
[bookmark: _heading=h.ig7bxs6t5k52]Supplement S1: Baseline Results
We show the effect of diagnosis on verbal learning task performance in Supplementary Figure 1. Linear mixed-effect models (with task performance as outcome, diagnosis and age as fixed effects, and random intercepts for participants) show that, for immediate recall, cognitively normal participants on average score 3.67 points higher than MCI patients (SE = 0.25, t(1069) = 14.85, p < .001) and 10.60 points higher than AD patients (SE = 0.32, t(1148) = 32.78, p < .001). For delayed recall, cognitively normal participants on average scored 1.94 points higher than MCI patients(SE = 0.11, t(1072) = 17.47, p < .001), and AD scored 5.00 points higher than AD patients (SE = 0.15, t(1165) = 34.40, p < .001). These findings align with expectations of task performance lowering with disease progression.

We used linear mixed-effects models with immediate and delayed recall scores as outcomes, and diagnostic group and age as fixed effects, with random intercepts for participants, to estimate the effect of diagnosis on scores. For immediate recall cognitively normal participants had an estimated mean score of 21.78, with MCI patients scoring 3.67 points lower (SE = 0.25, t(1069) = 14.85, p < .001) and AD patients scoring 10.60 points lower (SE = 0.32, t(1148) = 32.78, p < .001). For delayed recall, cognitively normal participants had an estimated mean score of 7.35. Participants with MCI scored 1.94 points lower (SE = 0.11, t(1072) = 17.47, p < .001), while those with AD scored 5.00 points lower (SE = 0.15, t(1165) = 34.40, p < .001). 
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Supplementary Fig. 1. Violin plot showing the distribution of sum scores per diagnosis per assessment on the delayed verbal learning trial. As a majority of individuals had repeated measures taken, we also show a linear mixed effects model mean estimate, which corrects for these repeated measures.


[bookmark: _heading=h.6ts98jnt1lw5]Supplement S2: Detailed MPT findings
We estimated cognitive process scores for 1127 individuals across 3976 assessments using multinomial processing tree models, as seen in Figure 4.
ANOVA tests were conducted across 6000 MCMC posterior samples to assess group differences in cognitive parameters. Five parameters showed strong evidence of group differences (significant in ≥95% of samples): learned retrieval (η² = 0.40 [0.37, 0.43], 100% of samples), delayed retrieval (η² = 0.40 [0.36, 0.43], 100% of samples), partial learning (η² = 0.02 [0.01, 0.04], 99.9% of samples), consolidation learning (η² = 0.03 [0.01, 0.05]), 100% of samples), and one-shot learning (η² = 0.05 [0.03, 0.08], 100% of samples). Testing effect showed weak evidence of group differences (η² = 0.01 [0.00, 0.02], 84.1% of samples), while short-term retrieval showed no evidence (η² = 0.002 [0.000, 0.008], 15% of samples).
Follow-up pairwise comparisons showed a consistent pattern of Normal > MCI > AD performance across four parameters: learned retrieval, delayed retrieval, consolidation, and one-shot learning (Supplementary Table 1). Short-term retrieval showed negligible differences across all group comparisons, with no significant differences between groups. Testing effect demonstrated mostly negligible differences, though the Normal vs AD comparison showed a small effect. Partial learning revealed negligible differences between Normal and MCI groups, but small effects emerged when comparing Normal and MCI to AD. These pairwise comparisons can be seen in Supplementary Table 1.
These findings indicate that most cognitive processes follow the expected pattern of progressive decline from normal cognition through MCI to AD, with learned retrieval and delayed retrieval showing the largest group differences across all comparisons.
Supplementary Table 1. Pairwise group comparisons between parameters 

	Cognitive Parameter
	Group Comparison
	Cohen’s d [95% CI]
	Effect Size
	Uncorrected 
P values
	Benjamini-Hochberg corrected P- values

	Learned Retrieval
	Normal vs MCI
	0.87 [0.8, 0.94]
	Large
	<.001
	<.001

	
	MCI vs AD
	1.21 [1.09, 1.33]
	Large
	<.001
	<.001

	
	Normal vs AD
	2.01 [1.88, 2.17]
	Large
	<.001
	<.001

	Delayed Retrieval
	Normal vs MCI
	0.89 [0.81, 0.97]
	Large
	<.001
	<.001

	
	MCI vs AD
	1.22 [1.06, 1.37]
	Large
	<.001
	<.001

	
	Normal vs AD
	2.38 [2.14, 2.62]
	Large
	<.001
	<.001

	Short-Term Retrieval
	Normal vs MCI
	0.06 [-0.06, 0.19]
	Negligible
	.314

	.347

	
	MCI vs AD
	0.02 [-0.15, 0.18]
	Negligible
	.529
	.529

	
	Normal vs AD
	0.08 [-0.08, 0.23]
	Negligible
	.336
	.353

	Testing Effect
	Normal vs MCI
	0.09 [-0.04, 0.22]
	Negligible
	.169
	.209

	
	MCI vs AD
	0.18 [0.01, 0.36]
	Negligible
	.002
	.353

	
	Normal vs AD
	0.27 [0.11, 0.44]
	Small
	.047
	.529

	Consolidation
	Normal vs MCI
	0.17 [0.04, 0.29]
	Negligible
	.012
	.017

	
	MCI vs AD
	0.34 [0.17, 0.5]
	Small
	<.001
	<.001

	
	Normal vs AD
	0.51 [0.34, 0.67]
	Medium
	<.001
	<.001

	One-Shot Learning
	Normal vs MCI
	0.22 [0.1, 0.33]
	Small
	.001
	.002

	
	MCI vs AD
	0.43 [0.27, 0.59]
	Small
	<.001
	<.001

	
	Normal vs AD
	0.65 [0.49, 0.81]
	Medium
	<.001
	<.001

	Partial Learning
	Normal vs MCI
	0.09 [-0.04, 0.21]
	Negligible
	0.189
	0.22

	
	MCI vs AD
	0.34 [0.18, 0.52]
	Small
	.< 0.001
	< .001

	
	Normal vs AD
	0.42 [0.27, 0.59]

	Small

	< 0.001
	< .001


1: Effect sizes : |d| ≥0.8 (Large), ≥0.5 (Medium), ≥0.2 (Small) 
2: P-values Benjamini-Hochberg  corrected based on 21 pairwise t-test
[bookmark: _heading=h.ifqch0m5sfje]Supplement S3: CMC module definitions and region assignments
Functional connectivity was estimated between clusters of regions, with each cluster corresponding to a functional module of the CMC. Regions were drawn from the Harvard-Oxford cortical and subcortical atlases, as distributed with the CONN toolbox, and assigned to modules on theoretical grounds. Some modules were subdivided into multiple clusters, where the module is known to comprise functionally distinct subsystems, so that connectivity involving these subsystems could be assessed independently.
Working Memory was subdivided into frontal and parietal clusters, both drawn from the frontoparietal network, reflecting the distinction between control-related frontal contributions and storage-related parietal contributions to Working Memory.
Long-Term Memory was modeled as a single cluster, comprising the anterior and posterior divisions of the middle and inferior temporal gyri. Restricting Long-Term Memory to the lateral temporal cortex served the goal of separating the semantic and episodic components of declarative memory, with the latter being modelled in the hippocampus.
Episodic Memory comprised the hippocampus. This deviates from the formulation of the Common Model of Cognition, which in its original formulation only contained a single long-term memory module. This follows suggestions to incorporate episodic memoirs into the CMC, as well as the purpose of the hippocampus being a characteristic neuropathological target of Alzheimer’s disease, making the distinction highly consequential in the target population of this study.
Procedural Memory comprised the causate, putamen, pallidum, and thalamus. The basal are known to support procedural learning separately from the hippocampal declarative memory.
Perception was divided into auditory, tactile, primary visual, and secondary visual clusters. 
Auditory perception comprised Heschl’s gyrus, planum temporale, as well as the posterior division of the superior temporal gyrus. These regions span the core and early belt auditory cortex.
Tactile Perception composed the postcentral gyrus, containing the primary somatosensory cortex.
Primary Visual Perception comprised the intracalcatrine, supracalcarine, cuneal, and lingual cortex, covering the majority of V1 with a spatial boundary separating it from other areas.
Secondary Visual Perception comprised the occipital pole, inferior and superior divisions of lateral occipital cortex, the occipital fusiform gyrus, and temporo-occipital fusiform cortex.
Motor Systems comprised the precentral gyrus, containing the primary motor cortex and the supplementary motor area.
[bookmark: _heading=h.rmkc7a7uwsfv]

Supplement S4: Functional connectivity across all participants
Functional connectivity was assessed both within and between all clusters associated with the CMC across all subjects. As shown in Supplementary Figure 2, all clusters, and therefore all theoretical modules, are significantly correlated with one another. While these correlations do not necessarily imply the presence of direct anatomical pathways, or an indication of which pathways exist, as they may be mediated through indirect connections, they do indicate the existence of synchronized neural activity across modules.
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Supplementary Fig. 2. Overall functional connectivity between clusters across subjects.

[bookmark: _heading=h.5tknubq9z2o4]

Supplement S5: Connectivity differences between diagnostic groups.
Throughout, stronger and weaker connectivity refer to differences between diagnostic groups in the group-level connectivity estimate. As these are cross-sectional contrasts between participants, they do not describe change within individuals. It was investigated whether changes in functional connectivity could be directly linked to the diagnostic group, examining how connectivity differs across Cognitively Normal (CN), Mild Cognitive Impairment (MCI), and Alzheimer’s Disease (AD). The mapping of the progression from CN via MCI to AD within the framework of the CMC can provide insights into the processes involved, and offers potential links to the MPT parameters described above.
[bookmark: _heading=h.b22j5nqxc4bs]Connectivity Changes AD > CN
Alzheimer’s patients showed widespread connectivity differences compared to cognitively normal participants. For most connections and clusters, connectivity was substantially weaker in AD, which is consistent with expectations. Several pathways showed mixed or ambiguous patterns, with a mix of both stronger and weaker connections between two clusters. Examples include pathways between Working Memory and Procedural Memory, Long-Term Memory and Procedural Memory, as well as Long-Term Memory and Visual Perception.
Only a few pathways between clusters were predominantly or consistently stronger in AD than in CN. These included Long-Term Memory to Primary Visual Perception, Auditory and Primary Visual perception to Procedural Memory, and Frontal Working Memory to the Motor Systems.
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Supplementary Fig. 3. Functional connectivity changes Alzheimer’s Disease vs Cognitively Normal
[bookmark: _heading=h.9xhn49mub98y]Connectivity Changes MCI > CN
Compared to CN, individuals with MCI showed overall weakened connectivity. The only consistent increase was observed between Parietal Working Memory and Tactile Perception, alongside some ambiguous changes in frontal Working Memory to Procedural Memory, within Procedural Memory, and within Secondary Visual Perception. These partially overlap with the differences observed between AD and CN, although some changes are not captured, especially not the strengthening of certain pathways.

[bookmark: _heading=h.2a8lk1h01i83][image: ][image: ]
Supplementary Fig. 4. Functional connectivity changes Mild Cognitive Inhibition vs Cognitively Normal
[bookmark: _heading=h.z4j23yiojf4l]Connectivity Changes AD > MCI
When comparing AD and MCI directly, the changes were more extreme. In addition to widespread weakening of connections, several pathways showed a clear strengthening. Notable examples include Visual Perception to Long-Term Memory, as well as the strengthening of some connections within the triangle between Perception, Working Memory, and Procedural Memory.
Some pathways shown in the AD > CN contrast were not significantly altered in either the MCI > CN or the AD > MCI contrasts, suggesting that these connectivity changes may develop gradually over the course of the disease progression.
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Supplementary Fig. 5. Functional connectivity changes Alzheimer’s Disease vs. Mild Cognitive Inhibition

[bookmark: _heading=h.1gccsvgf7z0v]Supplement S6: Partial least squares regression including original test results

The same model was tested again, but including the Immediate and Delayed Correct results variables from the original cognitive test as additional predictors, alongside the model parameters. The aim was to examine whether these test measures contribute extra information, and whether the model parameters provide any predictive value beyond the test results, potentially in the form of an additional relevant latent variable.

The findings indicate that this is not the case (Supplementary Figure 6). Only the first latent variable appears to be relevant, with the explained variance remaining unchanged. Both test measures load onto the first latent variable in a similar manner to the parameters. The two measures do not emerge as Variables of Importance (VIPs), while Partial Learning and Consolidation Learning contrary to the previous specification do.

[image: ][image: ][image: ]
Supplementary Fig. 6: PLS Results for Test Results + MPT Parameters. Left to right: (1) Explained Variance in Brain Data per extracted component. (2) Load of each MPT parameter on first Latent Variable. (3) Predictor Importance test for all MPT parameters.



image4.jpg
3,
7.97 NI 7.97

Procedural




image5.jpg
suprathreshold group-level results

WM.F

WM.P

Procedural

Episodic

Perc.Aud

Perc.Vis.Prim

Perc.Vis.Sec

Perc.Tact.

Motor

LTM

FPr
Pl
MIdFG r
MidFG |
SFG T
SFG |

IFG trir
IFG tri |
IFG oper r
IFG oper |
SPLT
L
Thalamus r
Thalamus |
Caudate r
Caudate |
Putamen r
Putamen |
Pallidum r
Pallidum |
Hippocampus |
Hippocampus r
pSTG r
pSTG |
PTr

PTI

HG T

HG

Gr

Gl

icc r

icc |
sccr
sccl
Cuneal r
Cuneal |
stocr
sLoc |
iLocr
iLoc |
TOFusC r
TOFusC |
OFusG r
OFusG |
oPr

oPI
POStCG
POSLCG |
PreCG r
PreCG |
SMA ©
SMA L
aMTG
aMTG |
alG r
arG |
PMTG
pMTG |
PITG T
PITG |

1vl

7.9733

7.9733





image6.jpg
"

N
"

Procedural




image7.jpg
suprathreshold group-level results

WM.F

WM.P

Procedural

Episodic

Perc.Aud

Perc.Vis.Prim

Perc.Vis.Sec

Perc.Tact.

Motor

L™

FPr
idl
MidFG r
MidFG |
SFGr
SFG |

IFG tri r
IFG tri |
IFG oper r
IFG oper |
SPLr
SPLI
Thalamus r
Thalamus |
Caudate r
Caudate |
Putamen r
Putamen |
Pallidum r
Pallidum |
Hippocampus |
Hippocampus r
pSTG r
pSTG |
PTr

PTI

HG T

HG1

Gr

LG

iccr

icc 1
scer
ccal
Cuneal |
stocr
stocl
itocr
itoc |
TOFusC 1
TOFusC |
OFusG r
OFusG |
opr

opl
POSICG
POSLCG |
PreCG r
PrecG |
SMA r
SMA L
aMTG ¢
aMTG |
amG r
altG |
PMTG r
PMTG |
pITG T
pITG |

(Emsmny |

]l

E+ ﬁ
++u-

5.2654

-5.2654




image8.jpg
-4.83 IV 4.83




image9.jpg
suprathreshold group-level results

WM.F

WM.P

Procedural

Episodic

Perc.Aud

Perc.Vis.Prim

Perc.Vis.Sec

Perc.Tact.

Motor

L™

FPr

il
MidFG r
MidFG |
SFG
SFG 1

IFG tri r
IFG tri |
IFG oper r
IFG oper |
SPLT
SPLI
Thalamus r
Thalamus |
Caudate r
Caudate |
Putamen r
Putamen |
Pallidum r
Pallidum |
Hippocampus |
Hippocampus r
PSTG
pSTG |
PTr

PTI

HGr

HG1

Gr

LG

iccr

icc |
sccr
sccl
Cuneal r
Cuneal |
sLocr
stocl
itocr
itoc 1
TOFusC r
TOFusC |
OFusG r
OFusG |
opPr

opl
POSICG 1
POStCG |
PreCG
PrecG |
SMA ©
SMA L
aMTG
aMTG |
amG
almG |
pMTG 1
pMTG |
PITG
PITG |

]l

4.8282

-4.8282




image10.jpg
o~ —

-
A ul paue|

® © < o o
o o o o
|dx3 @dueLIRA JUBDIB

o

Number of PLS components




image11.jpg
Parameter Loading on LV1
RN N W oW
w o O o u & U

o

Parameter contributions to LV1

1 2 3 4 5 6 7 8 9




image12.jpg
—
—

e e ST EL

521025 dIA

a
S

Predictor Variables




image1.png
30

N}
(63}

N
o

Immediate Recall Score
> >

Immediate Recall Scores by Diagnosis

Violin plots show distribution density; red diamonds show model-adjusted means





image2.png
Delayed Recall Score

10

Delayed Recall Scores by Diagnosis

Violin plots show distribution density; red diamonds show model-adjusted means

al . rm
Cognitively Nc“S\\d cognitive 1MP2!




image3.jpg
-157.83 NN 157.83




