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Characterizing Strategy Use During
the Performance of Hippocampal-
Dependent Tasks

lan A. Clark, Anna M. Monk and Eleanor A. Maguire*

Wellcome Centre for Human Neuroimaging, UCL Queen Square Institute of Neurology, University College London, London,
United Kingdom

Recalling the past, thinking about the future, and navigating in the world are linked with
a brain structure called the hippocampus. Precisely, how the hippocampus enables these
critical cognitive functions is still debated. The strategies people use to perform tasks
associated with these functions have been under-studied, and yet, such information could
augment our understanding of the associated cognitive processes and neural substrates.
Here, we devised and deployed an in-depth protocol to examine the explicit strategies
used by 217 participants to perform four naturalistic tasks widely acknowledged to
be hippocampal-dependent, namely, those assessing scene imagination, autobiographical
memory recall, future thinking, and spatial navigation. In addition, we also investigated
strategy use for three laboratory-based memory tasks, one of which is held to
be hippocampal-dependent — concrete verbal paired associates (VPA) — and two tasks,
which are likely hippocampal-independent — abstract VPA and the dead or alive semantic
memory test. We found that scene visual imagery was the dominant strategy not only
when mentally imagining scenes, but also during autobiographical memory recall, when
thinking about the future and during navigation. Moreover, scene visual imagery strategies
were used most frequently during the concrete VPA task, whereas verbal strategies were
most prevalent for the abstract VPA task and the dead or alive semantic memory task.
The ubiquity of specifically scene visual imagery use across a range of tasks may attest
to its, perhaps underappreciated, importance in facilitating cognition, while also aligning
with perspectives that emphasize a key role for the hippocampus in constructing
scene imagery.

Keywords: cognitive strategies, visual imagery, hippocampus, scene construction, autobiographical memory,
future thinking, navigation, individual differences

INTRODUCTION

We recall our past experiences in the form of autobiographical memories, and are also able to
imagine potential future events. Along with spatial navigation (O'Keefe and Nadel, 1978; Maguire
et al.,, 2000; Ekstrom et al., 2003; Moser et al., 2008), these cognitive functions have been linked
with a brain structure called the hippocampus (Scoville and Milner, 1957; Tulving, 1985; Klein
et al., 2002; Svoboda et al., 2006; Addis et al.,, 2007; Verfaellie and Keane, 2017). Views differ
on the precise role played by the hippocampus in supporting these seemingly disparate cognitive
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functions (e.g., Schacter et al., 2012; Maguire and Mullally, 2013;
Moscovitch et al., 2016; Ekstrom and Ranganath, 2018).

One suggestion is that what these cognitive functions have
in common is the prominent involvement of scene visual imagery
(Hassabis and Maguire, 2007; Maguire and Mullally, 2013; see
also, Rubin and Umanath, 2015; Robin, 2018 for related theoretical
viewpoints). A scene is a naturalistic three-dimensional, spatially
coherent representation of the world typically populated by
objects and viewed from an egocentric perspective (Dalton
et al., 2018). The ability to construct scene visual imagery is
impaired in patients with bilateral hippocampal damage (Hassabis
et al., 2007a; Rosenbaum et al., 2009; Andelman et al., 2010;
Race et al, 2011; Mullally et al, 2012; Maguire and Mullally,
2013), while imagination of single objects remains intact (Hassabis
et al., 2007a). Similarly, neuroimaging studies have consistently
reported hippocampal engagement when healthy participants
imagine visual scenes in comparison to, for example, single
objects (Hassabis et al., 2007b; Andrews-Hanna et al., 2010;
Zeidman and Maguire, 2016; Barry et al., 2018; Clark et al., 2018;
Dalton et al.,, 2018; Palombo et al., 2018; Robin, 2018).

A recent examination of people’s ability to imagine scenes,
recall their autobiographical memories, think about the future,
and navigate showed that the capacity to construct scene visual
imagery mediated performance across tasks assessing these
functions (Clark et al., 2019). Furthermore, responses on
questionnaires probing scene visual imagery were found to have
a significant association with performance on scene imagination,
autobiographical memory, and future thinking tasks (Clark and
Maguire, 2020). Although findings such as these indirectly
implicate scene visual imagery across what might be regarded
as “naturalistic” hippocampal-dependent tasks, there is a dearth
of studies directly examining the explicit strategies people actually
use during their performance (Andrews-Hanna et al.,, 2010).

In contrast to naturalistic tasks like autobiographical memory
recall, the use of cognitive strategies during simpler, laboratory-
based memory tasks, such as word list learning, has been studied
more extensively. In this domain, strategies have been found
to differ in terms of their modality, including visual imagery
and verbal strategies involving sentences or stories, and in their
complexity, ranging from simple strategies like rote repetition
to more complex strategies, involving bizarre and distinct visual
imagery and interactive visual scenes (Roberts, 1968; Paivio,
1969; Boltwood and Blick, 1970; Bower, 1970; Stoft and Eagle,
1971; McDaniel and Kearney, 1984; Kroll et al., 1986; McDaniel
and Einstein, 1986; Einstein and McDaniel, 1987; Marschark
and Hunt, 1989; Logie et al., 1996; Hertzog et al., 1998; Dunlosky
and Kane, 2007). Within the realm of laboratory-based studies,
suggestions have also been offered about methods for investigating
strategy use. One recommendation is that strategy data should
be collected using “think aloud” protocols on a trial-by-trial
basis, that is, by asking participants to report what is going
through their minds as they are performing the task in question
(e.g., Ericsson and Simon, 1980). Advantages of this concurrent
approach include reduced forgetting of the strategies used
(e.g., Dunlosky and Hertzog, 1998; Dunlosky and Hertzog, 2001)
and the scope for participants to report the use of multiple
strategies (e.g., Siegler, 1988).

It is difficult, however, to extrapolate this method directly
to naturalistic tasks, such as autobiographical memory recall
and future thinking. For example, it is simply not possible to
have a participant describe a memory or a future scenario
out loud while simultaneously reporting the strategies they
used to do so. Moreover, compared to laboratory-based tasks,
it is difficult to define what constitutes a specific trial, because
each scene, memory, or future scenario description can last
for several minutes. While one could ask about strategy use
at different points within the description, this would likely
disrupt the narrative flow, as well as these requests being
arbitrary in their occurrence. It is also usually the case that
established protocols for interrogating strategies are typically
designed to elicit information about a single task. This presents
a challenge when investigating strategy use across multiple
tasks performed by the same participants, because probing
strategies for one task could then influence how subsequent
tasks are performed (Dunlosky and Hertzog, 2001).

In the current study, we sought to build on the strategy
use research of laboratory-based tasks to examine the explicit
strategies used in naturalistic tasks that are held to
be hippocampal-dependent, namely, scene imagination,
autobiographical memory recall, future thinking, and spatial
navigation. We first developed a new protocol for strategy
data collection that could be used for these tasks and for
examining strategy use across multiple tasks performed by the
same participants. This resulted in a strategy use questionnaire
tailored to each task of interest, which could be completed
by participants retrospectively after performing all of the tasks.
Each questionnaire started with a reminder of the task in
question to help participants think back to the task and how
they performed it. A wide range of potential strategies (between
12 and 24) was then provided to the participants, and they
were asked to select all of the strategies they used for that
task. Finally, participants provided a rank for each strategy
relating to its degree of use.

We regarded this as the most parsimonious approach for
several While collecting strategy information
concurrently is often deemed to be preferable to probing strategy
use retrospectively, in fact, there are acknowledged advantages
and challenges associated with each method (Dunlosky and
Hertzog, 2001). Retrospective reports are an efficient methodology
especially when the use of concurrent reports is not possible,
and as in our case, it includes task reminders to reduce the
forgetting that can accompany retrospective protocols. We were
also able to assess variations in strategy use within the same
task (e.g., as detailed by Siegler, 1988) by including a variety
of different strategy options and encouraging participants to
indicate all the strategies they used to perform each task.
Furthermore, by gathering information about how much each
strategy was used, we could examine which strategies were
the most important for each person for every task.

We collected strategy use data from 217 participants for seven
tasks. These included the four hippocampal-dependent naturalistic
tasks of primary interest, which assessed scene imagination,
autobiographical memory recall, future thinking, and spatial
navigation. We also examined three laboratory-based memory

reasons.
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tasks — concrete verbal paired associates (VPA), abstract VPA
(Clark et al,, 2018), and the dead or alive semantic memory
task (Kapur et al., 1989). The inclusion of the latter tasks allowed
us to assess whether or not any strategy use patterns we observed
were simply due to the naturalistic nature of the main tasks
of interest. The laboratory-based tasks also enabled us to compare
strategy use between tasks known to be hippocampal-dependent,
which included the concrete VPA task (Zola-Morgan et al,
1986; Squire, 1992; Spiers et al., 2001; Clark et al., 2018), and
those that are held to be hippocampal-independent, namely,
the abstract VPA and semantic memory tasks (Binder and Desai,
2011; Clark et al, 2018). We hypothesized that scene visual
imagery strategies would predominate for the hippocampal-
dependent tasks (scene imagination, autobiographical memory
recall, future thinking, navigation, and concrete VPA) while
this would not be the case the hippocampal-independent tasks
(abstract VPA and the dead or alive task). These predictions
align with perspectives that place the construction of scene
imagery at the heart of hippocampal processing (Hassabis and
Maguire, 2007; Maguire and Mullally, 2013; Clark et al., 2019).

MATERIALS AND METHODS

Participants

Two hundred and seventeen people took part in the study,
109 females and 108 males. They were aged between 20 and
41 years of age, had English as their first language, and reported
no psychological, psychiatric, neurological, or behavioral health
conditions. Participants were recruited from the general
population to ensure wide sampling of task performance and
strategy use. The age range was restricted to 20-41 to limit
any possible effects of aging. The mean age of the sample was
29.0 years (SD = 5.60). Participants reporting hobbies or vocations
known to be associated with the hippocampus (e.g., licensed
London taxi drivers) were excluded. Participants were reimbursed
£10 per hour for taking part, which was paid at study completion.
The study was approved by the University College London
Research Ethics Committee. All participants gave written informed
consent in accordance with the Declaration of Helsinki.

Procedure
Participants first completed the tasks over three separate testing
sessions. The order of the tasks within each visit was the same
for all participants (see Clark et al, 2019). Task order was
arranged so as to avoid interference, for example, not having
a verbal task followed by another verbal task and to provide
sessions of approximately equal length (~3-3.5 h, including
breaks). Strategy data were collected in a separate final session,
after all the tasks had been completed.

All of the cognitive tasks that we used are published. Here,
for convenience, we describe each task briefly.

Naturalistic Tasks

Scene Construction Task

Participants are required to mentally construct visual scenes
of commonplace settings. For each scene, a short cue is provided

(e.g., imagine lying on a beach in a beautiful tropical bay),
and the participant is asked to imagine the scene that is evoked,
and then describe it out loud in as much detail as possible.
Participants are explicitly told not to describe a memory,
but to create a new scene that they have never experienced
before (Hassabis et al., 2007a).

Autobiographical Interview

Participants are asked to provide autobiographical memories from
a specific time and place over four time periods - early childhood
(up to 11 years of age), teenage years (from 11 to 17 years of
age), adulthood (from 18 years of age up to 12 months prior
to the interview; two memories are requested), and the last year
(a memory from the last 12 months; Levine et al, 2002).

Future Thinking Task

This task follows the same procedure as the scene construction
task, but requires participants to imagine three plausible future
scenes involving themselves (an event at the weekend; next
Christmas; and the next time they meet a friend). Participants
are explicitly told not to describe a memory, but to create a
new future scene (Hassabis et al., 2007a).

Navigation Tasks

Navigational learning is examined using movies of navigation
through an unfamiliar town, involving two overlapping routes,
which are shown to participants four times. Five tasks are
then conducted to examine how well participants learned the
town. First, following each viewing of the route movies,
participants are shown four short movie clips - two from the
actual routes and two distractors. Participants indicate whether
they had seen each movie clip or not. Second, after all four
route viewings are completed, recognition memory for scenes
from the routes is tested. A third task involves assessing
knowledge of the spatial relationships between landmarks from
the routes in the form of proximity judgments. Fourth, route
knowledge is examined by having participants place photographs
from the routes in the correct order as if traveling through
the town. Finally, participants draw a sketch map of the two
routes, including as many landmarks as they can remember
(Woollett and Maguire, 2010).

Laboratory-Based Memory Tasks

Concrete VPA

The concrete VPA is based upon the Wechsler Memory Scale
IV VPA task (Wechsler, 2009). Participants are asked to
learn, and then remember 14 word pairs, made up of concrete,
high imagery words. Learning takes place over four trials,
where each time (in a different order) the 14 word pairs
are read out to the participant. Following this, the first
word of each pair is given, and the participant is asked for
the corresponding word, with feedback (i.e., the correct
answer is provided if necessary). After 30 min, the participants
are tested again in the same way but without feedback.
Participants are not told about the delayed recall test in
advance (Clark et al., 2018).
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Abstract VPA

The abstract VPA is identical to the concrete VPA with one
important difference (Clark et al, 2018). Instead of using
concrete, high imagery words, it uses only abstract, very low
imagery words. Importantly, the words in the abstract VPA
task are highly matched with those in the concrete VPA task
in terms of linguistic characteristics (e.g., length, phonemes,
and syllables) and frequency of use in the English language.
This allows for two very similar tasks to be assessed, where
one (the concrete VPA) is thought to be hippocampal-dependent,
while the other (the abstract VPA) is not (Maguire and Mullally, 2013;
Clark and Maguire, 2016; Clark et al., 2018).

Dead or Alive Task

This is a test of semantic knowledge. Participants are presented
with the names of 74 famous individuals and are first asked
to remove any names that they do not recognize. For those
that the participant knows, they are then asked to indicate
whether the individual is dead or alive (Kapur et al., 1989).

Strategy Use

There is currently no standard methodology for studying strategy
use in the context of these cognitive tasks. We therefore designed
a novel protocol for collecting and analyzing detailed strategy
information for each cognitive task.

Identification of Strategies

To identify possible strategies used to perform the tasks, 30
participants were recruited who did not take part in the main
study (15 female; mean age = 27.07 years, SD = 7.32). Participant
recruitment was based on an individual’s general use of visual
imagery. The use of visual imagery is a well-known strategy
(Paivio, 1969; Andrews-Hanna et al, 2014; Greenberg and
Knowlton, 2014), and we wanted to represent all types of
strategies, not just those that are based on visual imagery.
General visual imagery use was determined via the Spontaneous
Use of Imagery Scale (SUIS; Reisberg et al., 2003), where scores
can range from 12 (very low/no spontaneous use of visual
imagery) to 60 (high spontaneous use of visual imagery). Fifteen
participants were recruited who reported high scores on the
SUIS (>46) and 15 with low SUIS scores (<40), with 11 of
these low scoring participants reporting values <31. The average
score of the participants in this identification of strategies study
was 40.03 (SD = 9.97) with a range from 24 to 57.

To collect information on individual task strategies,
participants first performed the cognitive tasks, after which
they were asked open-ended questions about the strategies
they employed for each task. Participants were encouraged to
report all strategies that they used for a task in as much detail
as possible, regardless of how much or little they used them.

Strategy responses from the participants were then combined
with any relevant additional strategies identified from the extant
literature. Examination of all of these strategies highlighted
both specific and more general techniques that participants
used to perform each of the tasks. From this, we generated
a large number of strategy statements, ranging from 12 to 24
strategies, for each task.

The strategies generated for each task are provided in the
Supplementary Material.

Strategy Questionnaires

The information from the strategy identification study was
used to construct a strategy questionnaire for each task for
use with the participants in the main experiment. The
questionnaires were presented on a computer screen and were
participant-paced and led, but with the involvement of the
experimenter where required. The strategy questionnaires were
administered in a separate session after all the tasks had been
completed. This session focused solely on collecting the strategy
information for each task. The average length of time between
the final testing session and the strategy questionnaires session
was 6.05 days (SD = 5.33).

Three steps were involved in data collection. First, a brief
reminder of the task was presented. Second, participants selected
the strategies they used for that task from the extensive list
of possible strategies. Third, participants ranked their selected
strategies in relation to their degree of use.

Strategies were requested for scene construction, each memory
age of the AI, future thinking, for the learning of the town
in the navigation task and each of the five navigation tasks,
for the learning and delayed recall of the concrete and also
the abstract VPA tasks, and for the dead or alive task.

Task Reminder

The task reminder varied according to the task. For some
tasks, a picture of the task was presented, while for others
the tasks were verbally described. The experimenter then ensured
that the participant fully remembered the task (providing
additional information if required) before the participant moved
on to the strategy selection.

Strategy Selection

Following the task reminder, all the possible strategies for the
task that were generated from the strategy identification study
were presented as a list on a computer screen. For each strategy,
participants were requested to respond either “Yes” (that they
used the strategy) or “No” (that they did not use the strategy).
A response was required for every strategy to ensure that
none were accidently overlooked. It was made clear that selecting
one strategy did not preclude the selection of any of the others,
as more than one strategy could be deployed during a task.

“Other” Strategies
While our strategy list for each task was extensive, we also
accounted for the possibility that participants may have used
strategies that were not included on the list. As such, for all
tasks the option “Other,” with space to describe new strategies,
was also available.

Strategy Ranking

A list of the strategies that a participant indicated they used
during the task was then presented to them. They were asked
to rank each of the strategies according to how much of the
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time they used them. Outside of these instructions they were
free to indicate any form of ranking. Thus, if they felt that
they used multiple strategies equally this could be indicated.
For example, if three strategies were chosen they could be ranked:

o 1,2, and 3 - where the strategy ranked 1 was used most of
the time, followed by the strategy ranked 2, and then the
strategy ranked 3.

1, 1,and 1 - where all strategies were used equally.

o 1,2, and 2 - where one strategy was used the most, and the
other two less frequently, but the secondary strategies were
used equally.

Question Order

The task reminders and strategy selection were presented in
two orders (with half the participants doing each order) to
reduce the possibility of order effects. For order 1, the task
order was: concrete VPA, autobiographical interview (AI), abstract
VPA, navigation, dead or alive, scene construction, and future
thinking. The strategies were listed with visual imagery strategies
first, followed by verbal strategies. For order 2, the task order
was reversed, and the strategies were listed starting with verbal
strategies first followed by visual imagery strategies.

Data Analysis

For the AI, strategies were examined for each memory age
separately and were then combined across all four memory
ages to provide an overall autobiographical memory recall
strategy. For navigation, strategies were examined separately
for the learning phase during movie viewing and the five
navigation tasks, and then by combining across the five
navigation tasks to provide an overall navigation strategy. For
the concrete VPA and also for the abstract VPA, strategies
were examined for the learning and delayed recall
phases separately.

For all tasks, we focused specifically on rank 1 strategies,
that is, the strategy or strategies that the participant used
most often and deemed the most important for that task.

If “Other” responses were provided, these were examined
to ascertain if the description closely resembled a strategy that
was already listed and, if this was the case, the strategy was
reallocated from Other to that strategy. There was no situation,
where the Other description referred to a new strategy that
was not already represented on the list (a detailed breakdown
of Other responses and their reallocations is provided in the
Supplementary Material).

To streamline the data analysis process, each strategy was
allocated to one of three primary strategy categories: scene
visual imagery strategies, other visual imagery strategies, and
verbal strategies (see the Supplementary Material for all of
the strategies generated for each task, and into which primary
category they were placed). Note that participants were not
aware of the strategy category distinctions. In general, a scene
visual imagery strategy was one which evoked a visual image
of a scene, that is, the visual imagery had a sense of depth
and background. Other visual imagery strategies evoked visual

imagery, but this could not be defined as a scene. There was
no sense of depth or background, a typical example being a
visual image of a single object. A verbal strategy was one
which evoked no visual imagery at all, with reliance instead
upon words and phrases.

To compare the frequency of the primary strategies, Chi
Square tests (thresholded at p < 0.05) were performed across
the three categories; scene visual imagery vs. other visual
imagery vs. verbal. Note that all of the rank 1 choices of all
the participants are reflected in the analyses and figures; thus
if a participant identified multiple strategies as rank 1, all
were included.

RESULTS

Naturalistic Tasks

For the scene construction task, perhaps unsurprisingly, there
was widespread use of scene visual imagery strategies compared
to the other strategy types [Figure 1A; scene visual imagery
strategies = 82.06%; other visual imagery strategies = 8.64%;
verbal strategies = 9.30%; x* (2) = 321.62, p < 0.001].

For autobiographical memory recall, there was also consistent
use of scene visual imagery strategies compared to the other
two strategy types. This was evident for all memory ages and
when the data were combined across the memories [childhood:
scene visual imagery strategies = 79.68%; other visual imagery
strategies = 12.38%; verbal strategies = 7.94%; x* (2) = 305.45,
P < 0.001; teenage years: scene visual imagery strategies = 73.83%;
other visual imagery strategies = 15.89%; verbal strategies = 10.28%;
x (2) = 23843, p < 0.001; adulthood: scene visual imagery
strategies = 71.92%; other visual imagery strategies = 15.46%;
verbal strategies = 12.62%; x* (2) = 212.83, p < 0.001; last year:
scene visual imagery strategies = 76.0%; other visual imagery
strategies = 14.15%; verbal strategies = 9.85%; x* (2) = 267.15,
p < 0.001; combined (Figure 1B): scene visual imagery
strategies = 75.35%; other visual imagery strategies = 14.48%;
verbal strategies = 10.17%; y* (2) = 1018.93, p < 0.001].

For the future thinking task, scene visual imagery strategies
also dominated [Figure 1C; scene visual imagery
strategies = 81.48%; other visual imagery strategies = 9.09%;
verbal strategies = 9.43%; x* (2) = 309.84, p < 0.001].

For navigation, there was a distinction between the strategies
deployed during learning compared to the navigation tests. Viewing
the movies while learning evoked approximately equal use of
all the strategy categories [scene visual imagery strategies = 36.86%;
other visual imagery strategies = 30.30%; verbal strategies = 32.84%;
x* (2) = 3.11, p = 0.21]. By contrast, performance on the post-
learning tests was associated with a greater use of scene visual
imagery compared to the other strategy types. This was observed
when investigating each of the five navigation tasks individually,
and when the data were combined across the five tasks [movie
clip recognition: scene visual imagery strategies = 57.56%; other
visual imagery strategies = 28.67%; verbal strategies = 13.77%;
x* (2) = 131.77, p < 0.001; scene recognition: scene visual imagery
strategies = 62.88%; other visual imagery strategies = 26.98%;
verbal strategies = 10.15%; x> (2) = 175.79, p < 0.001; proximity
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judgments: scene visual imagery strategies = 63.04%; other visual
imagery strategies = 14.95%; verbal strategies = 22.01%;
X (2) = 148.93, p < 0.001; route knowledge: scene visual imagery
strategies = 61.01%; other visual imagery strategies = 17.51%;
verbal strategies = 21.49%; x> (2) = 130.83, p < 0.001; sketch
map: scene visual imagery strategies = 56.94%; other visual imagery
strategies = 21.76%; verbal strategies = 21.30%; x> (2) = 108.39,
p < 0.001; combined (Figure 1D): scene visual imagery
strategies = 60.13%; other visual imagery strategies = 22.28%;
verbal strategies = 17.59%; x* (2) = 660.62, p < 0.001].

Laboratory-Based Memory Tasks

For the concrete VPA, scene visual imagery strategies were
more apparent at both learning and delayed recall compared
to the other strategy types [learning: scene visual imagery
strategies = 50.15%; other visual imagery strategies = 24.93%;
verbal strategies = 24.93%; x> (2) = 43.38, p < 0.001; delayed
recall (Figure 2A): scene visual imagery strategies = 44.82%;
other  visual imagery  strategies =  29.97%;  verbal
strategies = 25.21%; x* (2) = 22.40, p < 0.001].

By contrast, and in line with our expectations, the abstract
VPA elicited greater use of verbal strategies during both learning
and delayed recall [learning: scene  visual  imagery
strategies = 20.39%; other visual imagery strategies = 21.76%;
verbal strategies = 57.85%; x* (2) = 98.30, p < 0.001; delayed
recall (Figure 2B): scene visual imagery strategies = 21.73%; other
visual imagery strategies = 20.06%; verbal strategies = 58.22%;
¥ (2) = 100.18, p < 0.001].

In a similar vein, verbal strategies were predominant for
the dead or alive semantic memory task [Figure 2C: scene
visual imagery strategies = 23.89%; other visual imagery
strategies = 17.78%; verbal strategies = 58.33%; x* (2) = 103.27,
p < 0.001].

DISCUSSION

In this study, which involved a large sample of participants,
we sought to systematically characterize the explicit strategies
people used when performing a range of cognitive tasks.

Frontiers in Psychology | www.frontiersin.org

September 2020 | Volume 11 | Article 2119


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Clark et al.

Strategies and Hippocampal Tasks

A Concrete Verbal Paired Associates B Abstract Verbal Paired Associates c Dead or Alive

100 ook 100 ik 100 ol
a I @ [ " [
2 Ky QL
2 80 2 80 2 80
B s s
% 0 % 60 % 60
o o o
(o) o (]
g« g g
H £ t
b “ ;" e "
o [0 o
o o a

0 T N 0 0
S S @ S S > S S &
}(@& @Q,q“ & @7’& @“'& & @7,@“ @Q,& &
> > N N N R
2 N Ra Ry R @&

& ® ® ® © ©

N & @ & @ &
o S o & Py S

FIGURE 2 | The percentage of rank 1 scene visual imagery, other visual imagery, or verbal strategies used during the three laboratory-based tasks involving:

(A) concrete verbal paired associates (delayed recall); (B) abstract verbal paired associates (delayed recall); and (C) the dead or alive task. Chi Square tests
comparing the frequency of the rank 1 strategies across the three categories revealed the predominant use of scene visual imagery strategies compared to the other
strategy types for the concrete verbal paired associates, whereas verbal strategies dominated for the abstract verbal paired associates and the dead or alive task.
There are no error bars because the graphs represent the percentage count for each strategy category. ***p < 0.001.

We found that scene visual imagery was the dominant strategy
not only when mentally imagining scenes, but also during
autobiographical memory recall, when thinking about the future
and during navigation - all naturalistic tasks associated with
the hippocampus. In addition, examination of three laboratory-
based memory tasks showed that the use of scene visual imagery
strategies was not limited to naturalistic tasks, while also indicating
that participants did not invariably favor such strategies. Scene
visual imagery strategies were used during concrete VPA, a task
also linked to the hippocampus, whereas verbal strategies were
most prevalent for tasks thought to be hippocampal-independent,
namely, abstract VPA and the dead or alive semantic memory task.
Behavioral experiments in healthy people have shown that
the ability to construct scene visual imagery explained performance
across tasks assessing autobiographical recall, future thinking,
and navigation (Clark et al., 2019; see also Clark and Maguire,
2020). Neuroimaging studies have also documented hippocampal
engagement during the construction of scene imagery (Hassabis
et al., 2007b; Zeidman and Maguire, 2016; Barry et al, 2018;
Clark et al., 2018; Dalton et al., 2018). Of particular pertinence,
the ability to construct scene visual imagery is impaired in
patients with bilateral hippocampal damage (Hassabis et al.,
2007a; Rosenbaum et al., 2009; Andelman et al., 2010; Race
et al, 2011; Mullally et al., 2012; Maguire and Mullally, 2013).
On the basis of this convergent evidence, the scene construction
theory was proposed and suggests that the construction of scene
imagery is a central function of the hippocampus, and that any
task typically requiring scene imagery will be hippocampal-
dependent as a consequence (Hassabis and Maguire, 2007; Maguire
and Mullally, 2013). However, until now, there was very little
direct evidence that people actually use specifically scene visual
imagery during cognitive functions such as autobiographical
recall, future thinking, and navigation (Andrews-Hanna et al., 2010).
The current findings provide strong evidence that scene visual
imagery is indeed the principal strategy deployed in such
circumstances, aligning with the scene construction theory.
Why might scene imagery be used so pervasively? The most
obvious answer is that it mirrors how people experience and
perceive the world. In pragmatic terms, it makes sense that

the neural hardware and software underpinning perception
would also be utilized for mental representations and during
recall. In addition, scenes are a highly efficient means of
packaging information. Its apparent prevalence has even led
to the suggestion that scene imagery may be the currency of
cognition (Maguire and Mullally, 2013).

The ubiquity of scene visual imagery affected another issue,
namely, whether using such strategies actually confers any
benefit for task performance. We were keen address this question.
However, given the majority of participants used scene visual
imagery strategies to perform the naturalistic tasks of primary
interest, it was not possible to conduct meaningful analyses.
For example, 212 of the 217 participants reported scene visual
imagery as a rank 1 strategy during autobiographical memory
recall, meaning a comparison with the remaining five participants
would simply not have been valid.

Our results also highlight the potential perils of making
assumptions about task modality. For example, as VPA tasks
involve the learning and later recall of word pairs, they are
typically regarded as verbal tasks. However, we found that
when the words in the VPA task were imageable and concrete
in nature, scene imagery strategies were used most frequently.
By contrast, when the VPA task comprised low imagery abstract
words, verbal strategies dominated. Therefore, focusing on the
task stimuli to define task modality may not accurately reflect
how participants perform a task, and underline that it is
essential that task modality is assessed and not assumed.

In addition, by examining the strategies used to perform
each task, we were able to make a distinction within the visual
imagery domain between scene visual imagery and other visual
imagery strategies. This would be difficult to assess by focusing
just on task modality. Importantly, across the hippocampal-
dependent tasks, it was scene visual imagery strategies that
were predominant. If the strategies simply reflected a visual
versus verbal modality split, then a higher frequency of other
visual imagery strategies might have been expected, but this
is not what we found.

How would analyzing strategies, instead of using assumed
task modality, potentially change conclusions previously drawn?
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Understanding the strategies used to perform a task may, for
example, allow us to better explain the relationship between
what are traditionally described as verbal memory tasks and
the hippocampus. The use of scene visual imagery strategies
may be why concrete VPA, for example, activates the hippocampus
during neuroimaging (Clark et al, 2018) and why patients
with hippocampal damage, who are impaired at imagining
scenes, perform so poorly on this test (e.g., Zola-Morgan et al.,
1986; Spiers et al., 2001; Giovanello et al., 2003). This stands
in stark contrast to the abstract VPA task, comprising low
imagery words which, along with the semantic memory dead
or alive task, involved the use of verbal strategies. Abstract
VPA stimuli do not seem to engage the hippocampus during
neuroimaging (Clark et al, 2018) and, in this context, the
prediction is that hippocampal-damaged patients would
be relatively unimpaired on an abstract VPA task. However,
the VPA tasks typically used with such patients have been
concrete in nature (reviewed in Clark and Maguire, 2016),
and this hypothesis remains untested. Nevertheless, our strategy
data reveal a clear distinction between concrete and abstract
VPA that accords with hippocampal-dependence and
hippocampal-independence, respectively, and a distinction that
is not apparent when assuming all VPA tasks are verbal.

Could it be that the strategy use protocol we employed was
biased in some way toward scene visual imagery? We think
this is unlikely for a number of reasons. First, a wide variety
of strategies were provided, including different modalities and
complexities, to avoid biasing individuals to selecting any specific
strategy (see the Supplementary Material for the full list of
strategies for each task). Second, participants were presented
with a list of possible strategies, and were unaware of the
strategy categorization. Third, similar numbers of potential
strategies were included for each strategy category to avoid
any biases toward specific categories. Fourth, the strategies were
presented in two orders, with half the participants seeing the
visual imagery strategies first and half the verbal strategies first,
thus reducing any effects of presentation order. Fifth, participants
were encouraged to select any and all strategies that they used,
even if the strategies seemed to contradict each other (as different
strategies could be used at different times during a task). Finally,
the data collection was participant-paced and led in order to
avoid any potential influence of the experimenter and, overall,
the experimenter was minimally involved, as the strategy use
questionnaires were completed on a computer.

To investigate strategy use in naturalistic tasks like
autobiographical memory and future thinking, we had to innovate
beyond methods previously validated for the collection of strategy
data in laboratory-based tasks (e.g., Ericsson and Simon, 1980;
Dunlosky and Hertzog, 2001). This imposed some necessary
constraints. By using retrospective instead of concurrent reporting,
participants could have forgotten the strategies they used to
perform the tasks. However, previous reports have demonstrated
the effectiveness of retrospective strategy reporting (e.g., Dunlosky
and Hertzog, 2001), and we provided detailed reminders to
help participants remember the tasks, with no participant
indicating that they were unable to recall the concomitant
strategies they used. By not using trial-by-trial assessments,

we may have missed nuances or changes in strategy use throughout
the tasks. However, our participants were provided with numerous
possible strategies for each task, and were encouraged to indicate
all the different strategies they used during task performance,
with additional information probing the extent to which each
strategy was used. We were, therefore, able to collect
comprehensive information about the use of multiple strategies
by an individual participant for the same task. In common
with concurrent reporting methods, we investigated only those
strategies that could be explicitly described by participants.
We acknowledge that implicit strategies also play a role in task
performance, but remain challenging to discover.

We collected strategy information by having participants
choose from a list of provided strategies, instead of asking
them to freely describe the strategies they used, for a number
of reasons. First, this ensured that all participants underwent
exactly the same procedure for strategy data collection. By
contrast, in a free description situation, differing levels of
experimenter involvement would likely be required depending
on the participant (e.g., variation in the extent of probing),
which could affect the data obtained. Second, we wanted
participants to consider in-depth how they performed each of
the tasks in question. Providing a large range of strategy options
with responses required for each option meant that all participants
had to consider their use of strategies from across different
modalities. Free descriptions, on the other hand, do not
necessarily encourage this, and again there could be wide
variability in terms of the range of options that each participant
considers. Finally, providing a list of strategy options allowed
us to include specific nuances within the strategies, for example,
asking whether a visual image came to mind immediately or
whether the image took time to form. Obtaining this information
from free descriptions would be much more difficult and likely
involve substantial questioning and involvement of the
experimenter — something we were keen to avoid in order to
reduce any potential experimenter influence. The option “Other”
was also available for all tasks, where participants were able
to indicate any additional strategies they felt were not represented
by the lists provided. However, Other descriptions were rarely
provided, and there was no situation where the Other description
referred to new strategies that were not already represented
on the lists, suggesting that our technique did not omit any
key strategies. It will be important in future studies to investigate
if rates of reported strategy use are related to the methodology
used to collect them.

We have alluded throughout to cognitive task-hippocampus
relationships without measuring the hippocampus itself. We felt
able to do this because of the many previous neuropsychological
and neuroimaging findings associating scene imagination,
autobiographical memory, future thinking, and navigation tasks
with the hippocampus. Moreover, understanding the strategies
used to perform these tasks is not reliant upon hippocampal
measurement. However, establishing a direct link between
strategy use and the hippocampus will be an important next
step. These relationships could be assessed using resting state
fMRI, task-based fMRI, and structural brain measurements of
the hippocampus and its connectivity.
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In conclusion, the strategies used to perform naturalistic
tasks have been under-studied, and yet such information could
augment our understanding of the associated cognitive processes
and neural substrates. In a large sample of participants,
we identified scene visual imagery as a dominant strategy
specifically in tasks associated with the hippocampus, aligning
with perspectives that emphasize a link between scene processing
and this brain structure.
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