target” responses more likely on target trials and incorrect “target”
responses more likely on lure trials. To make these relations more clearly interpretable, it is
possible to “rectify” drift rates by multiplying the rates for trials on which the lower (“non-
target”) threshold is correct (novel and lure stimuli) by -1, which gives the set of equations
reported in the main body of the manuscript:

Vtarget = € T fr
Vnovelt = € T+ fn

Viure = € _ﬁ‘

This model is an identifiable instantiation of the original Oberauer (2005) theory in the
ABCD paradigm providing estimates of its f,- and f,, concepts, the latter of which is expected to
be greater than the former because the unfamiliarity of novel stimuli provides unambiguous
evidence for a “non-target” response whereas target and lure stimuli cannot be distinguished on
the basis of familiarity.

However, in order to interpret our results in terms of the underlying concepts (scaled
familiarity and criterion settings), after estimation we transformed these familiarity parameters to
separately measure the overall strength of the impact of familiarity evidence on individuals’
decision making (fs) and shifts in individuals’ familiarity criterion setting (fc), which was
expected to be set to require greater evidence for making a “target” response than a “non-target”
response, and hence display positive values (fc>0):



_ et

fe=fu—fr
In terms of the original parameters:

_ Bf —Fn+Ft- Bf
B 2

fs

_Ft—Fn
fs= 5

fe=(Bf —Fn) — (Ft- Bf)
fc=2Bf —Fn— Ft

We note that, as the s attention weight parameter was dropped due to unidentifiability, the
resulting fs parameter indexes both the separation between Ft and Fn (i.e., familiarity evidence
quality) as well as the degree to which individuals choose to weight familiarity evidence in
general (i.e., 5).



Standard Diffusion Model
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Supplemental Figure 1. Posterior predictive plots for the baseline wave of the Adolescent Brain
Cognitive Development (ABCD) Study. Each plot displays the cumulative probability of a
“target” response (dotted line) and a “non-target” response (solid line) for the empirical (red) and
model-predicted (black) data. The five points shown in each plot represent response time (RT)
quintiles (.1, .3, .5, .7, .9) for the empirical (open point) and model-predicted (solid point) data.
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Supplemental Figure 2. Posterior predictive plots for the year 2 wave of the Adolescent Brain
Cognitive Development (ABCD) Study. Each plot displays the cumulative probability of a
“target” response (dotted line) and a “non-target” response (solid line) for the empirical (red) and
model-predicted (black) data. The five points shown in each plot represent response time (RT)
quintiles (.1, .3, .5, .7, .9) for the empirical (open point) and model-predicted (solid point) data.



Novel Evidence Integration Model
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Supplemental Figure 3. Posterior predictive plots for the independent age-diverse sample. Each
plot displays the cumulative probability of a “target” response (dotted line) and a “non-target”
response (solid line) for the empirical (red) and model-predicted (black) data. The five points
shown in each plot represent response time (RT) quintiles (.1, .3, .5, .7, .9) for the empirical
(open point) and model-predicted (solid point) data.



uninformative baseline year 2

priors informed priors informed prior
task | parameter | bounds u o u o u c

a 0, 1.000  0.500 1.543  0.127 1.564  0.169

Viure -00,00 | 3.000 1.000 1.530  0.791 1.914  0.742

Vnovel -00,00 | 3.000 1.000 1.907 0317 | 2.207  0.349

O-back | Vereer -00,00 | 3.000 1.000 1.078  0.691 1.582  0.676
z 0,1 0.500  0.100 0.488  0.044 | 0479  0.038

t0 0,2 0.300  0.100 0.328  0.100 | 0.311 0.078

st0 0,2 0.100  0.050 0.391 0.213 | 0303  0.145

Dof -00,00 | 0.000 1.000 | -2.449 0.602 | -2.519  0.603

a 0, 1.000  0.500 1.641 0.112 1.707  0.192

Viure -00,00 | 3.000 1.000 0.569  0.759 | 0.966  0.869

Vnovel -00,00 | 3.000 1.000 1.624  0.318 1.993  0.317

>-back | Varset -00,00 | 3.000 1.000 0.872  0.589 1.328  0.588
z 0,1 0.500  0.100 0493  0.052 | 0.527  0.032

t0 0,2 0.300  0.100 0286  0.107 | 0.262  0.090

st0 0,2 0.100  0.050 0.638  0.218 | 0.534  0.187

Dof -00,00 | 0.000 1.000 | -2.101  0.547 | -2.307 0.418

Supplemental Table 1. Priors for traditional diffusion model parameters across both tasks and
ABCD waves. All priors were truncated normal distributions defined by mean (p) and scale (o)
parameters and bounded at the reported values.



uninformative baseline year 2

priors informed priors informed prior
task | parameter | bounds u o u o u c

a 0, 1.000  0.500 1.567  0.140 1.584  0.177

e -00,00 | 3.000 1.000 1.301 0.601 1.745  0.554

fs -00,00 | 3.000 1.000 | -0.229 0324 | -0.184 0.352

O-back Ju -00,00 | 3.000 1.000 0.638 0356 | 0.502  0.242
z 0,1 0.500  0.100 0.490  0.041 0.484  0.035

t0 0,2 0.300  0.100 0325 0.100 | 0.308  0.078

st0 0,2 0.100  0.050 0388  0.182 | 0.297  0.122

Dsf -00,00 | 0.000 1.000 | -2.498 0.579 | -2.571  0.622

a 0, 1.000  0.500 1.644  0.113 1.716  0.198

e -00,00 | 3.000 1.000 0.724  0.342 1.152  0.451

fs -00,00 | 3.000 1.000 0.147 0543 | 0.176  0.501

5 -back Ju -00,00 | 3.000 1.000 0.921 0306 | 0.865  0.349
z 0,1 0.500  0.100 0494  0.055 | 0.528  0.036

t0 0,2 0.300  0.100 0.285  0.107 | 0.261 0.091

st0 0,2 0.100  0.050 0.638  0.219 | 0.529 0.184

Def -00,00 | 0.000 1.000 | -2.100 0.532 | -2.345 0.406

Supplemental Table 2. Priors for the novel re-parameterization of the diffusion model across
both tasks and ABCD waves. All priors were truncated normal distributions defined by mean ()
and scale (o) parameters and bounded at the reported values.



a) Cognitive criterion NIH Toolbox Cognitive NIH Toolbox List Sorting  Drift Rate (EEA) from
variables Function Composite Working Memory Task the ABCD SST
(n="1,782) (n=17,807) (n=17,052)
Est. Est. Est.
SE SE SE
) b %) b %) b
Intercept 4424 128 <O00IE99 7258 200 <0.01E-99 046 0.11  507E-05
. 5.25 4.67 0.37
Efficiency (e) (0.121) 0.16 <0.01E-99 (0.042) 0.25 4.19E-75 (0.087) 0.01 <0.01E-99
e 0.74 -1.82 0.61
Familiarity strength (f5) (<0.001) 0.45 0.09875 (0.001) 0.71 0.010280 (0.032) 0.04  2.02E-52
Familiarity criterion (fc) (01.'06015) 0.26 1.04E-09 ( <8'.331) 0.42 0.129261 (0?62122) 0.02 6.13E-21
b) Clinical ratings of Parent-Reported Attention Teacher-Reported
attention problems Problems Attention Problems
(n=17,922) (n=2,756)
Est. Est.
SE SE
() P () P
Intercept 3.19 0.62 3.07E-07 5.13 0.91 2.21E-08
Efficiency () ((')(.)(ﬁi) 0.08  1.16E-26 ((']h');z) 0.11  9.08E-24
e -0.38 -0.93
Familiarity strength (fs) (<0.001) 0.22 0.077178 (0.003) 0.32 0.003994
Familiarity criterion (f¢) ((_)Odfé) 0.13 2.17E-05 (60('):‘)3) 0.19 0.013319

Supplemental Table 3. Results from generalized addictive mixed models regressing three

relevant cognitive criterion variables (a) and parent- and teacher-reported ratings of attention

problems (b) on n-back model parameters in the 0-back condition as well as demographic
covariates. Models accounted for study site and family as nested random intercept effects

(1|site/family). Likelihood ratio tests were used to estimate marginal 7° for each n-back model

parameter.



a) Cognitive criterion oolbox Cognitive oolbox List Sortin rift Rate rom
Cognit t NIH Toolbox Cognit NIH Toolbox List Sorting  Drift Rate (EEA) fi
variables Function Composite Working Memory Task the ABCD SST
(n=1,782) (n=17,807) (n=17,052)
Est. Est. Est.
SE SE SE
() P () P () P
Intercept 45.01 1.28 <0.01E-99 73.67 2.02 <0.01E-99 (0064725) 0.11 0.000212
. 9.82 9.94 0.53
Efficiency (e) (0.164) 0.25 <0.01E-99 (0.074) 0.39 <0.01E-99 (0.032) 0.02 <0.01E-99
Familiarity strength (/) (01.67012) 042 4.05E-05 (;g"g&l) 0.66  0.638095 (0%5372) 0.04  5.61E-52
e . 1.09 0.02 0.21
Familiarity criterion (fc) (0.003) 0.24 7.50E-06 (<0.001) 0.39 0.965288 (0.013) 0.02 1.29E-21
b) Clinical ratings of Parent-Reported Attention Teacher-Reported
attention problems Problems Attention Problems
(n=17,922) (n=2,756)
Est. Est.
SE SE
() P () P
Intercept 3.01 0.63 2.03E-06 4.93 0.93 1.27E-07
Efficiency (e) ((')}(ﬁz) 0.12  9.62E-34 ((']h')gz) 0.18  7.46E-21
e -0.45 -0.76
Familiarity strength (fs) (0.001) 0.20 0.026155 (0.002) 0.30 0.012774
e -0.40 0.34
Familiarity criterion (fc) (0.001) 0.12 0.000842 (0.001) 0.18 0.057820

Supplemental Table 4. Results from generalized addictive mixed models regressing three

relevant cognitive criterion variables (a) and parent- and teacher-reported ratings of attention

problems (b) on n-back model parameters in the 2-back condition as well as demographic
covariates. Models accounted for study site and family as nested random intercept effects

(1]site/family). Likelihood ratio tests were used to estimate marginal 7 for each n-back model

parameter.



