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An emerging literature on value-directed remembering has shown that people are able to encode and
remember information that is more important. Researchers operationalize importance by differentially
assigning value to the memoranda that participants are asked to encode and remember. In the present
investigation, a slightly altered value-directed-remembering paradigm was used to investigate how value
modifies the dynamics of memory organization and search in free recall. In Experiment 1, free recall
dynamics were compared between a control and a value condition. In Experiment 2, we manipulated
the order of presentation of the values by adding an ascending and a descending condition where values
were presented congruently or incongruently with the evolution of temporal context. Experiments 3 and
4 paralleled Experiments 1 and 2 respectively, with the addition of overt rehearsal and an unexpected
memory test for the numbers/values. Overall, the results indicated that value-directed encoding has an
influence on measures of delayed free recall encoding, organization, and search processes.

Published by Elsevier Inc.
Introduction

Humans encounter a vast amount of information on a daily
basis that has no importance or bearing on their lives. Thus, the
ability to select and successfully remember information that is
more important, while simultaneously ignoring information that
is less important is an essential cognitive ability. For example, stu-
dents want to remember information that is important for an
upcoming test, professionals want to remember information that
is important for an upcoming meeting, and family members want
to remember information that is important for them and the peo-
ple they love. Why does our memory system prioritize and orga-
nize information and how does the importance of that
information interact with this process? Recently, researchers have
begun exploring the role of value on memory. The current project
aims to extend our understanding of the relation between value
and memory by exploring the dynamics of free recall.

Many studies have demonstrated that memory is sensitive to
the value of information, either at encoding or retrieval. These find-
ings include enhanced memory for information relating to one’s
self (Rogers, Kuiper, & Kirker, 1977; Symons & Johnson, 1997) as
well as other people close to them (Rogers et al., 1977), enhanced
memory for information relating to survival needs (Nairne,
Thompson, & Pandeirada, 2007), and enhanced memory for mean-
ingful aspects of an event (e.g. Wanner, 1968). It therefore appears
that individuals can flexibly assess the importance of information
during encoding, and that this assessment influences what infor-
mation is likely to be stored and ultimately retrieved. What
remains unclear is how assessing the importance of information
at encoding modifies the way individuals organize and search their
memory during recall.

Free recall studies typically give participants the freedom to
subjectively organize the encoding and retrieval of word lists into
episodic memory (Tulving, 1962). Previous free recall research has
failed to take into account the possibility that information value
may guide the organizational principles at encoding and possibly
influence search processes at retrieval. Employing mnemonic
materials that are either inherently important (e.g. self-relevant)
or are imbued with value is a necessary step for evaluating
whether many principles of episodic memory hold up under more
ecological conditions. Making memory research more ecologically
representative will facilitate the development of theories that are
based on a broader variety of mnemonic experiences and allow
researchers to apply theoretical explanation at a higher-level of
generality rather than at the level of individual tasks (Hintzman,
2011).
Value and memory

Human memory research suggests that motivation to remem-
ber, especially when it arises before rather than after the informa-
tion is encoded (Loftus & Wickens, 1970; Naveh-Benjamin, Craik,
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Gavrilescu, & Anderson, 2000), allows people to attend and orga-
nize information in ways that facilitate storage in long-term mem-
ory (Kassam, Gilbert, Swencionis, & Wilson, 2009). One way of
increasing motivation to remember is assigning importance values
to the to-be-remembered items (Watkins & Bloom, 1999). While
assigning importance values to options has been a central compo-
nent in the decision making literature, especially in regards to
choice behavior (Tversky, 1969, 1972), relatively little research
has investigated the effects of importance on memory.

The majority of studies that have investigated the relation
between memory and importance have implemented a value-
directed remembering paradigm (VDR), a procedure developed
by Watkins and Bloom (1999). In a typical VDR paradigm, partici-
pants are given a list of words to study for a later memory test.
These words vary in importance values. The way to achieve this
is to assign an importance ‘‘value” to each word (illustrated by a
number next to the word; i.e., ‘‘Chicken 4”). Participants are
instructed that, during a subsequent recall test, they will be
awarded the associated point value of the words they are able to
recall. The participants’ goal is to maximize the points they accu-
mulate through recall. A general finding from the studies that have
used the VDR paradigm is that participants tend to remember the
more important (higher-value) words significantly more than the
less important (lower-value) words (Ariel, Dunlosky, & Bailey,
2009; Castel, 2008; Castel, Farb, & Craik, 2007; Castel, Rhodes,
McCabe, Soderstrom, & Loaiza, 2012; Soderstrom & McCabe,
2011). Several other studies have provided additional insight
regarding the relation between memory and importance (for
instance see Bui, Friedman, McDonough, & Castel, 2013; Castel,
2008; Castel, Benjamin, Craik, & Watkins, 2002; Castel et al.,
2012; Madan & Spetch, 2012)

Recent metamemory research provides a great illustration of
how the study of value-directed remembering can allow us to gen-
eralize our understanding of memory processes across tasks. Until
recently, most self-regulated study theories focused on the role of
item difficulty in driving metacognitive control processes, with the
majority of studies showing that participants allocate more study
time on the most difficult items (Son & Metcalfe, 2000). Additional
research has focused on the role of perceived item difficulty in
study regulation, demonstrating that task constraints, like the
amount of study-time available, will also influence study time allo-
cation (Metcalfe & Kornell, 2003; Koriat, Ma’ayan, & Nussinson,
2006).

Most well-known theories regarding self-regulating study, base
their predictions primarily on item difficulty. Ariel et al. (2009) uti-
lized a variant of the VDR paradigm (using words of high and low
value within a self-regulated study paradigm) to explore how
value interacts with difficulty in the context of self-regulated
study. Ariel et al. (2009) observed that participants spent more
time studying higher-value word-pairs, and they chose to restudy
higher-value word-pairs more often than lower-value words,
regardless of item difficulty. Ariel et al. (2009) proposed that par-
ticipants develop agendas that guide their study-time allocation
decisions as well as their restudy decisions, thus supporting an
agenda-based regulation of study-time allocation theory. In a more
recent experiment, Soderstrom and McCabe (2011) replicated Ariel
et al. and additionally demonstrated that participants provide
higher judgments of learning (JOLs) for those higher-value word-
pairs.

Two important points can be derived from this work. First, it
appears that learners are able to exhibit some meta-awareness
regarding encoding value. Second, utilizing such materials within
the metacognitive framework allowed researchers to understand
the processes of self-regulated study from a more fundamental
perspective. Most importantly, it appears that the utilization of
materials that differ in their value allowed metamemory research-
ers to develop a theory that compliments and extends all previous
theories regarding self-regulated study by incorporating a motiva-
tional dimension that can interact with other well-established
dimensions. The aim of the present investigation is to utilize such
materials in the study of delayed free recall in order to investigate
delayed free recall dynamics.
Recall dynamics in delayed free recall

Memory researchers have investigated the dynamics of delayed
free recall for well over half a century to explore the organization
and search of episodic memory (Kahana, 2012; Murdock, 1974;
Tulving, 1968). In a delayed free recall paradigm participants are
presented with several lists of words each in a random order. After
participants study each list, they perform a brief distractor task and
are then asked to retrieve as many words from the list as possible.
Several systematic effects, that we now consider regularities of epi-
sodic memory search, have been established via examination of
delayed free recall data (Kahana, 2012).

In Murdock (1962) reported his classic findings on the relation
between serial position and recall probability. Participants exhib-
ited superior memory for the items that appeared at the beginning
(primacy effect) and the end (recency effect) of the study list, even
though the recency effect is diminished in delayed free recall. The
primacy effect spans the first three or four items of each list, while
the recency effect spans over the last eight items. Moreover, Hogan
(1975) and Laming (1999) showed that subjects initiate recall with
one of the last items of the study list, even though this effect is also
diminished in delayed free recall (Howard & Kahana, 1999). More
specifically, Howard and Kahana (1999) showed that probability
of first recall – which item in the list that a participant outputs
at the beginning of recall - is higher for either the last word pre-
sented in the list (immediate free recall) or the first word pre-
sented in the list (delayed free recall).

Temporal contiguity during study also affects output dynamics
at retrieval. Kahana (1996) demonstrated that participants tend to
successfully recall items from nearby list positions, as seen by plot-
ting the lag conditional-response probability functions based on
recall output, which is a sharply decreasing function of lag. A lag
conditional-response probability function shows the conditional
probability of recalling an item from serial position i +/- lag imme-
diately after recalling the item from serial position i. Positive val-
ues of lag correspond to forward recall transitions and these are
generally stronger than negative values of lag that correspond to
backward recall transitions (Kahana, 1996).
The present investigation

The present investigation aims to provide an enriched under-
standing of the episodic memory search processes operating under
conditions in which some of the study information is considerably
more important to remember than other information. Previous
research, using a similar version of the delayed free recall para-
digm, demonstrated that more important information is generally
better remembered than less important information (Ariel et al.,
2009; Castel, 2007, 2008; Soderstrom & McCabe, 2011; Castel
et al., 2012). However, it is still an open question whether value-
directed remembering manipulation eliminates, modulates, or
leaves the dynamics of free recall unabated. Our primary goal
was to gain further knowledge regarding the underlying memory
search processes that drive this relation via the analysis of retrieval
dynamics of free recall, order of recall and contiguity effects. In an
additional two replication experiments, overt rehearsal and a
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memory test for the values of the studied words were also used as
tools to explore and better understand the underlying processes of
value-directed remembering.
1 All data from these Experiments along with a brief write up of the final free recall
results for can be found at our laboratory’s website and will not be presented in this
manuscript. asumaclab.com

2 A reviewer noted that in value directed remembering paradigms, people are often
not very selective in regards to remembering high value items on early lists, but in
later lists they presumably adapt their strategies at encoding, retrieval, or both which
results in increased memory selectivity on later lists (see Castel, 2008). However, we
have analyzed data for all of the current experiments using a first half (e.g., first 10
lists) versus second half (e.g., last 10 lists) and recall dynamics and sensitivity to value
were quite similar and not significantly different.
Experiment 1

The purpose of Experiment 1 was to investigate whether pre-
senting participants with to-be-remembered words that vary in
value, in the context of a delayed free recall paradigm, alters some
of the widely accepted memory regularities observed in delayed
free recall paradigms. We measured and compared several stan-
dard measures of delayed free recall between two conditions. Par-
ticipants in both the control and the experimental (value)
condition were asked to study lists of words and then try to recall
them after a short distractor task. The only difference between the
two conditions was that the words in the value condition were
coupled with a value that pertains to the importance of remember-
ing that word during the recall period.

Participants and design

Forty Participants were recruited from the Arizona State
University participant pool and were randomly assigned to either
a value or a control condition so that we ended up with 20 partic-
ipants in each condition. All participants were native English
speakers and they received course credit for their participation.
Each participant was tested individually in laboratory sessions
lasting approximately one hour. Participants performed two prac-
tice lists with letters and 20 lists of 10 words each. Words were 200
nouns selected from the Toronto word pool (Friendly, Franklin,
Hoffman, & Rubin, 1982).

Procedure

Items were presented next to a number (i.e. ‘‘Chart 4”) for 2 s
each. In the value condition participants were informed that a
value would appear next to each word they study. This value per-
tained to the importance of remembering that specific word later.
Therefore if a participant studied ‘‘Chart 4” and ‘‘Kitten 9” it will be
more important for the participant to remember and retrieve the
word ‘‘Kitten” than the word ‘‘Chart”. The values ranged from 1
to 10 and no numbers appeared more than once within the same
list. Therefore, if a participant studied ‘‘Chart 4”, no other word
in that list will have a value of 4. Importantly, the values appeared
in random order within each list. The participants were informed
of all this information prior to the experiment and they were
instructed to try to maximize their points by remembering more
high-value words. In the control condition participants were
instructed that they would see a number next to each word but
that number did not mean anything and that they should not be
attending to it. We decided to include numbers for the control
condition in order to control for any potential associative
learning effects as a result of having the study items coupled with
numbers.

After each list presentation, participants engaged in a 16 s dis-
tractor task before recall. In the distractor task participants saw 8
three-digit numbers and were asked to write the digits in descend-
ing order (e.g., Rohrer & Wixted, 1994; Unsworth, 2008). At recall
participants saw three question marks appear in the middle of
the screen and were asked to recall as many items from the most
recently studied list as possible. Participants had 60 s to complete
their recall for each one of the lists. Immediately after the recall
period for the last list participants were presented with a surprise
final free recall task. During this final free recall task participants
were asked to recall all of the words from any list in any order they
wanted. Participants had 5 min to attempt to recall as many words
as possible.1
Results

Overall participants recalled roughly half of the presented
items. As expected, participants in the two conditions recalled
essentially the same number of items. Participants in the control
condition recalled an average of 102 (MSE = 4.73) items (51%)
and participants in the value condition recalled an average of
101 (MSE = 7.46) items (50.5%). Probability of recall for both condi-
tions is consistent with previous research (Glanzer & Cunitz, 1966),
demonstrating a large primacy effect and a small or nonexistence
recency effect (Fig. 1a). Using a 2 (Condition: Control versus Value)
x 10 (Serial Position: 1 to 10) mixed ANOVA, we found no main
effect of condition, F(1,38) < 1, a main effect of serial position, F
(9, 342) = 26.125, MSE = .395 p < .001, partial g2 = .407 and no
interaction between condition and serial position, F(18, 342) < 1.
Participants in both conditions were significantly more likely to
recall a word that they studied in serial position ‘‘1” compared to
a word that they studied in any other serial position (p < .001 for
all comparisons of 1 with any other number). Participants were
also significantly more likely to recall a word they studied in serial
position ‘‘2” than a word they studied in any other serial position
other than serial position 1 (p < .005 for all comparisons of 2 with
any other number above 2). Participants were also significantly
more likely to recall a word they studied in serial position ‘‘3” than
a word they studied in any other serial position other than ‘‘1” or
‘‘2” (p < .01 for all comparisons of 3 with any other number above
3). This demonstrated a large primacy effect for both conditions.
Participants, in both conditions, were significantly more likely to
recall a word that they studied in the beginning of each study list.

We had hypothesized that probability of recall would also be a
function of value for only the value condition. Using a 2 (Condition:
Control versus Value) � 10 (Value: 1 to 10) Mixed ANOVA, we
found no main effect of condition, F(1,38) < 1, a main effect of
value, F(9, 342) = 8.402, MSE = .169, p < .001, partial g2 = .181, as
well as a significant interaction between condition and value, F
(18, 342) = 12.462, MSE = .251 p < .001, partial g2 = .247 (Fig. 1b).
Follow-up t-tests, using the Bonferonni adjustment, indicated that
participants in the value condition recalled significantly more
items of value 8 (p = .009),9 (p = .017), and 10 (p < .001) compared
to participants in the control condition. Additionally, participants
in the value conditions recalled significantly less items of value 1
(p = .036),2 (p < .001), and 3 (p = .015) compared to participants
in the control condition. This indicated that participants in the
value condition were sensitive to value and were successful in
maximizing their points.2 Considering that participants of both con-
ditions recalled an equal number of items participants in the value
condition recalled more high-value items and less low-value items
compared to participants in the control condition.

We found the pattern of results in Fig. 1a and b peculiar due to
the fact that the serial position effect seems to be identical across
conditions; however, value is only affecting probability of recall for
participants in the value condition. To better understand the above
results, we examined which serial positions there was an interac-



Fig. 1. a. Probability of recall as a function of serial position. b. Probability of recall as a function of value. Error bars represent one standard error of the mean.
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tion between condition and value. We found that condition and
value interacted only for serial positions 1, F(9, 342) = 2.55, p =
.008, partial g2 = .063, and 2 F = 2.801, p = .003, partial g2 = .069
(Fig. 2a and b). Our results indicated that for items that were stud-
ied in serial positions 1 and 2 participants in the value condition
were more likely to recall a high-value item and less likely to recall
a low-value item compared to participants in the control condition.

Regarding probability of first recall (Fig. 3a), we used a 2 (Con-
dition: Control versus Value) � 10 (Serial Position: 1 to 10) mixed
ANOVA and we found no main effect of condition, F(1,38) < 1, a
main effect of serial position in probability of first recall, F(9,
342) = 64.72,MSE = .46, p < .001, partial g2 = .63, and an interaction
between serial position and condition, F(18, 342) = 4.21, MSE = .03,
p < .001, g2 = .1. Specifically, participants in both conditions were
significantly more likely to initiate their recall with an item they
studied in serial position 1. This is consistent with all previous
research showing that participants tend to begin their recall with
a primacy item, but inconsistent with our hypothesis that there
would be no serial position effect for probability of first recall for
the value condition.

We had also hypothesized that probability of first recall would
be a function of value for the value condition. Consistent with this
hypothesis, a 2 (Condition: Control versus Value) � 10 (Value: 1 to
10) mixed ANOVA showed no main effect of condition, F(1, 38) < 1,
a main effect of value, F(9, 342) = 6.164,MSE = .045 p < .001, partial
g2 = .14, and an interaction between condition and value, F(18,
342) = 4.78, MSE = .035, p < .001, partial g2 = .11 (Fig. 3b). Follow-
up t-tests, using the Bonferonni adjustment, showed that partici-
pants in the value condition were significantly more likely to initi-
ate their recall with an item of value 10 (p < .001) than participants
in the control condition. Additionally, participants in the value con-
dition were significantly less likely to initiate their recall with an
item of value 1 (p = .001), 2 (p < .001), or 3 (p = .002) compared
to participants in the control condition. This again indicated that
participants in the value condition were sensitive to value in terms
of probability of first recall. Therefore, participants in the value
condition began their recall with more high-value items and less
high-value items than participants in the control condition

Lag conditional response probabilities (Fig. 4a) for both forward
and backward transitions were a function of presentation lag for
both conditions, with forward transitions being more likely than
backward transitions (p = .006). Additionally, transitions of lag +1
and �1 were more likely than transitions of any other lag (p <
.001 for all comparisons). To better assess transitions between the
encoded values of items at retrieval we computed a variant of
the lag-CRP entitled Lag-v CRP. Value did not affect the conditional
response probabilities for the control or the value condition
(p = .068, Fig. 4b). Regarding their backward transition, participants
in the value condition were significantly more likely to show a -1
lag-v and -2 lag-v transitions compared to negative transitions
3,4, and 5 (p < .05 for all comparisons).
Discussion

Experiment 1 investigated whether presenting participants
with to-be-remembered items that vary in value, in the context
of delayed free recall paradigm, alters some of the widely accepted
memory regularities observed in delayed free recall. We aimed to
achieve this by comparing the recall dynamics of delayed free
recall of a control and a value condition that were identical with
the only difference being that the participants in the value condi-
tion were told that the numbers next to the study items denoted
the importance of remembering that particular item later on.

Our results indicated that assigning differential value to the
study items does not affect total recall during a delayed free recall
task. Both probability of recall and probability of first recall indi-
cated a main effect of serial position, a main effect of value and a
significant interaction between condition and value. This indicated
that while value did not take away the serial position effects it did
affect both measures for participants in the value condition. Lastly,
the lag conditional response probabilities were consistent with
previous literature, while the lag-v conditional response probabil-
ities were relatively unaffected by value and hard to interpret.

The take home message for Experiment 1 is that, similar to
what we predicted, value had an effect on several of the recall
dynamic measures, the most clear of which were probability of
recall as a function of serial position and probability of first recall.
However, inconsistent with our predictions, value did not take
away the effects of serial position. In fact, the two variables appear
to be acting in concert to influence memory search dynamics. The
simplest explanation for the results of Experiment 1 is that regard-
less of the fact that we are introducing a variable as critical as
value, serial position effects are universal and remain even after
the task has attempted to orient participants to a new dimension,
namely value.

To further assess the relation between value and temporal con-
text, in Experiment 2 we introduced an ascending and a descend-
ing condition where the order of the presentation of the values
was ascending and descending respectively. We believed that cor-
relating value presentation with temporal context would allow
participants to associate the items with their values more effi-
ciently while maintaining the same presentation rate and temporal
structure. Additionally, we believed that this order of presentation



Fig. 2. a. Probability of recall as a function of value conditionalized for serial position 1. b. Probability of recall as a function of value conditionalized for serial position 2. Error
bars represent one standard error of the mean.

Fig. 3. a. Probability of first recall as a function of serial position. b. Probability of first recall as a function of value. Error bars represent one standard error of the mean.

Fig. 4. a. Lag-conditional response probabilities. b. Lag-v conditional response probabilities. Error bars represent one standard error of the mean.
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manipulation would allow us to make more concrete predictions in
terms of the effects of value on the several free recall measures.

Experiment 2

The purpose of Experiment 2 was to attempt to manipulate
these memory regularities in a more predictable manner. To
achieve this goal, we manipulated the order of the value-
presentation within each list. In Experiment 1, the values within
each list were assigned in random order. In Experiment 2, we
included two more conditions. In one condition the values
appeared in an ascending arithmetical order (1 to 10), while in
another condition the values appeared in a descending arithmeti-
cal order (10 to 1). We believed that this manipulation would allow
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us to make more concrete predictions for how recall dynamics are
sensitive to informational value by placing the temporal and value
dimensions used for search in concordance versus opposition.
Participants and design

Sixty participants were recruited from the Arizona State Univer-
sity participant pool and were randomly assigned to one of the
three conditions (random, ascending, descending), so that we
ended up with 20 participants in each condition. All participants
were native English speakers and they received course credit for
their participation. Each participant was tested individually in lab-
oratory sessions lasting approximately one hour. Participants per-
formed two practice lists with letters and 20 lists of 10 words each.
Words were 200 nouns selected from the Toronto word pool
(Friendly et al., 1982).
Procedure

The procedure and materials for Experiment 2 was identical to
that of Experiment 1 with the following difference. The order of the
values within each list for the random condition was random just
like it was in the value condition of Experiment 1. However, the
order of the values was in lockstep with the input position in an
ascending manner for the ascending condition and descending
for the descending condition. Therefore, Experiment 2 consisted
of three conditions: a random condition, which was identical to
the value condition from Experiment 1, an ascending condition,
in which the values appeared in an ascending order within each
list, and a descending condition, in which the values appeared in
a descending order within each list.
Results

Participants recalled roughly 54%, (SE = 3.47), of the presented
items. Total recall did not differ significantly among conditions,
p = .569. Participants in the ascending condition recalled an aver-
age of 114.4 (57.2%) items, (SE = 6.6), participants in the descend-
ing condition recalled an average of 107.2 (53.6%) items, (SE =
6.3), and participants in the random condition recalled approxi-
mately 105.8 (52.9%) items (SE = 5.13).

In regards to probability of recall, a 3 (Condition: Random,
Ascending, Descending) � 10 (Serial Position: 1 to 10) mixed
ANOVA demonstrated no main effect of condition, F(2, 57) < 1, a
main effect of serial position, F(9, 513) = 12.542, MSE = 2.99, p <
.001, partial g2 = .18, and an interaction between condition and
serial position, F(18, 513) = 22.437, MSE = .534, p < .001, partial
g2 = .44. Specifically, probability of recall for the random and the
descending condition demonstrated a strong primacy effect, while
probability of recall for the ascending condition demonstrated a
strong recency effect (Fig. 5a). This is notable because recency
effects are not usually observed in delayed free recall paradigms.

The omnibus ANOVA was significant for serial positions
1,2,3,4,7,8,9, and 10 (p < .001 for all comparisons). For the sake of
length we will report the comparisons for serial positions
1,2,3,8,9, and 10. The ascending and descending conditions differed
significantly for all 6 of those comparisons (p < .001 for all compar-
isons). Participants in the ascending condition recalled signifi-
cantly more items from serial positions 8,9, and 10 and
significantly fewer items from serial positions 1,2, and 3 compared
to participants in the descending condition. This demonstrated a
recency effect for the ascending condition and a primacy effect
for the descending condition which was expected considering the
fact that higher-value items appeared in recency positions for that
the ascending condition and in primacy positions for the descend-
ing condition.

The ascending and random conditions differed significantly for
items from serial position 2,8,9 and 10 (p < .05 for these four com-
parisons). More specifically participants in the ascending condition
were more likely to recall items from the last three serial positions
and less likely to recall items from the first three serial positions
compared with participants in the random condition. This was
expected because the last three serial positions for the ascending
condition included the three highest-value items while the first
three serial positions contained the three lowest-value items.

The descending and random conditions differed significantly for
items from serial positions 1,3,8 (p < .05 for these three compar-
isons). Participants in the descending condition were significantly
more likely to recall items from serial positions 1 and 3 and less
likely to recall items from serial position 8. Although not as strong
as with the ascending condition, this effect was again expected
considering the fact that the high-value items come in the first
three serial positions for the descending condition.

The above results are evidence of our hypothesis that value
would guide probability of recall across serial position (Fig. 5b).
In fact, for probability of recall in terms of value a 3 (conditions)
� (10 values) general linear model we found no main effect of con-
dition F(2, 57) < 1, a main effect of value, F(9, 513) = 69.143, MSE =
1.66, p < .001, partial g2 = .548, and an interaction between condi-
tion and value, F(18, 513) = 2.487, MSE = .06, p = .001, partial g2 =
.08. The omnibus ANOVA was significant for values 1 and 10 (p <
.02 for both comparisons). Participants in the ascending condition
were more likely to recall an item of value ‘‘1” (p = .021) and less
likely to recall an item of value ‘‘10” (p = .035) compared to partic-
ipants in the descending condition. While not expected, it becomes
clear that primacy is increasing the proportion of lower-value
items recalled by participants in the ascending condition while
increasing the proportion of higher-value items recalled by partic-
ipants in the descending condition. Participants in the ascending
condition were also more likely to recall an item of value ‘‘1” (p
= .013) compared to participants in the random condition, which
again demonstrates the fact that primacy is increasing the propor-
tion of items of value ‘‘1” being recalled by the participants in the
ascending condition. Note in the graphs that probability of recall as
a function of serial position is identical to probability of recall as a
function of value for the ascending condition, while it is the mirror
image for the descending condition.

For probability of first recall in terms of serial position, we
found no main effect of condition, F(2, 57) = 1.75, p = 1.83, a main
effect of serial position, F(9, 513) = 51.46, MSE = .585, p < .001, par-
tial g2 = .474, and an interaction between condition and serial posi-
tion, F(18, 513) = 14.203, MSE = .161, p < . 001, partial g2 = .333
(Fig. 6a). The omnibus ANOVA was significant for serial positions
1,2,3,5,6,7,8,9, and 10 (p < .025 for all comparisons). For the sake
of length we will report the comparisons for serial positions
1,2,3,8,9, and 10. Participants in the ascending condition were sig-
nificantly less likely to begin their recall with an item of serial posi-
tion 1 and 3, significantly more likely to begin their recall with an
item of serial position 8 and 9 (p < .03 for those four comparisons)
compared to participants in the descending condition. This demon-
strates that, due to the fact that higher-value items came at the end
of each study list, participants in the ascending condition were
more likely to begin their recall with a recency item since those
items were of higher value. Recency is not usually seen in probabil-
ity of first recall in delayed free recall so this is a novel finding.
Additionally, participants in the ascending condition are signifi-
cantly less likely to begin their recall with an item of serial position
2 and 3 (p < .02 for both comparisons) compared to the random
condition. This was again expected and explained by the fact that
primacy items in the ascending condition have the lowest values



a b
Fig. 5. a. Probability of recall as a function of serial position. b. Probability of recall as a function of value. Error bars represent one standard error of the mean.

Fig. 6. a. Probability of first recall as a function of serial position. b. Probability of first recall as a function of value. Error bars represent one standard error of the mean.
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so participants are less likely to begin recall with those low-value
items. Lastly, participants in the descending condition are more
likely to begin their recall with an item of serial position 1 com-
pared to participants in the random condition. This was expected
considering that the highest-value item is always presented in
serial position 1 for the participants in the descending condition.

The above results regarding probability of first recall are consis-
tent with our hypothesis that value would guide probability of first
recall (Fig. 6b). In fact, a 3 (Condition: Random, Ascending, Descend
ing) � 10 (Value: 1 to 10) mixed ANOVA we found no main effect
of condition, F(2,57) = 1.75, p = .183, a main effect of value, F(9, 5
13) = 42.821, MSE = .502, p < .001, partial g2 = .42, and a significant
interaction, F(8, 513) = 17.4, MSE = .204, p < 001, partial g2 = .379.
The omnibus ANOVA was significant for serial positions 1,5,6,7,9,
and 10. For the sake of length we will report the comparisons for
serial positions 1,9, and 10. Seemingly due to primacy, participants
in the ascending condition are significantly more likely to begin
their recall with an item of value 1 (p = .01) compared to partici-
pants in the descending condition. Additionally, due to the fact that
recency effects are usually non-existent in delayed free recall, par-
ticipants in the ascending condition are a lot less likely to begin
their recall with an item of value 10 (p < .001). These results sug-
gest that even though value guides probability of first recall serial
position might still be playing a role in probability of first recall.
Additionally, and for similar reasons, participants in the ascending
condition are significantly more likely to begin their recall with an
item of value 1 (p = .007) and significantly less likely to begin their
recall with an item of 9 or 10 (p < .025), compared to the random
condition. Lastly, participants in the descending condition were
significantly less likely to begin their recall with an item of value
9 (p = .018) and significantly more likely to begin their recall with
an item of value 10 (p < .001) compared with participants in the
random condition. Our results seem to be suggesting that both
serial position and value are contributing to probability of first
recall. Note in the graphs that probability of first recall as a func-
tion of serial position is identical to probability of first recall as a
function of value for the ascending condition, while it is the mirror
image for the descending condition.

Conditional response probabilities were both a function of lag
(Fig. 7a) and a function of value lag (lag-v) (Fig. 7b). The lag condi-
tional response probabilities for the random condition were similar
to what one might expect to see in the literature. Forward transi-
tions of lag were stronger than backward transitions for all three
conditions (p < .01 for all). Additionally, +1 and -1 lag transitions
were significantly more likely in all three conditions, which is con-
sistent with previous research (p < .003 for all). It therefore appears
that presenting value in lock step with temporal context increases
+1 transitions for both the ascending and the descending condi-



Fig. 7. a. Lag-conditional response probabilities. b. Lag-v conditional response probabilities. Error bars represent one standard error of the mean.
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tions. Conditional response probabilities were also a function of
value. As expected backward lag-v transitions were significantly
more likely, but only for the descending condition (p < .001). In
fact, participants in the ascending and random conditions were sig-
nificantly more likely to transition forward (p < .04 for both) and
the discerning reader will note that the ascending lag-v conditional
response probability function equates to the lag conditional
response probability function.
Discussion

Experiment 2 investigated whether presenting participants
with to-be-remembered items that vary in value alters some of
the widely accepted memory search regularities. More specifically,
by comparing an ascending, a descending condition and a random
condition, we aimed to investigate whether coupling or decoupling
value-presentation order from temporal order might facilitate
recall as well as modify recall dynamics in a different and more
predictable manner than what is reported in Experiment 1.

Again our results demonstrated that assigning differential value
to the study items and manipulating the order of the presentation
of the values does not affect total recall during the delayed free
recall. Both probability of recall and probability of first recall indi-
cated a main effect of serial position, a main effect of value as well
as significant interactions of both serial position and value with
condition. This indicated that the order of presentation of the val-
ues alters the serial position effects that are usually seen in the lit-
erature and also modifies the value effects that we found in
Experiment 1. The lag conditional response probabilities were con-
sistent with previous literature. However, value and its order of
presentation had a clear effect on the lag-v conditional response
probabilities, where the descending condition exhibited stronger
backward transitions, while the other two conditions exhibited
stronger forward transitions.

Collectively, our results suggest that when high-value items
appear in primacy positions for the descending condition, partici-
pants in that condition are more likely to begin their recall with
a high-value item and then transition to lower-value items. On
the other hand, due to the values appearing in an increasing order
for the ascending condition, participants in that condition are more
likely to begin their recall with a low-value item and then transi-
tion to higher-value items. The random condition is simply repli-
cating the results of the value condition from Experiment 1.

The take home message from Experiment 2 is that value had an
effect on several of the recall dynamic measures. Temporal order of
presentation of the values also played an important role in Experi-
ment 2. One of our most interesting results is the fact that the
ascending condition is exhibiting a strong recency effect for both
probability of recall and probability of first recall, neither of which
are usually seen in the literature. In fact, orienting participants to
the dimension of value had an influence on recall dynamics pre-
dicted by contemporarymodels of free recall that propose temporal
context is a guiding factor in memory search. These results make it
obvious that participants are sensitive to the dimension of value
and that the order of presentation of the value affects the way that
participants organize their memory around that dimension.

One could argue that participants in the ascending condition
simply ignore the low-value items and rehearse the high-value
items instead. However, the distractor task is intended to not allow
for rehearsal. Therefore the most recently presented (high-value)
items should almost never be rehearsed and as a result almost
never be recalled. This is clearly not the case. Importantly, partici-
pants in the ascending condition remembered more low-value
items compared to the other two condition, potentially due to pri-
macy and rehearsal. Therefore rehearsal is indeed having an effect
on probability of recall. However, participants in the ascending
condition are still remembering more high than low-value items,
suggesting that rehearsal is not the only driving force for more
important information being remembered better.

To better understand the underlying mechanism behind this
selectivity for information of higher value, as well as the role of
rehearsal in this selectivity, we presented the participants of Exper-
iment 3 with a surprise memory test for the numbers/values of the
studied words. We theorized that in addition to temporal source
and semantic context features that drive free recall, value provides
a reward-based dimension to learning and retrieval. Therefore,
valuemay be encoded like those other dimensions. Under this alter-
native, we would expect participants to more accurately recall the
values associated with the words above chance. Additionally, we
asked the participants of Experiment 3 to overtly rehearse the
words during study to examine whether rehearsal for high and
low-value items differs in similar ways to memory for those items.
Experiment 3

The purpose of Experiment 3was to better investigate the role of
rehearsal in value-directed remembering and to test whether par-
ticipants in the value condition are focusing on the value and suc-
cessfully associating it with the studied item. Participants in
Experiment 3 were asked to overtly rehearse the study items. Addi-
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tionally, we tested participant’s memory for the numbers/values
associated with the words they studied to examine whether partic-
ipants are focusing on and encoding the value that went with each
to-be-remembered item. To accomplish this, we surprised partici-
pants with a cued-recall test for the numbers/values associated
with the studied items of the last study list, immediately after the
last study list, and a final recall test where they were given all the
words from the first 10 lists they studied and were asked to recall
the number/value the word was paired with during the study trials.

Participants & design

Forty participants were recruited from the Arizona State Univer-
sity participant pool and were randomly assigned to either a value
or a control condition so that we ended up with 20 participants in
each condition. All participants were native English speakers and
they received course credit for their participation. Each participant
was tested individually in laboratory sessions lasting approxi-
mately a half hour. Participants performed two practice lists with
letters, 10 trials of 10 words each, an 11th trial followed by a sur-
prise recall test for the numbers/values for that list, and a surprise
final recall test for the numbers/values that included studied words
from the first 10 trials. We included the recall test for list 11 in case
the performance for the overall recall test was at floor. Additionally,
participants were asked to overtly rehearse the study items in all
eleven study trials. Words were 110 nouns selected from the Tor-
onto word pool (Friendly et al., 1982).

Procedure

The procedure and materials for Experiment 3 was identical to
that of Experiment 1 for the first 10 study lists with the addition of
the overt rehearsal. After the end of the 11th study list, instead of
recalling the studied words, participants were given a surprise
recall test for the numbers/values associated with each studied
word. More specifically participants saw each word they studied
in list 11 one at a time and were asked to make a 10-alternative
forced choice judgment for the number/value associated with each
word. At the end of the recall test for the 11th trial, participants
were given another surprise recall test where they had to make
the same 10 alternative forced choice judgment for numbers/value
of every word they studied in first 10 trials.

Results

Overall, free recall dynamics qualitatively replicated the pat-
terns found in Experiment 1 and are not presented here but they
Fig. 8. a. Mean number of rehearsals as a function of serial position. b. Mean number of r
are available in the online materials. The rehearsal data from the
first 10 lists were scored in terms of mean number of rehearsals
as a function of condition (Control versus Value), serial position (
1 �1 0) and value position (1 �1 0). These data can be seen in
Fig. 8a and b, respectively. In Fig. 8a, we replicated Ward and
Tan’s (2004) finding that rehearsal counts decrease as a function
of serial position, F(9, 342) = 6.085, MSE = .506, p < .001, partial
g2 = .14. There was no effect of condition on mean number of
rehearsals, F(1, 38) = .689, MSE = 14.877, p = .412, partial g2 =
.018. Importantly, the decrease in mean rehearsals as a function
of serial position was not influenced by condition, F(9, 342) =
.297, MSE = .506, p = .975, partial g2 = .008. In Fig. 8b, rehearsal
counts were not influenced by value, F(9, 342) = 1.482, MSE =
.426, p < .153, partial g2 = .038. There was also no main effect of
condition on mean number of rehearsals, F(1, 38) = .373, MSE =
11.408, p = .545, partial g2 = .010. Critically, there was an interac-
tion between value and condition, F(9, 342) = 3.447, MSE = .426,
p < .001, partial g2 = .083. This interaction occurred because partic-
ipants in the value condition rehearsed more high value words
than participants in the control condition. However, it is notewor-
thy that the difference between these conditions for the highest
value item was less than 1 rehearsal likely due to the presentation
rate, t(38) = .982, p = .332. Taken together, rehearsal changed as a
function of serial position but was not strongly influenced by being
in the value condition.

When tested for their memory for the values/numbers associ-
ated with the words in the 11th block we found that participants
in the value condition (M = .270, SE = .038) successfully remem-
bered more values than participants in the control condition (M
= .095, SE = .020), t(38) = 4.10, p < .001, d = 1.33. Next, we com-
puted a relative accuracy score for each participant which was a
Spearman’s rank correlation coefficient (rs). These scores indicate
the degree of monotonicity between the true value originally
paired with the items and the encoded value of the items repre-
sented in memory. If participants were sensitive to the value
dimension, then their relative accuracy scores should be greater
than 0. Participants in the value group (Mrs = .332, SE = .090) were
more sensitive to changes in the value dimension at encoding than
participants in the control group (Mrs = .009, SE = .079), t(38) =
2.69, p = .01, d = .87.

Lastly, when tested for their memory for the values associated
with each word they studied from the first 10 trials (i.e., a 100 item
memory test), participants in the value condition (M = .197, SE =
.026) successfully remembered more numbers than participants
in the control group (M = .089, SE = .011), t(38) = 3.76, p < .01, d =
1.22. Participants in the value group (Mrs = .250, SE = .049) were
also more sensitive to changes in the value dimension at encoding
ehearsals as a function of value. Error bars represent one standard error of the mean.



Fig. 9. The frequency distribution of difference between original value and recalled value for the Control and Value conditions.
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than participants in the control group (Mrs = �.012, SE = .029), t
(38) = 4.61, p = .001, d = .1.49.

Finally, we evaluated the group-level degree of error in value
judgments by creating a difference score for each judgment for
each participant (Original Value – Remembered Value). Partici-
pants in the value condition had a greater relative frequency of dif-
ference score values at �1, 0, and 1 reflecting a more leptokurtic
distribution. As can be seen in Fig. 9, a two-sample Kolmogorov-
Smirnov test confirmed that participants error distributions dif-
fered as a function of condition, z = 2.21, p < .01.
Experiment 4

The purpose of Experiment 2 was to manipulate memory regu-
larities in a more predictable manner by correlating value and tem-
poral context dimensions. To achieve this goal, we manipulated the
order of the value-presentation within each list to be ascending,
descending, or random. The purpose of Experiment 4 was to paral-
lel Experiment 2 in the same way Experiment 3 paralleled Experi-
ment 1. By manipulating the order of value-presentation within
each list we hoped to make the dimension of value more dominant
and explore how this prevalence manifested in the rehearsal of
items of different value, as well as, how it is affecting memory
for the values/numbers. Participants in Experiment 4 were asked
to overtly rehearse the study items. Additionally, we tested partic-
ipant’s memory for the values/numbers associated with the words
they studied to examine whether participants were focusing on
and encoding the value associated with each to-be-remembered
item. To accomplish this, we surprised participants with a recall
test for the numbers/values associated with the studied items of
the last study list, immediately after the last study list, and a final
recall test where they were given all the words from the first 10
lists they studied and were asked to recall the number/value the
word was paired with during the study trials.
Participants & design

Sixty participants were recruited from the Arizona State Univer-
sity participant pool and were randomly assigned to one of the
three conditions (random, ascending, descending), so that we
ended up with 20 participants in each condition. All participants
were native English speakers and they received course credit for
their participation. Each participant was tested individually in lab-
oratory sessions lasting approximately a half hour. Participants
performed two practice lists with letters, 10 trials of 10 words
each, an 11th trial followed by a surprise recall test for the num-
bers/values for that list, and a surprise overall recall test for the
numbers/values that included studied words from the first 10 tri-
als. We included the recall test for list 11 in case the performance
for the overall recall test was at floor. Additionally, participants
were asked to overtly rehearse the study items in all eleven study
trials. Words were 110 nouns selected from the Toronto word pool
(Friendly et al., 1982).
Procedure

The procedure and materials for Experiment 4 was identical to
that of Experiment 2 for the first 10 study lists with the addition of
the overt rehearsal. After the end of the 11th study list, instead of
recalling the studied words, participants were given a surprise
recall test for the numbers/values associated with each studied
words. More specifically participants saw each word they studied
in list 11 one at a time and were asked to make a 10 alternative
forced choice judgment for the number/value associated with each
word. At the end of the recall test for the 11th trial, participants
were given another surprise recall test where they have to make
the same 10 alternative forced choice judgment for numbers/value
of every word they studied in first 10 trials.
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Results

Overall, free recall dynamics qualitatively replicated the pat-
terns found in Experiment 2 and can be accessed from the online
materials. The rehearsal data from the first 10 lists were scored
in terms of mean number of rehearsals as a function condition
(Random, Ascending, Descending), serial position (1 �1 0), and
value position (1 �1 0). These data can be seen in Fig. 10a and b,
respectively. In Fig. 10a, we replicated Ward and Tan’s (2004) find-
ing that rehearsal counts decrease as a function of serial position, F
a
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Fig. 11. The frequency distribution of difference between original value and
(9, 513) = 15.973, MSE = .632, p < .001, partial g2 = .219. Impor-
tantly, the decrease in mean rehearsals as a function of serial posi-
tion was influenced by condition, F(9, 513) = 4.708, MSE = .632, p <
.001, partial g2 = .142. This interaction was driven by participants
in the descending condition differentially rehearsing primacy
items when compared with participants in the random and
ascending conditions. In Fig. 10b, rehearsal counts were influenced
by value, F(9, 513) = 8.432, MSE = .513, p < .001, partial g2 = .129.
This outcome is different from the results in experiment 3 due to
value being important for all groups in the current experiment.
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recalled value for the Random, Ascending, and Descending conditions.
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There was a main effect of condition on mean number of rehear-
sals, F(1, 57) = 3.635, MSE = 4.556, p < .05, partial g2 = .113.
Follow-up Bonferonni correct post hoc tests indicated that the
effect was being driven by differences between the Random and
Descending condition (p < .05), all other comparisons were non-
significant (p > .05). Critically, there was an interaction between
value and condition, F(9, 513) = 8.065, MSE = .649, p < .001, partial
g2 = .221. Taken together, rehearsal changed as a function of serial
position and value position. These effects occurred because partic-
ipants overall rehearsed high value words more than low. Addi-
tionally, people in the descending condition further drove the
effect because they had more time to rehearse the high value
words due to them appearing earlier in the study phase.

When tested for their memory for the values/numbers associ-
ated with the words in the 11th block we found no significant dif-
ferences between participants in the three groups, F(2, 59) = 1.298,
MSE = .033, p = .281. Next, we computed a relative accuracy score
for each participant which was a Spearman’s rank correlation coef-
ficient (rs). These scores indicate the degree of monotonicity
between the true number paired with the items and the encoded
number of the items represented in memory. If participants were
sensitive to the value dimension, then their relative accuracy
scores should be greater than 0. Participants in each of the groups
displayed significant value sensitivity (Random, Mrs = .257, SE =
.099; Ascending; Mrs = .552, SE = .081; Descending, Mrs = .369, SE
= .120), but the groups did not differ in their degree of value sensi-
tivity, F(2, 59) = 2.136, MSE = .207, p = .127.

Lastly, when tested for their memory for the values associated
with each word they studied from the first 10 trials participants
in all three conditions showed value sensitivity as indicated by
Spearman’s rank correlation coefficient (Random, Mrs = .153, SE =
.035; Ascending; Mrs = .332, SE = .050; Descending, Mrs = .245, SE
= .067). Furthermore, groups were significantly different from
one another, F(2, 59) = 4.297, MSE = .004, p < .05, partial g2 = .221.
Follow-up, Bonferonni corrected post hoc analyses indicated that
the Ascending (M = .191, SE = .018) condition significantly
differed from the Random (M = .134, SE = .012, p < .01) and
Descending (M = .149, SE = .011, p < .05) conditions, all other
comparisons were nonsignificant (p > .05). Finally, we evaluated
the degree of error in value judgements by creating a difference
score for each judgement (Original Value – Remembered Value).
Participants in the ascending and descending value conditions
had a greater relative frequency of difference score values at �1,
0, and 1 reflecting a more leptokurtic distribution. As can be seen
in Fig. 11, a two-sample Kolmogorov-Smirnov test confirmed that
participants error distributions differed as a function of condition,
z = 2.21, p < .01.
General discussion

In the present investigation we developed four experiments,
using a slightly altered delayed free recall paradigm, to investigate
how informational value modifies the encoding and retrieval
dynamics of memory organization and memory search. In Experi-
ment 1, we compared the recall dynamics between a control and
a value condition, where the only difference was that participants
in the value condition were told that the numbers next to the study
items denoted the importance of remembering each particular
item during recall. Experiment 2 consisted of a random condition,
which was identical to the value condition of Experiment 1 and an
ascending and descending condition, where value was in lockstep
with the serial position in an ascending and a descending manner
respectively. Our results from both experiments demonstrated that
both temporal context and value had mutual effects on practically
all measures of recall dynamics.
In Experiment 1, participants in the value condition recalled
more high- than low-value items and were also more likely to
begin their recall with higher-value items compared with partici-
pants in the control condition. Experiment 3 highlighted that par-
ticipants differentially rehearsed higher value information and
subsequently showed better associative memory for values when
cued with the study words. In Experiment 2, participants in all
three conditions were more likely to recall high-value items. How-
ever, participants in the ascending conditions were less likely to do
so compared with participants in the other two conditions. A sim-
ilar pattern of results was found for probability of first recall where
participants in the ascending condition were more likely to begin
their recall with a lower-value item compared with participants
in the descending and random conditions. Additionally, in Experi-
ment 2, the lag-v conditional response probabilities exhibited
stronger backward transitions for the descending condition,
although the ascending and random condition exhibited stronger
forward transitions. Experiment 3 highlighted that participants
took advantage of overlapping value and temporal context to facil-
itate encoding of information and showed better associative mem-
ory for values when cued with the study words. The temporal
contextual effects observed across these four experiments are sim-
ilar to those observed in the literature, as we found primacy effects
for probability of recall and probability of first recall for all condi-
tions in both experiments, with the exception of a strong recency
effect for the ascending condition in Experiments 2 and 4.

Current theories of episodic memory account for the stereo-
typed pattern of performance in the serial position function, prob-
ability of first recall function, and lag conditional response
probability function by suggesting that memory search is guided
by temporal context at encoding and the use of temporal contex-
tual cues at the time of retrieval (Howard & Kahana, 2002). These
models have been updated to incorporate additional regularities
of memory search including recency effects (Sederberg, Howard,
& Kahana, 2008), semantic and source clustering (Polyn, Norman,
& Kahana, 2009), and interlist interference effects (Lohnas, Polyn,
& Kahana, 2015). The current results suggest that relative differ-
ences in informational value at encoding and motivation to recall
higher value information at retrieval influences the participant’s
reliance on temporal contextual cues leading to patterned differ-
ences in memory search regularities. Computational modelers
may wish to incorporate the current results in their models insofar
as they provide key information about how temporal contextual
cues interact with value-directed processes to guide episodic
memory encoding and retrieval processes.

Rehearsal-based theories argue that early list items have more
opportunities for rehearsal in short-term memory and thus have
a greater chance of being processed into long-term memory result-
ing in primacy effects (Anderson, Bothell, Lebiere, & Matessa, 1998;
Rundus, 1971). Others argue that primacy results from the fact that
items that come at the beginning of a list have less or no interfer-
ence compared to items that come at the end of a list (Wixted &
Ebbesen, 1991). Our results have important implications in terms
of memory theory and theory development in these domains as
well. Even though the introduction of a new dimension, namely
value, did not eliminate the primacy effect, it did produce some
unanticipated findings that were not predicted by these views.
Specifically, the presence of value and the order of value-
presentation in the ascending condition in Experiment 2 did not
simply take the primacy effect away but it created a strong recency
effect for both probability of recall and probability of first recall.
These results suggest that both rehearsal, organizational, and
retrieval processes contribute to value-directed remembering
effects found in the literature.

Our results have some interesting implications also in terms of
theory of why important information is remembered better than
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less important information. Specifically, we can refute the hypoth-
esis that rehearsal is the sole driving force for this apparent selec-
tivity for higher-value information. According to Laming’s
algorithm (Laming, 1999, 2006, 2010), if rehearsal was the mecha-
nism by which important information is remembered better, then
participants in the ascending condition in Experiment 2 should be
remembering more low than high-value items as a result of the
fact that they have more time to rehearse those low-value items
because they appear at the beginning of each study list. However,
our results indicated that participants in the ascending condition
are recalling more high than low-value items, exhibiting a recency
effect, even though those high-value items appear at the end of the
study list and thus participants have less time to rehearse them.
Also, one would expect larger rehearsal differences in Experiments
3 and 4 which were smaller due to the stimuli presentation times.
Therefore, while differential rehearsal is an important component
of value-directed remembering, and memory encoding more gen-
erally, value potentially facilitates encoding in a variety of ways
including reward learning mechanisms and elaborative encoding.
Also, it is possible that in free recall tasks, value acts as a contextual
dimension that can guide the search and organization of output as
demonstrated in all Experiments in the current study.

Recently Ariel and Castel (2014) proposed and tested two non-
exclusive hypothesis for why participants are successful in better
remembering important information, namely the differential
resource allocation hypothesis and the information reduction
hypothesis. According to the former, participants attempt to
encode both high and low-value items but they allocate more
attention to the high-value items. On the other hand, according
to the information reduction hypothesis participants attempt to
entirely avoid and ignore low-value items during study. We believe
that our results provide support for the differential resource alloca-
tion hypothesis. We propose that the fact that participants in the
ascending condition are recalling more low-value items than par-
ticipants in the other two conditions is evidence that participants
are not simply ignoring low-value items, and thus, the current
results provide weak support for the differential resource alloca-
tion hypothesis. This is because it is possible that participants
should have developed a strategy to always ignored the first 4–5
items and simply study the last 5 items that also happened to be
the highest-value items in the ascending condition. However, a
key take home message from the current study is the both tempo-
ral contextual cues and value directed cues influence retrieval sup-
porting the differential resource allocation hypothesis.

In the current study we chose to investigate performance in
delayed free recall tasks instead of either immediate free recall
or continual distractor recall tasks. In future work examining
value-directed encoding and retrieval processes in recall using
these other tasks, researchers can assess the effect of value on both
primacy and recency. Whereas we would expect similar patterns of
results in primacy components from these tasks, it is an outstand-
ing question how value modulates information being held in pri-
mary memory. On the one hand, the degree to which value
serves to influence control processes at encoding may similarly
influence memoranda held in both secondary and primary mem-
ory. On the other hand, the degree to which value prioritizes infor-
mation in primary memory and serves as an effective retrieval cue
for accessing secondary memory could create differences based on
the task demands from differing recall tasks. Thus, future research
on this topic is warranted.

In summary, the current results illustrate that participants
encode items with regard to their temporal ordering and informa-
tional value and these data are useful for theoretical and computa-
tional theories of memory search. It appears that participants
allocated attention to the low-value items but increased this allo-
cation for the high-value items and this focus created more or less
reliance on temporal context across conditions. It is possible that
participants develop a distinct agenda for how to encode the infor-
mation. Therefore, there is a possibility that participants in the
value condition of Experiment 1 and the descending and random
conditions of Experiment 2 are actually attempting to entirely
ignore the low-value items. However, until we have further proof
that is the case we are assuming that participants in all three con-
ditions are using similar strategies to encode the information and
maximize their points. Additionally, even if participants in the
descending and random conditions are using different strategies
they are still recalling a relatively high percentage of low-value
items. Therefore the differential resource allocation hypothesis
appears to be the most parsimonious explanation for how partici-
pants are successful at selectively remembering higher-value
information. Future studies should examine this hypothesis by
suggesting different strategies to the participants before the begin-
ning of the experiment. Additionally, future research could better
test the differential resource allocation hypothesis by manipulat-
ing depth of encoding for high compared to low-value items.
Lastly, future research ought to have participants assign values to
the study items before study, as subjective and objective assign-
ment of informational value may give rise to differential effects
on episodic organization and search.
Author Notes

Portions of this research were presented in Katerina Stefanidi’s
Masters Thesis at Arizona State University. GB was supported by
the Army Research Institute during the completion of this work
(grant number W911NF-17-1-0175). We would like to extend a
special acknowledgement to Arthur Glenberg, Stephen Goldfinger,
and Blake Elliot for their helpful feedback on previous drafts of this
manuscript.
References

Anderson, J. R., Bothell, D., Lebiere, C., & Matessa, M. (1998). An integrated theory of
list memory. Journal of Memory and Language, 38(4), 341–380.

Ariel, R., & Castel, A. D. (2014). Eyes wide open: Enhanced pupil dilation when
selectively studying important information. Experimental Brain Research, 232,
337–344.

Ariel, R., Dunlosky, J., & Bailey, H. (2009). Agenda-based regulation of study-time
allocation: When agendas override item-based monitoring. Journal of
Experimental Psychology. General, 138, 432–447.

Bui, D. C., Friedman, M. C., McDonough, I. M., & Castel, A. D. (2013). False memory
and importance: Can we prioritized encoding without consequences? Memory
and Cognition, 41, 1012–1020.

Castel, A. D. (2008). The adaptive and strategic use of memory by older adults:
Evaluative processing and value-directed remembering. In A. S. Benjamin & B.
H. Ross (Eds.). The psychology of learning and motivation (Vol. 48, pp. 225–270).
London, UK: Academic Press.

Castel, A. D., Benjamin, A. S., Craik, F. I. M., & Watkins, M. J. (2002). The effects of
aging on selectivity and control in short- term recall. Memory and Cognition, 30,
1078–1085.

Castel, A. D., Farb, N., & Craik, F. I. M. (2007). Memory for general and specific value
information in younger and older adults: Measuring the limits of strategic
control. Memory and Cognition, 35, 689–700.

Castel, A. D., Rhodes, M. G., McCabe, D. P., Soderstrom, N. C., & Loaiza, V. M. (2012).
The fate of being forgotten: Information that is initially forgotten is judged as
less important. The Quarterly Journal of Experimental Psychology.

Friendly, M., Franklin, P. E., Hoffman, D., & Rubin, D. C. (1982). The Toronto Word
Pool: Norms for imagery, concreteness, orthographic variables, and
grammatical usage for 1,080 words. Behavior Research Methods and
Instruments, 14, 375–399.

Glanzer, M., & Cunitz, A. R. (1966). Two storage mechanisms in free recall. Journal of
verbal Learning and Verbal Behavior, 5(4), 351–360.

Hintzman, D. L. (2011). Research strategy in the study of memory: fads, fallacies,
and the search for the ‘‘Coordinates of truth”. Perspective on Psychological
Science, 6(3), 253–271.

Hogan, R. M. (1975). Interitem encoding and directed search in free recall. Memory
and Cognition, 3, 197–209.

Howard, M. W., & Kahana, M. J. (1999). Contextual variability and serial position
effects in free recall. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 25, 923–941.

http://refhub.elsevier.com/S0749-596X(17)30089-X/h0005
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0005
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0010
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0010
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0010
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0015
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0015
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0015
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0020
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0020
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0020
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0025
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0025
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0025
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0025
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0030
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0030
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0030
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0035
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0035
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0035
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0040
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0040
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0040
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0045
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0045
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0045
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0045
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0050
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0050
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0055
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0055
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0055
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0055
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0060
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0060
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0065
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0065
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0065


A. Stefanidi et al. / Journal of Memory and Language 100 (2018) 18–31 31
Howard, M. W., & Kahana, M. J. (2002). A distributed representation of temporal
context. Journal of Mathematical Psychology, 46(3), 269–299.

Kahana, M. J. (1996). Associative retrieval processes in free recall. Memory and
Cognition, 24, 103–109.

Kahana, M. J. (2012). Foundations of human memory. NY: Oxford University Press.
Kassam, K. S., Gilbert, D. T., Swencionis, J. K., & Wilson, T. D. (2009). Misconceptions

of memory: The Scooter Libby effect. Psychological Science, 20(5), 551–552.
Koriat, A., Ma’ayan, H., & Nussinson, R. (2006). The intricate relationship between

monitoring and control in metacognition: Lessons for the cause-and-effect
relation between subjective experience and behaviors. Journal of Experimental
Psychology: General, 135, 36–69.

Laming, D. (1999). Testing the idea of distinct storage mechanisms in memory.
International Journal of Psychology, 34, 419–426.

Laming, D. (2006). Predicting free recalls. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 32(5), 1146.

Laming, D. (2010). Serial position curves in free recall. Psychological Review, 117(1),
93.

Loftus, G. R., & Wickens, T. D. (1970). Effect of incentive on storage and retrieval
processes. Journal of Experimental Psychology: General, 85, 141–147.

Lohnas, L. J., Polyn, S. M., & Kahana, M. J. (2015). Expanding the scope of memory
search: Modeling intralist and interlist effects in free recall. Psychological
Review, 122(2), 337.

Madan, C. R., & Spetch, M. L. (2012). Is the enhancement of memory due to reward
driven by value or salience? Acta Psychologica, 12, 343–349.

Metcalfe, J., & Kornell, N. (2003). The dynamics of learning and allocation of study
time to a region of proximal learning. Journal of Experimental Psychology:
General, 132, 530–542.

Murdock, B. B. Jr., (1962). The serial position effect of free recall. Journal of
Experimental Psychology, 64(5), 482.

Murdock, B. B. (1974). Human memory: Theory and data. Potomac, MD: Erlbaum.
Nairne, J. S., Thompson, S. R., & Pandeirada, J. N. S. (2007). Adaptive memory:

Survival processing enhances retention. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 33, 263–273.

Naveh-Benjamin, M., Craik, F. I. M., Gavrilescu, D., & Anderson, N. D. (2000).
Asymmetry between encoding and retrieval processes: Evidence from divided
attention and a calibration analysis. Memory & Cognition, 28, 965–976.

Polyn, S. M., Norman, K. A., & Kahana, M. J. (2009). A context maintenance and
retrieval model of organizational processes in free recall. Psychological Review,
116(1), 129.
Rogers, T. B., Kuiper, N. A., & Kirker, W. S. (1977). Self-reference and the encoding of
personal information. Journal of Personality and Social Psychology, 35, 677–688.

Rohrer, D., & Wixted, J. T. (1994). An analysis of latency and interresponse time in
free recall. Memory & Cognition, 22(5), 511–524.

Rundus, D. (1971). Analysis of rehearsal processes in free recall. Journal of
Experimental Psychology, 89, 63–77.

Sederberg, P. B., Howard, M. W., & Kahana, M. J. (2008). A context-based theory of
recency and contiguity in free recall. Psychological Review, 115(4), 893–912.

Soderstrom, N. C., & McCabe, D. P. (2011). The interplay between value and
relatedness as bases for metacognitive monitoring and control: Evidence for
agenda-based monitoring. Journal of Experimental Psychology: Learning, Memory,
and Cognition, 37, 1236–1242.

Son, L. K., & Metcalfe, J. (2000). Metacognitive and control strategies in study-time
allocation. Journal of Experimental Psychology: Learning, Memory, and Cognition,
26, 204–221.

Symons, C. S., & Johnson, B. T. (1997). The self-reference effect in memory: A meta-
analysis. Psychological Bulletin, 121, 371–394.

Tulving, E. (1962). Subjective organization in free recall of ‘‘unrelated” words.
Psychological Review, 69, 344–354.

Tulving, E. (1968). Theoretical issues in free recall. In T. R. Dixon & D. L. Horton
(Eds.), Verbal behavior and general behavior theory (pp. 2–36). Englewood Cliffs,
NJ: Prentice-Hall.

Tversky, A. (1969). Intransitivity of preferences. Psychological Review, 76, 31–48.
Tversky, A. (1972). Elimination by aspects. A theory of choice. Psychological Review,

79, 281–299.
Unsworth, N. (2008). Exploring the retrieval dynamics of delayed and final free

recall: Further evidence for temporal–contextual search. Journal of Memory and
Language, 59, 223–236.

Wanner, H. E. (1968). On remembering, forgetting, and understanding sentences: A
study of the deep structure hypothesis Unpublished doctoral dissertation. Harvard
University.

Ward, G., & Tan, L. (2004). The effect of the length of to-be-remembered lists and
intervening lists on free recall: A reexamination using overt rehearsal. Journal of
Experimental Psychology: Learning, Memory, and Cognition, 30(6), 1196–1210.

Watkins, M. J. & Bloom, L. C. (1999). Selectivity in memory: An exploration of willful
control over the remembering process. Unpublished manuscript.

Wixted, J. T., & Ebbesen, E. B. (1991). On the form of forgetting. Psychological Science,
2, 409–415.

http://refhub.elsevier.com/S0749-596X(17)30089-X/h0070
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0070
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0075
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0075
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0080
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0085
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0085
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0090
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0090
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0090
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0090
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0095
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0095
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0100
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0100
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0105
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0105
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0110
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0110
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0115
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0115
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0115
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0120
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0120
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0125
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0125
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0125
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0130
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0130
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0135
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0140
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0140
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0140
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0145
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0145
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0145
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0150
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0150
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0150
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0155
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0155
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0160
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0160
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0165
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0165
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0170
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0170
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0175
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0175
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0175
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0175
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0180
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0180
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0180
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0185
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0185
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0190
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0190
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0190
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0195
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0195
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0195
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0200
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0205
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0205
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0210
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0210
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0210
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0215
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0215
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0215
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0220
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0220
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0220
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0230
http://refhub.elsevier.com/S0749-596X(17)30089-X/h0230

	Free recall dynamics in value-directed remembering
	Introduction
	Value and memory
	Recall dynamics in delayed free recall

	The present investigation
	Experiment 1
	Participants and design
	Procedure

	Results
	Discussion
	Experiment 2
	Participants and design
	Procedure

	Results
	Discussion
	Experiment 3
	Participants & design
	Procedure
	Results

	Experiment 4
	Participants & design
	Procedure
	Results

	General discussion
	ack25
	Author Notes
	References


