Appendices
Appendix A: Extended Methods
Participants and screening. 
One hundred participants were recruited and assigned to two age groups of 50 each. Participants were recruited through university advertisement boards, social media, and community centres for older adults. All participants reported normal or corrected-to-normal vision, no history of neurological or psychiatric disorders, and no mobility impairments, and all were right-handed. Each participant provided written informed consent and received monetary compensation of 50 NIS per hour (~14 EUR). 
Following written informed consent, participants underwent a ~20-minute screening procedure. Eligibility required age-, language- and education-adjusted normative scores on the Montreal Cognitive Assessment (MoCA;[1]), administered in Hebrew or Arabic (normative thresholds in Hebrew based on [2] and in Arabic based on [3]). Functional mobility and independence were confirmed via the Timed Up and Go (TUG) test [4] and the Barthel Index [5]; all participants demonstrated age-appropriate mobility and full functional independence.
	
	Younger adults (N=50)
	Older adults (N=50)

	Age (Mean; SD; Range)
	23 (2.57; 18-30)
	70.3 (2.78; 65-74)

	Gender
	39 female; 11 male
	30 female; 20 male

	Education (Mean; SD)
	12.7 (1.2)
	14.7 (2.3)

	Vision (corrected/unimpaired)
	20/30 
	36/14 

	Prior experience with VR
	14 with experience
	7 with experience 

	Employment status
	
	

	Employed 
	6
	9

	Full time students
	42
	0

	Unemployed/Retired
	2
	41

	MoCA Score (Mean; SD)
	26.8 (1.7)
	26.4 (2)

	Executive Functions 
	4.66 (.59)
	4.68 (.65)

	Naming
	2.92 (.27
	2.9 (.30)

	Attention 
	5.82 (.39)
	5.75 (.48)

	Language
	1.87 (0.99)
	2.16 (.74)

	Abstraction
	1.88 (.39)
	1.55 (.50)

	Memory 
	3.64 (.96)
	3.06 (1.37)

	Orientation
	5.98 (.14)
	5.89 (.46)

	Barthel Index (mean)
	100/100
	100/100

	Time Up and Go (Mean; SD)
	8.54 (1.03)
	9.36 (1.42)



Apparatus and Stimuli 
The task was implemented in Unity and presented via a Varjo XR-3 VR system with integrated high-precision binocular eye-tracking and a wireless controller. Stimuli consisted of 60 visually novel, non-verbalizable images from the NOUN database [6] textured onto 3D cubes to minimize verbal encoding. Each display featured a model grid (3 × 6) containing 8 targets and a resource pool (3 × 8) containing the 8 targets plus 16 distractors. A separate workspace grid (3 × 6) served as the reconstruction target, with squares matched in size to the objects, mirroring the layout of the model array. Target identity and spatial arrangements were pseudo-randomized to prevent repetition. 
Procedure and Experimental Design
The 90-minute session followed established protocols [7]  and began with an instructional briefing and four practice trials (excluded from analysis). Participants completed 40 experimental trials (20 per condition) across eight blocks. Two movement-effort conditions (0° and 90° layout orientations) were intermixed and pseudo-randomized across blocks. Participants performed a sequential object-copying task, carrying one object at a time through five steps: (1) encoding the target from the model, (2) moving to the resource area, (3) selecting the target, (4) picking it up, and (5) placing it in the workspace (Figure 1). At each point in the trial, participants could freely return to the model to resample information, self-structuring their behaviour across the sequence. Each trial had a 2-minute limit, indicated by an on-screen timer. Participants could take breaks between rounds as needed.
Data preparation
Frame-by-frame gaze and task data were recorded and segmented into behavioural sequences. A sequence was defined as the interval between two gaze samples on the Model, provided that participants viewed the Resources or Workspace in between. This final gaze on the Model concluded the current sequence and initiated the next.
Attributes in Memory
We quantified the number of attributes (identity and location) retained in working memory per sequence. Each of the 8 target objects comprised two attributes, totalling 16 attributes per trial. Sequences were scored based on the actions completed before an observer's gaze returned to the Model: picking up or placing an object constituted a 1-attribute sequence, while picking and placing an object constituted a 2-attribute sequence. This additive logic extended to 3- and 4-attribute sequences when participants manipulated multiple objects within a single sequence.
Forgetting
Memory lapses were operationalized as "0-attribute" sequences, capturing instances where participants returned their gaze to the Model without picking up any objects. To ensure metric reliability, we calculated these only after excluding noisy or undefined sequences. Specifically, we removed sequences characterized by: (1) a lack of gaze data directed toward relevant objects in the resource or workspace areas following Model encoding; (2) the selection of irrelevant distractors; and (3) target object misplacements.
Encoding Time	
Encoding time was calculated as the mean Model dwell time per sequence. To isolate task-specific encoding from general layout exploration, the initial sequence of every trial was excluded. Additionally, intra-individual outliers exceeding +/-3 standard deviations from the participant's mean dwell time were removed. This trimming procedure resulted in an average exclusion of 57 out of approximately 600 sequences per participant. Unlike laboratory tasks that impose a fixed study period, encoding duration here was self-determined by participants on each sequence, making it a measure of behavioural investment rather than an imposed constraint. Encoding time was analysed per sequence and paired with the corresponding attribute count for that sequence.
Experimental Conditions
All analyses compared the performance metrics across the two movement-effort conditions (0° and 90° orientations) and the two groups (Younger vs. Older Adults).
Statistical analysis
We conducted all analyses in R using the lme4 and lmerTest packages. We fitted Linear Mixed-Effects Models (LMMs) for three dependent variables: Remembered Attributes, Forgotten Instances, and Encoding Time. Each model included Age Group, Effort Level (angle), and their interaction as fixed effects. To account for the within-subject design, we included random intercepts for participants as well as random slopes for the effect of Effort Level. All models were fitted using Maximum Likelihood estimation.
Main effects and interactions were tested using the anova function, which provided Type III Analysis of Variance tables with p-values calculated via Satterthwaite’s approximation for degrees of freedom. Significant effects were followed up with post-hoc comparisons using the emmeans package [8]. We extracted Estimated Marginal Means (EMMs) and used the pairs function to compare Age Groups within each Effort Level and Effort Levels within each Age Group. All post-hoc p-values were adjusted for multiple comparisons using the Tukey method.



Appendix B: Full Model Statistics
All models were fitted using Maximum Likelihood estimation in R (lme4/lmerTest) [9,10]. Main effects and interactions were evaluated using Type III ANOVA with Satterthwaite-approximated degrees of freedom. Post-hoc comparisons used estimated marginal means (emmeans [8]) with Tukey correction
B1. Memory Use
Linear mixed-effects model with Age Group, Effort Level, and their interaction as fixed effects; random intercepts and random slopes for Effort Level by participant.
	Effect
	F
	df
	p

	Age Group
	35.44
	1, 99.4
	<.001

	Effort Level
	171.79
	1, 100.6
	<.001

	Age × Effort
	65.90
	1, 100.6
	<.001



Post-hoc comparisons (Tukey-adjusted):
	Comparison
	Estimate
	p

	Younger vs. Older — Low Effort
	0.14
	.001

	Younger vs. Older — High Effort
	0.49
	<.001

	Low vs. High Effort — Younger adults
	Δ=0.45
	<.001

	Low vs. High Effort — Older adults
	Δ=0.11
	<.001


Marginal means: Younger adults M=1.49 (SE=0.04); Older adults M=1.17 (SE=0.04). Low Effort M=1.19 (SE=0.02); High Effort M=1.47 (SE=0.03).

B2. Complete Forgetting
Linear mixed-effects model, with Age Group, Effort Level, and their interaction as fixed effects; random intercepts and random slopes for Effort Level by participant.
	Effect
	F
	df
	p

	Age Group
	36.07
	1, 99.8
	<.001

	Effort Level
	186.61
	1, 99.2
	<.001

	Age × Effort
	9.73
	1, 99.2
	.002



Post-hoc comparisons (Tukey-adjusted):
	Comparison
	Estimate
	p

	Younger vs. Older — Low Effort
	1.50
	<.001

	Younger vs. Older — High Effort
	0.92
	<.001

	Low vs. High Effort — Younger adults
	Δ=0.99
	<.001

	Low vs. High Effort — Older adults
	Δ=1.57
	<.001


Marginal means: Younger adults M=0.91 (SE=0.14); Older adults M=2.12 (SE=0.14). Low Effort M=2.15 (SE=0.14); High Effort M=0.87 (SE=0.07).

B3. Encoding Time
Linear mixed-effects model, with Age Group, Effort Level, and their interaction as fixed effects; random intercepts and random slopes for Effort Level by participant.
	Effect
	F
	df
	p

	Age Group
	0.35
	1, 99.7
	.554

	Effort Level
	145.46
	1, 99.9
	<.001

	Age × Effort
	14.13
	1, 99.9
	<.001



Post-hoc comparisons (Tukey-adjusted):
	Comparison
	Estimate
	p

	Younger vs. Older — Low Effort
	87.7 ms
	.009

	Younger vs. Older — High Effort
	35.9 ms
	.526

	Low vs. High Effort — Younger adults
	Δ=260 ms
	<.001

	Low vs. High Effort — Older adults
	Δ=136 ms
	<.001


Marginal means: Younger adults M=699 ms (SE=31); Older adults M=725 ms (SE=31).
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