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Abstract 
Objectives: Older adults are substantially impaired in memory for specific past events, particularly for memory of contextual information, such 
as when an event happened (temporal-order memory). In the current study, we investigated a novel approach for training temporal-order mem-
ory in older adults using wearable cameras that automatically take first-person photos of participants’ lives.
Methods: As opposed to the traditional method of training memory using simple laboratory stimuli (laboratory memory—LM), our method 
trained memory using participants’ life events (autobiographical memory—AM). We randomly assigned participants to 3 groups, the AM group 
trained using photos from wearable cameras, the LM group trained using conventional laboratory stimuli (scene photos), and the control vocab-
ulary knowledge group trained on word definitions. We assessed temporal-order memory for AM events (AM task) and LM stimuli (LM task) in 
the lab before and after training, which occurred at home 5 days per week for 4–5 weeks.
Results: A significant interaction showed that AM training was more effective for enhancing AM whereas LM training was more effective in 
improving LM. The control training condition did not enhance either form of memory.
Discussion: The results suggest that using photos from wearable cameras is a promising approach for improving AM in older adults.
Keywords: Cognitive aging, Episodic memory, Lifelogging cameras, Memory rehabilitation

Healthy older adults are impaired in memory for specific 
past events, particularly for contextual features of these 
events, such as where and when they happened (Levine et al., 
2002). To address these deficits, different memory training 
approaches have been developed. Even though the goal of 
memory training programs is to improve memory for every-
day life events (autobiographical memory—AM), the vast 
majority of them train memory for simple laboratory stimuli 
(laboratory memory—LM; Rebok et al., 2007). This is prob-
lematic because the transfer of training from laboratory tasks 
to real life is very limited (Bahar-Fuchs et al., 2019; Bahk & 
Choi, 2018). In a consensus opinion (Max Planck Institute 
for Human Development & Stanford Center on Longevity, 
2014), 69 scientists concluded that, although cognitive train-
ing in older adults can improve performance on trained tasks, 
“very few training programs have shown evidence that such 
gains translate into improved performance in the complex 
realm of everyday life. A program might train you to memo-
rize lists of words, for example, but this particular skill is not 
likely to help you remember where you left your car keys or 
the time of an upcoming appointment.” In other words, LM 
training may improve LM, but it often fails to improve mem-
ory in real life, that is, AM.

If transfer from LM training to AM function is limited, why 
do researchers persist in training LM? This is likely due to two 

reasons. First, training memory requires retrieval cues, which 
are harder to collect for AMs than LMs. For LM, retrieval 
cues are typically constant across participants (e.g., a list of 
words), whereas for AM, they must be individual to each par-
ticipant (e.g., diary entries). Second, training is more effective 
when accurate feedback is provided (Adam & Vogel, 2018; da 
Silva & Sunderland, 2010), and the accuracy of AMs is usu-
ally difficult or impossible to assess. Fortunately, both issues 
can be addressed using wearable recording technologies, such 
as wearable cameras. Wearable cameras can automatically log 
personal events from a first-person perspective, providing (a) 
stimuli for training AM and (b) objective records for assessing 
accuracy. Also, there is evidence that wearable camera pho-
tos serve as powerful memory cues that can enhance AM in 
both healthy and memory-impaired individuals (Allé et al., 
2017; Hodges et al., 2011; Silva, Pinho, Macedo, et al., 2016). 
Moreover, these photos are ideal stimuli for memory training 
because they are highly relevant to participants and change 
frequently, enhancing motivation and preventing boredom 
with the training. Thus, to enhance everyday memory in older 
adults, we investigated the use of wearable cameras to train 
temporal-order memory.

A growing body of evidence shows that wearable cam-
era photos are an efficient retrieval cue to AMs (Allé et al., 
2017; Silva, Pinho, Macedo, et al., 2016), including triggering 
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memories for details not present in the photos (Berry et al., 
2007; Silva, Pinho, Macedo, et al., 2017). People often cap-
ture photos documenting various aspects of their daily lives 
and use them later as a means to reminisce about their past. 
However, there is evidence that compared to photos taken 
intentionally; photos captured automatically by a wearable 
camera are more effective as AM cues (Sellen et al., 2007). 
For example, Selwood et al. (2020) found that participants 
who reviewed photos automatically collected by a wearable 
camera recalled more event details than those who reviewed 
photos from a regular digital camera.

Most previous studies exploring the use of wearable cam-
eras as tools for improving memory for life events focused 
on the effects of reviewing the photos on subsequent mem-
ory, without necessarily developing a memory training pro-
tocol. Mair et al. (2017) found that reviewing these photos 
in chronological or random order enhanced recall of the 
reviewed events, with a small but significant effect favoring 
chronological order presentation. The same group (Mair et 
al., 2018) also found that reviewing photos from wearable 
cameras enhanced recall for nonvisual details in the reviewed 
events. Whereas these studies only assessed AM for the 
reviewed events, another study investigated far transfer to 
emotional measures (Silva, Pinho, Macedo, et al., 2017; Silva, 
Pinho, Moulin, et al., 2017). This study found that reviewing 
photos and training in cognitive strategies improved depres-
sive symptoms and perceived functional capacity compared to 
a control group. A fourth study compared three types of event 
review interventions in schizophrenic patients and controls: 
reading verbal descriptions of the events, viewing photos, and 
photo presentation plus talking about the events. They found 
that intervention patients were able to recall as much detail 
about the events as controls (Dassing et al., 2020). Finally, 
Gelonch et al. (2020) investigated individuals with Mild 
Cognitive Impairment who wore a wearable camera for 15 
days while also keeping a daily activity logbook. The results 
showed that regular, repeated reviewing of photos and the 
logbook improved memory for reviewed events.

These studies are important because they pioneered the 
use of wearable camera photos in AM investigation, but 
they were not designed as memory training studies. (a) They 
focused on the effects of simply reviewing photos on mem-
ory, which is a passive form of learning. There is abundant 
evidence that, compared to passive reviewing, testing mem-
ories is a more effective learning method (for a review, see 
Rowland, 2014). This “testing effect” is larger for more 
effortful tests (Rowland, 2014), which supports the idea that 
training tasks should be demanding. (b) Previous studies did 
not assess the accuracy of retrieved AMs, and hence, partici-
pants did not receive feedback regarding their AM retrieval. 

This is problematic because feedback allows participants to 
assess the effectiveness of the strategies they use, and it rein-
forces the use of successful strategies (Zhang et al., 2016). 
(c) Given that previous studies did not assess AM accuracy, 
they could only assess AM improvement using rather qual-
itative measures, such as memory richness. (d) Finally, and 
most importantly, prior studies investigated the effect of using 
wearable cameras on improving AM for specific events (e.g., 
viewing photos of a birthday party enhances memory for the 
birthday party), rather than training AM ability (e.g., train-
ing memory for a birthday party enhances memory for other 
events), which requires assessing AMs for new events after 
training. This is critical because the ultimate goal of cognitive 
training is to enhance cognitive function, rather than perfor-
mance on a particular set of stimuli. The current wearable 
camera-based AM training study addressed the foregoing four 
issues: (a) training consisted of testing memories elicited by 
wearable camera photos; (b) feedback was provided for AM 
retrieval decisions; (c) feedback was based on objective AM 
accuracy measures; and (d) training effects were assessed for 
nontrained AM events that occurred after the training period.

We focused on training temporal-order memory for AM 
events for several reasons. In addition to allowing the assess-
ment of AM accuracy, as wearable cameras time-stamp each 
photo, temporal-order memory is an ideal form of memory to 
train. First, temporal-order memory is a form of context mem-
ory, which is the type of memory most impaired in healthy 
older adults (Folville et al., 2020; Piolino et al., 2002; Spencer 
& Raz, 1995) and the first one to decline in Alzheimer’s dis-
ease (Dubois et al., 2007). Second, temporal-order memory 
is critical in everyday life, and when it fails, consequences 
can be serious (Did I take the pill this morning or was that 
yesterday?). Third, temporal-order memory is highly depen-
dent on control processes (D’Argembeau et al., 2015), which 
are required for relating and ordering life events, and hence, 
training temporal-order memory could have beneficial effects 
for executive functions. Consistent with this idea, patient and 
functional neuroimaging studies show that temporal-order 
memory depends on both frontal and hippocampal regions 
(for reviews, see Clewett et al., 2019; Ranganath & Hsieh, 
2016; Shimamura et al., 1991), and the anatomical and 
functional decline of these regions have been identified as 
major causes of age-related memory decline (for a review, see 
Cabeza et al., 2017). Thus, there are several excellent reasons 
why temporal-order memory is an ideal memory function to 
train in older adults.

As illustrated by Figure 1, the current study consisted of six 
phases: (a) participants visit the lab where they are instructed 
on how to use the wearable camera; (b) they wear the camera 
for a week without training memory, which yields the photos 
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Figure 1. Timeline of the memory training protocol. AM = autobiographical memory; NIH = National Institutes of Health; LC = life-logging; LM = 
laboratory memory; VK = vocabulary knowledge.
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used in the pretraining AM task; (c) they visit the lab for a 
second time, where they provide pretraining measures in an 
AM task (using previous week’s events) and in a LM task 
(using generic images); (d) participants train at home for four 
to five weeks in the AM task, LM task, or the vocabulary 
knowledge (VK) task (only the AM group wears the cam-
era); (e) they stop training but wear the camera for another 
week (all three groups), which yields the photos for the post- 
training AM task; and (f) they visit the lab for the third time, 
where they provide post-training measures of AM (previous 
week’s events) and LM.

The analyses focused on changes between pre- and 
post-training memory measures in the three groups. Given 
that events (AM) and stimuli (LM) assessed by these mea-
sures were never trained; the post–pre difference reflects 
changes in memory ability rather than the learning of specific 
information. Based on our assumptions that memory train-
ing transfers better within than across types of memory, we 
predicted an interaction between types of training and mem-
ory tasks: AM training would enhance AM better than LM 
training, whereas LM training would enhance LM better than 
AM training. We did not expect the control VK training task, 
which targets crystallized language ability, would enhance 
either memory task. Additionally, we investigated the poten-
tial transfer of memory training to neuropsychological mea-
sures (NIH Toolbox).

Method
Participants
Data from 75 participants were collected: six did not com-
plete the study due to personal reasons that did not allow for 
commitment to a long study; five were unable to follow the 
instructions by themselves at home; four could not complete 
the study due to equipment problems; and three had the study 
interrupted due to the COVID-19 outbreak. The final sample 
included 57 participants (43 women), from 55 to 80 years old 
(M = 64.35, SD = 6.78), divided into three groups: AM train-
ing group (AM = 19), LM training group (LM = 21), and VK 
training group (VK = 17). Potential participants were screened 
for self-reported history of neurological or psychiatric issues, 
dementia or Mild Cognitive Impairment, and inability to read 
or understand English. Participants gave written informed 
consent for a protocol approved by the Duke University 
Institutional Review Board. Additional information regard-
ing procedures, details about the use of the wearable camera, 
and data analysis are included in the Supplementary Material.

Materials
Participants received a wearable camera (Narrative Clip 2; 
www.getnarrative.com), which was programmed to take one 
photo per minute. They also received a laptop, which included 
custom-made software for downloading the photos from the 
wearable camera, processing the photos, and presenting the 
training task.

Tasks
NIH Toolbox.

Before and after training, participants completed the NIH 
Toolbox Cognitive Battery (Heaton et al., 2014), which 
includes seven individual instruments to assess five cognitive 
subdomains: language, executive function, episodic memory, 

processing speed, and working memory. From these individ-
ual measures, two composite scores are derived, Fluid and 
Crystallized Cognition, which allow for an evaluation of 
overall cognitive functioning and are more reliable than indi-
vidual measures. For each individual and composite measure, 
the NIH Toolbox provides four different normative scores. 
Since we are interested in monitoring changes in performance 
over time, we used the Age Corrected Standard Score in our 
analysis (National Institutes of Health & Northwestern 
University, 2016).

Autobiographical memory task.

This task measured temporal-order memory for AM events, 
assessing the participant’s ability to determine which of two 
past AM events happened more recently. The two events hap-
pened during the week before pre- and post-training sessions, 
but they could have happened up to two weeks apart during 
training. Figure 2A displays the structure of each trial, which 
started with a fixation cross (0.8 s) and was followed by two 
5-s clips (0.25 s between them), one on the left and one on the 
right of the screen. Each clip consisted of five photos of one 
event (1 s each). The clip being presented was highlighted by 
a white frame to ensure that participants looked at the correct 
side of the screen. After the two clips, the question “Which 
one of the events below is the most recent?” appeared at the 
top of the screen, and participants answered by touching the 
corresponding side of the screen. During the training phase, 
feedback was provided in the form of a green check mark 
(correct) or a red “x” (incorrect). Participants performed a 
maximum of 60 trials in each training session.

Laboratory memory task.

The LM is a typical temporal-order experimental task with 
an encoding phase and a retrieval phase (Figure 2B). During 
the encoding phase, the participants viewed two lists of 30 
scenes, separated by 10 trials of an unrelated task (VK task) 
to facilitate temporal-order decisions. Each list started with 
a screen indicating the list number, which was followed by 
scenes presented for 3 s each and separated by a 0.8-s fix-
ation cross. The scenes (photos of landscapes, street views, 
parks, etc.) were selected from an image database, and par-
ticipants were instructed to memorize them. In the test phase, 
which occurred immediately after, participants viewed the 60 
encoded scenes in random order, and for each one, they indi-
cated their corresponding list by touching the list number on 
the screen. During the training phase, participants were pro-
vided feedback, which was identical to that in the AM task. A 
different set of 60 scenes was presented every time the partic-
ipant performed the LM task. The scenes were not repeated 
across lists in the LM condition. Each scene was presented 
only once.

Vocabulary knowledge task.

In each trial of the VK task (Figure 2C), a word defini-
tion was presented on the top half of the screen (e.g., “quick 
judging and understanding”) and three word options on the 
bottom half of the screen (“perspicacity,” “acumen,” “shrewd-
ness”). Participants selected the option they believed matched 
the definition by touching the word on the screen. During the 
training phase, feedback was identical to the AM and LM 
tasks. A different set of 60 definitions and words was used 
every time the participant performed the task. The VK task 
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was selected as the control task for three reasons: (a) we did 
not expect that training on the VK task would enhance either 
the AM or LM tasks; (b) the VK was approximately matched 
to the AM and LM task in terms of time and demands during 
the training sessions at home; and (c) it is perceived by sub-
jects as a good memory training task. Not being aware of 
the distinction between episodic and semantic memory, many 
older adults believe that tasks tapping semantic memory, such 
as crossword puzzles, help them prevent age-related memory 
decline (Hertzog et al., 2010; Horhota et al., 2012). Thus, 
we assumed that the VK task would be a good control for 
placebo effects.

Results
Participant, Stimuli, and Reaction Time Data
As shown in Table 1, there were no significant differences 
between the three groups in age (p = .127) or education 
(p = .729). Before training, there were also no significant 

differences in number of photos taken (p = .158), number 
of useful photos (p = .723), number of events recorded by 
the wearable camera (p = .431), or reaction times in AM 
(p = .895) and LM (p = .815) tasks. There was, however, a 
difference in gender distribution between the control group 
(VK) and the experimental groups (AM and LM), with the 
control group including more women.

Effects of Training on Memory Performance
Before turning to the critical AM and LM training conditions, 
we focused first on the control VK training condition. We did 
not predict that this training condition, in which participants 
practiced a semantic memory task, would enhance episodic 
memory performance in either AM or LM tasks. As expected, 
the VK group did not show improvement in either the AM 
task (t(16) = 0.354, p = .728) or the LM task (t(16) = 0.19, 
p = .852; Figure 3C). This result is important because it 
demonstrates that the mere act of practicing a task perceived 
as potentially beneficial to memory does not produce a pla-
cebo effect on the two experimental tasks investigated (AM 
and LM). Thus, it is unlikely that the effects of AM and LM 
training on these tasks can be attributed to a placebo effect.

Turning to the critical AM and LM training groups, we 
investigated our main prediction that memory training 
effects would be stronger within than across memory types. 
In other words, we predicted that AM performance would 
be improved (pre- vs. post-training) more by AM than LM 
training, whereas LM performance would be enhanced to 
a greater extent by LM than AM training. To investigate 
this predicted interaction, we performed a three-way mixed 
ANOVA with Training Effect (pre vs. post) and Memory Type 
(AM task vs. LM task) as within-subject factors and Training 
Type (AM training vs. LM training) as a between-subject fac-
tor. Confirming our prediction, we found a significant three-
way interaction (F(1,92) = 4.122, p = .045). There were also 
significant main effects of Training Effect (F(1,92) = 4.895, 
p = .029) and Memory Type (F(1,92) = 28.287, p < .001). 
The main effect of Training Type was not significant 
(F(1,92) = 0.757, p = .386; Figure 3A and B).

Effect of Memory Training on Global Cognitive 
Measures
Although we did not expect a substantial transfer of  
temporal-order memory training on global cognitive mea-
sures, we explored this possibility using a neuropsychological 
test battery (NIH Toolbox) that yields Fluid and Crystallized 
Cognition composites. For the Fluid Cognition compos-
ite measure, there was a significant main effect of Training 
Effect, F(2, 48) = 26.007, p < .001, n²p = 0.351, with both 
AM (p = .04) and VK (p = .014) training groups showing 
significant improvement from pre- to post-training measures 
(Figure 4A). For the Crystallized Cognition composite mea-
sure, there was a significant main effect of Training Effect, 
F(2,48) = 6.804, p = .012, n²p = .124 (Figure 4B). Given that 
the neuropsychological tasks used before and after training 
were identical and they were separated by only six weeks, 
these improvements in performance most likely reflect prac-
tice effects.

Exploratory Analyses on Factors Modulating AM 
and LM Performance
As noted in the Methods section, in addition to the main 
analyses focused on memory training, we also explored three 
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factors potentially modulating memory performance: (a) the 
delay between the encoding of the AM event or LM stimu-
lus and the AM or LM task, respectively, (b) the duration of 
the original AM event in “real life,” and (c) the lag between 
the two AM events in each temporal-order AM trial. These 
results are displayed in Figure 4.

The effect of encoding-retrieval Delay was significant in 
AM performance t(31,053.985) = 22.835, p < .001, with bet-
ter accuracy for shorter (M = 0.846, SD = .361) than longer 
(M = 0.744, SD = 437) delays (Figure 5A). Likewise, Delay 
had a reliable effect on LM accuracy, t(15,434.294) = 10.401, 
p < .001, with better accuracy for shorter (M = 0.931, 
SD = 0.253) than longer (M = 0.884, SD = .32) delays 
(Figure 5B). Turning to the original AM event Duration (time 
between the first and last photo of an AM event), the trials 
were sorted into LL (both events longer than the median), 
SS (both events shorter than the median), and LS (one event 
longer and the other shorter than the median). Comparing 
these types of trials, there was a significant difference in accu-
racy in the AM task, F(2, 21,461) = 3.322, p = .036 (Figure 
5C). Trials in which both events were longer (M = 0.807, 

SD = 0.394) were more accurate (p < .031) than trials in 
which one of the events was shorter (M = 0.79, SD = 0.407). 
There was no significant difference between the other combi-
nations of trial types. Finally, the Time Lag between the two 
events in AM task trials significantly enhanced performance, 
t(28,990.386) = 39.364, p < .001, with better accuracy for 
longer (M = 0.881, SD = 0.324) than shorter (M = 0.708, 
SD = 0.455) lags (Figure 5D).

Discussion
Given older adults’ significant deficits with event memory in 
everyday life, a variety of memory training programs have 
been developed to rehabilitate memory in this group. Most of 
these programs have focused on training memory for lab stim-
uli (LM) rather than memory for everyday life events (AM). 
Unfortunately, transfer of training across types of memory is 
limited (Greenwood & Parasuraman, 2016; McDaniel & Bugg, 
2012; Schwaighofer et al., 2015). Thus, instead of using a tra-
ditional LM training method and seeking transfer from LM 
to AM, we focused on directly training AM. Training AM is 

Table 1. Summary of Demographic, Camera, and Reaction Time Data for Each Group

Participant information AM LM VK

(n = 19) (n = 21) (n = 17)

Age (years), M (SD) 63.5 (7.5) 62.8 (5.6) 67.1 (6.7)

Gender (%)

 � Female 68.4 66.7 94.1

 � Male 31.6 33.3 5.8

Education, n

 � 1 year of college/technical training 0 1 0

 � 2 years of college/technical training 4 3 2

 � 3 years of college/technical training 0 2 0

 � 4 years of college/technical training/bachelor’s degree 7 6 7

 � Postgrad work 1 2 1

 � Master’s degree 5 6 6

 � Doctoral degree 2 1 1

Photos taken, M (SD) 309.6 (72.6) 346.6 (81.5) 370.6 (124.5)

Useful photos, M (SD) 209.6 (58.7) 225.5 (61.7) 223.6 (77.9)

Events, M (SD) 10.4 (2.4) 11.3 (3.2) 11.9 (4.4)

RT AM task (s), M (SD) 6.4 (3.1) 7.02 (4.3) 6.9 (3.3)

RT LM task (s), M (SD) 1.1 (0.3) 1.1 (0.5) 1.2 (0.3)

Notes: AM = autobiographical memory; LM = laboratory memory; RT = reaction time; SD = standard deviation; VK = vocabulary knowledge.

Figure 3. Performance before and after training in the AM task and the LM task for the autobiographical memory training group (A), laboratory memory 
training group (B), and vocabulary knowledge training group (C). Error bars indicate standard error of the mean.
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difficult, but it has been facilitated by new wearable technology, 
such as wearable cameras. As mentioned before, some studies 
investigated using wearable camera photos to improve AM, 
but these were limited in that they only tested improvement in 
memory for reviewed AM events, rather than improvement of 
AM ability. In contrast, we developed an AM training protocol 
that aimed to improve AM ability, and we tested whether AM 
was enhanced for events that occurred after the training period. 
We focused on temporal-order memory and compared training 
temporal-order memory for AM events using wearable camera 
photos versus training temporal-order memory for LM stimuli 
(generic scenes from an image database).

As predicted, we found a significant interaction indicat-
ing that AM performance was enhanced to a greater extent 

by AM than LM training, whereas LM performance was 
improved more by LM than AM training. This result suggests 
that if the goal is to enhance older adults’ memory in the real 
world, it is better to directly train their memory for their per-
sonal life events (AM training) than to train their memory for 
simple laboratory stimuli (LM training). In addition to the 
interaction between types of training and types of tasks, we 
also found an effect of time lag on the accuracy of AM and 
LM temporal-order memory decisions. The two findings are 
discussed in separate sections below.

Effects of Training on Memory Performance
The main finding of this study was the interaction between 
types of training and types of memory tasks: AM training 
transferred better to AM performance whereas LM training 
transferred better to LM performance. This result is consistent 
with the transfer-appropriate processing principle (Morris et 
al., 1977), which states that memory is a function of the sim-
ilarity between encoding and retrieval operations. Although 
this principle has been supported by plenty of experimental 
memory studies (McDaniel et al., 2013; Rohrer et al., 2010; 
Veltre et al., 2014; see Pan & Rickard, 2018 for a review), 
it has not been followed by most memory training studies. 
These studies typically train cognition using laboratory para-
digms and stimuli and seek to improve cognition in very dif-
ferent conditions from those in the real world. The results 
show that, unfortunately, the transfer from laboratory train-
ing to cognition in the real world is small. Our approach was 
to bypass this issue and train the specific ability we aimed to 
improve: temporal-order memory for AM events. The interac-
tion we found supports this approach.

Which differences between AM and LM explain the  
transfer-appropriate processing effect observed in the current 
study? Although participants were not explicitly instructed by 
the task to recall the presented events in detail, the study is 
based on the premise that, depending on the temporal distance 
between the presented events, they must engage in reconstruc-
tive processes to respond to the task (Friedman, 2004). In a 
temporal-order decision task, participants are expected to 
use contextual detail reconstruction processes for events that 
occurred very close to each other to identify elements that 
help them remember when each event took place and which 
one was more recent. While this study does not provide direct 
evidence regarding this question, the differences between 
AM and LM processes have been previously discussed in 
the literature (Cabeza et al., 2004; McDermott et al., 2009). 
In an fMRI study (Cabeza et al., 2004), we noted that emo-
tional content, visuo-spatial content, recollection, and self- 
referential processing tend to be higher for AM than LM. 
Consistent with the latter, differences in neural activity in 
regions associated with visual processing (visual cortex), 
recollection (hippocampus), and self-referential processing 
(medial prefrontal cortex) were greater for AM than for LM. 
A meta-analysis by McDermott et al. (2009) confirmed these 
differences and found additional ones. Given these various 
dissimilarities in cognitive operations and neural mechanisms 
between AM and LM, it is not surprising that transfer of 
training is better within than across these types of memory.

Effect of Time Lag on AM and LM
In addition to testing our hypothesis of differential transfer 
between AM and LM, we also explored the effects of vari-
ables that could potentially affect temporal-order memory 

Figure 4. Performance before and after training in the fluid (A) and 
crystallized (B) intelligence composite measures of the National 
Institutes of Health (NIH) Toolbox.

Figure 5. Effect of encoding-retrieval delay on the AM task (A); effect 
of encoding-retrieval delay on the LM task (B); effect of original event 
duration on the AM task (C); and effect of time lag between events 
on the AM task (D). In graphs A and B, events were coded as longer 
or shorter in relation to sample mean. In all graphs, error bars indicate 
standard error of the mean. AM = autobiographical memory; LM = 
laboratory memory.
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performance. We found that (a) AM and LM performance 
was better for recent events than older events, (b) AM per-
formance was superior for longer than shorter events, and 
(c) temporal-order judgments were more accurate for longer 
than shorter lags between AM events. The first two findings 
are rather expected: the first finding is explained by greater 
forgetting of older events (Radvansky et al., 2022), and the 
second most likely reflects better memory for events with a 
richer memory trace. In contrast, the third finding deserves 
some discussion.

As noted above, the time lag between the events being 
compared in temporal-order decisions is typically longer for 
AM (days, months, years) than for LM (seconds, minutes). 
This time lag effect can be explained by the two main types 
of processes mediating temporal-order memory decisions: 
reconstruction and distance processes (Curran & Friedman, 
2003; Deker & Pathman, 2021; Friedman, 1993, 2004; St 
Jacques et al., 2008). Reconstruction processes involve 
retrieving contextual details and using them to infer the order 
of past events, whereas distance processes rely on the relative 
strength of the memory traces. In an fMRI study, we asked 
participants to take photos of different campus locations (St 
Jacques et al., 2008), and then we scanned them while mak-
ing temporal-order decisions. We hypothesized that temporal- 
order decisions for shorter lags would be more dependent 
on recollection-based reconstruction processes, whereas  
temporal-order decisions for longer lags could be partly medi-
ated by familiarity-based distance processes. A time lag effect 
was found, and consistent with our hypothesis, shorter-lag 
decisions elicited greater hippocampal activation and left pre-
frontal cortex (PFC), while longer-lag decisions differentially 
engaged the right prefrontal cortex. Given that aging impairs 
recollection more than familiarity (Levine et al., 2002), these 
results suggest it is better to use shorter time lags when train-
ing temporal order memory in older adults. In the current 
study, AM time lags between events compared were separated 
by less than two weeks, which is relatively short for AM.

Caveats
It is important to mention a few caveats regarding the study. 
First, the VK control group had a greater proportion of 
women than the AM and LM control groups. This gender 
imbalance does not affect the main finding of the study that 
AM training was better for AM and LM training for LM 
because these two groups were matched in gender. Second, 
our sample size was rather small, with each group containing 
fewer than 20 participants. Clearly, the results of the current 
study should be replicated by wearable camera studies with 
larger samples. Finally, the temporal-order tasks in the AM 
and LM conditions were not perfectly matched. In the AM 
condition, participants made recency judgments, whereas in 
the LM condition, they made List 1/List 2 judgments. We 
chose the latter task as representative of the temporal-order 
LM experiments, and we do not believe the small method-
ological difference between recency versus list judgments can 
explain the differential effects of AM and LM training. At 
any rate, this is an issue worth investigating in future studies.

Conclusion
In summary, the results of this study demonstrate that it is 
feasible to train memory using wearable technology and 
realistic stimuli. This approach may offer advantages over 

traditional memory training methods that use laboratory par-
adigms and stimuli (LM). Since the primary goal of memory 
training is to enhance memory in everyday life, or AM, our 
finding that training AM using wearable camera photos led to 
better transfer to AM performance than training LM suggests 
that the novel approach described in this study could be pref-
erable in certain cases. Additionally, this study stands out for 
its innovative approach of allowing participants to perform 
the training at home, using stimuli that are more relevant and 
personally meaningful to each individual.

The current study provides the first evidence that training 
AM is better at enhancing memory for everyday life events 
than the dominant method of training using laboratory 
stimuli. The use of wearable technology allowed us to train 
AM directly, bypassing the difficulty of obtaining signifi-
cant transfer from LM training to AM tasks. We focused on 
temporal-order memory, which simplified the assessment of 
accuracy and the provision of feedback. Future investigations 
could expand trained AM domains, from temporal-order 
memory (when) to other forms of context memory (where, 
how, who, etc.).
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