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Our brains grant us the amazing ability to remember and relive the
events from the past—however, memory for these events tend to
worsen as people get older. Our memories serve several important
functions, helping us to guide our future actions, connect with others,
and understand ourselves. As a result, memory loss can greatly
impact the lives of both those who lose their memory and their
loved ones. Fortunately, there are things that people can do to help
support memory as we age! For example, by combining smartphone
technology and findings from decades of memory research, scientists
can develop new and exciting tools to improve memory. In this
paper, we will describe some of our work creating and testing a
smartphone application that helps older adults better remember the
unique moments from their lives.
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KALLIE
AGE: 13

EPISODIC MEMORY

Memory for specific
events that people have
personally experienced.

HIPPOCAMPUS

A seahorse-shaped
brain region that is
important for
supporting
episodic memory.

MEMORY AND FORGETTING: WHAT IS NORMAL AND WHAT
IS NOT?

Let us try a little exercise! Take a minute to reflect upon some events
from your life. Can you remember what you had for dinner yesterday?
A fun day you had at an amusement park? How about when you
learned about something fascinating in school?

As you reflect on these memories, you will likely find that details for
these events come flooding back. This might include who was there,
what you were doing, where you were, and when the event took place.
The ability to remember personal events like these is called episodic
memory. One famous scientist even called episodic memory “the time
machine in the brain”, because it allows people to re-experience past
events in the mind’s eye [1]. Episodic memories are critical for helping
people make decisions in the future (e.g., ‘I tried hummus for the first
time yesterday and it was great—I will make sure to get it next time!”),
connect with others (“That was the tallest roller coaster | have ever
been on—I| need to make sure | tell my friend Jenny next time | see
her!”), and better understand who we are (“l loved learning about the
brain—I am really passionate about neuroscience!”).

Episodic memory is separate from other types of memory, such
as semantic memory or procedural memory. Semantic memory is
memory for facts and general knowledge about the world, such
as knowing the capital city of Canada, while procedural memory is
memory for how to perform actions or motor skills, such as knowing
how to ride a bicycle.

One brain region that is particularly important for supporting episodic
memory is the hippocampus, a seahorse-shaped structure buried
about 1.5 inches deep inside the brain on each side of the head
(Figure 1). The hippocampus is critical for preserving episodic
memories as they are first being learned. If someone’s hippocampus
is not working properly, their semantic and procedural memory will
be largely unaffected, but they will have difficulty forming episodic
memories for new events. Interestingly, memories for events that
took place when the hippocampus was healthy would likely still be
remembered because older memories become less reliant on the
hippocampus with time. If you want to learn more about a famous
patient who helped us learn about the role of the hippocampus in
memory, check out this Frontiers for Young Minds article.

Forgetting is not necessarily a bad thing though—as you were thinking
back on your life events a moment ago, you likely experienced
some forgetting yourself. For example, do you remember what
shirt you were wearing in your memory of learning something
interesting at school? Forgetting is a completely normal process
that is actually useful because people do not need to hold onto
every single piece of information that they encounter. However, as
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Figure 1

This is a side view of
the brain with the
hippocampus in teal. In
the box, you can see an
outline of the
hippocampus
compared to one of a
seahorse—the name
hippocampus comes
from the Greek word
for seahorse because
of their similar shape.
Brain image adapted
from Gray's Anatomy of
the Human Body
(1918).

DEMENTIA

A term describing
decline of cognitive
function, including
memory, language, and
decision-making, that
is severe enough to
affect daily living. This
results from diseases
affecting the brain, like
Alzheimer's disease.

PHOTO-TAKING-
IMPAIRMENT
EFFECT

A phenomenon in
which people show
poorer memory for
information that they
photograph compared
to information that they
do not photograph.

Hippocampus

A brain region that is important
for supporting episodic memory
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people age into older adulthood, they may notice that their episodic
memory starts to decline, making it more difficult to relive past
events. This is because, after approximately age 65, the hippocampus
tends to dramatically decrease in size. Episodic memory problems
can be especially severe for those with conditions that affect the
hippocampus, including dementias like Alzheimer's disease. Given the
importance that episodic memories hold in people’s lives, losing the
ability to remember past events can make people lose confidence in
themselves, isolate from others, and experience depression.

HOW CAN PEOPLE PRESERVE THEIR MEMORIES?

The good news is that people can take steps to protect against
memory loss. It is estimated that over 40% of dementias could be
prevented or delayed by lifestyle changes, such as increasing exercise,
improving diet, and reducing smoking and alcohol consumption
[2]. Additionally, keeping engaged with new activities can improve
memory and promote healthy aging.

Moreover, people can use technologies to better remember the
activities they participate in. In fact, one powerful piece of technology
can be found in many people's pockets or bags—a smartphone!
Smartphones can perform a wide variety of functions that can benefit
memory, including keeping in contact with others, setting reminders,
and making information available. One feature that people commonly
use to help preserve their memories of specific events is the camera.
You have probably taken a picture or video of an event that you wanted
to commemorate, and with smartphones being so commonplace,
many people can easily do so.

However, research suggests that people may need to be careful,
because taking photos can actually impair memory. This is called
the photo-taking-impairment effect, where information that is
photographed is remembered more poorly than information that is not
[3]. What might explain this? It could be that people pay less attention
to the event itself because they are too concentrated on taking a good
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LEVEL OF
PROCESSING

A term describing the
amount of effort and
engagement people
put into remembering
something—people are
more likely to
remember information
when they use deep vs.
shallow levels

of processing.

MASSED PRACTICE

A learning strategy in
which people review
information in a single,
long study session, like
cramming for a test.

DISTRIBUTED
PRACTICE

A learning strategy in
which people review
information in multiple,
short study sessions
over time. This is more
effective for long-term
retention than

massed practice.

photo. They might also feel less motivated to focus on an event in
great detail because they know they have a photo to jog their memory
later—however, as we take and collect more and more photographs, it
becomes harder to find a specific photo to cue a given memory.

Fortunately, using smartphones to take photos or videos of an
event does not necessarily need to impair memory. For decades,
scientists have been studying different strategies that people can
use to improve memory. By taking what scientists know about how
people best remember, scientists can actually use photos or videos to
benefit memory.

For example, one important aspect to keep in mind when first trying
to remember something is the level of processing, which describes
how much effort and engagement a person puts into remembering.
This can range from shallow to deep, and people are better able to
remember information if they engage with it using deeper levels of
processing. As you are reading this article, let us say that you want to
remember that episodic memory allows people to remember specific
personal events. If you are engaging with the material at a deep level,
you will focus on how what you learn relates to other things you know,
such as how episodic memory compares to other types of memory. If
you are engaging with the material on a shallow level, you might focus
on more superficial aspects, such as the shapes or sounds of the letters
in the words “episodic memory”. Although it often takes more time and
effort to engage in deep levels of processing, it is an effective strategy
to boost memory.

Additionally, when people need to study material, the way they study
can impact memory of what they learn. To understand this, let us
pretend that you have a big test in a week, for which you must
remember a lot of information. One way you might study is by trying to
cram—to review everything you need to know for the test on the day
before. This is referred to as massed practice, in which you review a lot
of information in a single study session. On the other hand, you could
break up what you need to know and study smaller amounts every
day in the week leading up to the test. This is referred to as distributed
practice, in which you review information in multiple study sessions
spaced out over time. Massed practice might be sufficient if you only
need the information for a short period of time, but distributed practice
helps you retain information for much longer.

COMBINING SMARTPHONE TECHNOLOGY AND MEMORY
SCIENCE

Our research group developed a smartphone application called
HippoCamera (Figure 2) to help overcome the photo-taking-impairment
effect. With HippoCamera, users record and review cues for life events
using key strategies and best practices fromm memory science [4]. This
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Figure 2

(A) HippoCamera
guides users to

record a video snippet
and an audio
description of an event
they wish to remember.
(B) HippoCamera then
combines these into a
powerful cue, which
can be replayed using
effective learning
strategies. (C) Our
experiments showed
that participants
recalled over 50% more
details for events that
were recorded and
reviewed using
HippoCamera. This was
accompanied by
changes in how
memories were stored
in the hippocampus. In
the figures, Early Test
refers to memory
during or immediately
after using
HippoCamera, while
Delayed Test refers to
memory 3 months after
participants stopped
using the app.

makes it different from simply using a smartphone to capture photos
and videos in the typical way. When a user has an event that they
wish to remember, they stop to capture a video snippet and an audio
description of the event. This multistep process makes users stop to
think about the event and why itis important. In this way, HippoCamera
forces a deep level of processing and makes people pay more attention
to the events of their lives.
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To create a memory cue, HippoCamera combines the audio
description and a sped-up version of the video, providing a lot of
distinctive information about the recorded event. This helps people
to mentally travel back in time to re-experience it. HippoCamera puts
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together replay sessions that show up to five memory cues, and users
can review these in their free time. Each cue is played in multiple replay
sessions that are spaced out over time, meaning that HippoCamera
uses the principle of distributed practice to preserve these memories
for the long term. Altogether, recording and replaying events with
HippoCamera can be done in a few minutes each day.

In two experiments, we had older adults use HippoCamera for either
2 or 10 weeks, to record and replay events from their daily lives.
Later, when we asked them to describe these events, we found that
participants were able to recall over 50% more details for events
that were recorded and reviewed using HippoCamera. These memory
benefits were seen even 3 months after users stopped using the app.
By using functional magnetic resonance imaging to measure brain
activity, we also found that reviewing memory cues with HippoCamera
changed the way that participants’ memories of those events were
stored in the brain. Specifically, we found enhanced activity in the
hippocampus, with memories being made more distinct from one
another. This means that memories were less likely to be confused
with one another, making them easier to recall in great detail. Our
work provides an example of how new tools can be created that
combine scientific research and technology to help people improve
their memories.

SUMMING ITALLUP

Memories make people who they are, so creating solutions to improve
memory can significantly benefit the lives of those affected by memory
loss. One way to create easy-to-use, effective, and inexpensive tools
that support memory is by using the technologies that people interact
with daily, like smartphones. By combining the current scientific
understanding of memory with modern technology, researchers can
create new and exciting innovations that complement how the
memory system works, helping people to better re-experience the
moments that make their lives meaningful.
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YOUNG REVIEWERS

ANNIE, AGE: 13

I am a 7th-grade student who loves learning about new things! | love learning about
new opportunities. In my free time | love to make things for others, whether out
of paper or clay, | love to make others happy. While in school my favorite subjects
are math and science because | am fascinated by what | do not know and | feel
| learn so much in those classes and | hope to learn more through Frontiers for
Young Minds!

APARNA, AGE: 10

Aparna is an intelligent child, with an inquisitive mind. She loves to pursue medicine
in future. During her free time she enjoys playing with her friends. She currently lives
with her parents in India.

CARINA, AGE: 12

| have many interests including soccer, music, reading, math, and science. | find
science very fascinating, especially biology. My dream is to work in medicine. |
am very interested in how our bodies work well and malfunction; | want to help
people in the future achieve their best health. | am quite intrigued about how
technology will improve our abilities to detect illness earlier and track how well
therapies are working.

CHAITRA, AGE: 8

Chaitra is a 8 year old girl. She is interested to watch experiments in science and
visiting museums. She loves art, and dance. During her free time she enjoys reading
Novels. She currently lives with her parents in India.

ELIZABETH, AGE: 13

| am a 7th grader and science and math are two of my favorite subjects. | hope to
someday become an architect or engineer. Outside of this, | enjoy reading and art
as well as true crime podcasts.

ISAAC, AGE: 12

| am a 7th grader. | enjoy doing math, playing and composing on the piano, and
performing in musicals. | also like to code using Python, and to read. Recently, |
played Pinocchio in my school's production of Shrek. Right now, chances are that |
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am eating, sleeping, or at school. | enjoyed reviewing this article and am very happy
with how it was changed in response to our reviews.

KALLIE, AGE: 13

| am a 7th grader. | enjoy playing lacrosse on my team! | enjoy learning about
neuroscience and | am interested in iPS cells. | participate in debate workshops. Some
of my other hobbies are painting, reading, using Pinterest, and creating digital art! |
am fascinated by butterflies, and all cats big and small. | am a member of my school’s
student council and school council. | love writing poetry and even won an award for
one of my poems.
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