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Three experiments examined temporal isolation effects (TIEs), the recall advantage for stimuli separated by
increased inter-stimulus intervals. Prior research suggests that TIEs are observed in immediate free recall (IFR)
using longer lists, but are weaker or absent in immediate serial recall (ISR) using shorter lists. Using digit-filled
intervals to reduce rehearsal, IFR and ISR benefitted overall from longer pre-item intervals and shorter post-item
intervals, using lists of 7, 17, and 5 words (Experiments 1-3, respectively). Consistent with a grouping account,
the first words recalled were often preceded by longer pre-item intervals and transitions tended to be between

neighboring items separated by shorter intervals. Using 7-item lists with unfilled intervals (Experiment 3), both
IFR and ISR benefitted from longer post-item intervals (possibly due to rehearsal), and once the first responses
were removed, there was no effect of pre-item interval on either task. These similar findings encourage the
theoretical integration of ISR and IFR.

The present research is motivated by two main aims. First, we seek
to continue an on-going line of research examining the similarities and
differences between two widely-used and highly-influential tests of
immediate memory: immediate free recall (IFR) and immediate serial
recall (ISR). Our motivation within this first aim is to seek evidence for
greater theoretical integration between these two literatures: evidence
supporting integration would be provided to the extent that recall
performance in the two tasks is similar when the two tasks are com-
pared under similar methodologies, list lengths, and scoring systems.
Second, we seek to examine the characteristics and cause of the
Temporal Isolation Effect (TIE), the memorial advantage for items that
are temporally isolated at encoding, and so are more temporally dis-
criminable from their immediate neighbours at retrieval. Our motiva-
tion within this second aim is to better understand the variation in the
magnitudes of TIEs that have been observed in prior research, parti-
cularly given that prior research suggests that TIEs may be stronger in
IFR but may be weaker, or even absent, in ISR.

We first summarize the relationship between IFR and ISR and con-
sider the similarities and differences in the methodologies and typical
research findings from the two tasks. In the IFR task, participants are
presented with a long list of between 10 and 40 items, one at a time,
and after the last list item, they must try to recall as many items as they
can and are free to recall in any order that they wish. Each item is
scored as correct if it is output at any time during the recall period for

that trial (free recall or FR scoring). Typically, IFR performance is
dominated by strong and extended recency effects with limited primacy
(e.g., Murdock, 1962). In the ISR task, participants are presented with a
shorter list of between 5 and 8 items, one at a time, and after the last
item, they are required to recall as many items as they can in the same
serial order as they were presented. Each item is typically scored as
correct if it is output in the same serial position as it had been presented
(serial recall or SR scoring). Typically, ISR performance is dominated by
strong and extended primacy effects with very limited recency (e.g.,
Drewnowski & Murdock, 1980).

Ward, Tan, and Grenfell-Essam (2010) have outlined how the recall
performance in the two tasks has been largely explained by different
sets of theories. Theories of IFR (e.g., Davelaar, Goshen-Gottstein,
Ashkenazi, Haarmann, & Usher, 2005; Farrell, 2010; Howard & Kahana,
2002; Laming, 2006, 2010; Lehman & Malmberg, 2013; Lohnas, Polyn,
& Kahana, 2015; Metcalfe & Murdock, 1981; Polyn, Norman, & Kahana,
2009; Raaijmakers & Shiffrin, 1981; Sederberg, Howard, & Kahana,
2008; Tan & Ward, 2000; Unsworth & Engle, 2007) have tended to
focus on explanations of the strong recency effects in IFR and have said
relatively little about ISR performance, whereas theories of ISR (e.g.,
Anderson & Matessa, 1997; Baddeley, 1986, 2007, 2012; Botvinick &
Plaut, 2006; Brown, Preece, & Hulme, 2000; Burgess & Hitch, 1999,
2006; Farrell & Lewandowsky, 2002; Henson, 1998; Lee & Estes, 1981;
Lewandowsky & Farrell, 2008; Lewandowsky & Murdock, 1989; Nairne,
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1988, 1990; Neath, 2000; Oberauer & Lewandowsky, 2008; Page &
Norris, 1998, 2003) have tended to focus on explaining primacy effects
in ISR and have said relatively little about IFR performance. The case
for theoretical integration is presented in the next section.

Toward a theoretical integration of IFR and ISR

In recent years, we have argued that there are more similarities than
previously thought between IFR and ISR, and these similarities are
more apparent when the two tasks are examined using similar meth-
odologies, list lengths, and scoring systems. Prior research had sug-
gested that the two tasks differed in their serial position curves, output
orders, and their sensitivity to different variables, but more recent
evidence suggests greater similarities once the two tasks are compared
under more similar methodologies. We summarize the three historic
differences and their more recent evaluations in the following three
paragraphs.

A first historic difference between IFR and ISR is that the two tasks
are characterized by different-shaped serial position curves. The serial
position curves in IFR are typically dominated by large and extended
recency effects with reduced primacy effects, but the serial position
curves in ISR are dominated by large and extended primacy effects with
very reduced recency effects. However, Ward et al. (2010) showed that
the serial position curves were greatly affected by where participants
initiated their recall (the Probability of First Recall, PFR), and this in
turn was heavily influenced by the list length (also found in Cortis,
Dent, Kennett, & Ward, 2015; Grenfell-Essam & Ward, 2012, 2015;
Grenfell-Essam, Ward, & Tan, 2013). Participants undertaking IFR of
long lists tended to initiate recall with one of the last few list items, a
finding consistent with earlier analyses (e.g., Hogan, 1975; Howard &
Kahana, 1999; Laming, 1999), but when participants were required to
recall a far shorter list of, say, four items for IFR, they typically initiated
recall with the first list item (similar to ISR). Similarly, Ward et al.
found that participants could not always recall the first item on tests of
ISR with longer lists, and on these trials often initiated recall with one
of the last few words (similar to IFR). Moreover, Ward et al. showed
that where one starts their recall strongly influences the resultant serial
position curve: participants starting with the first list item tend to recall
other early list items and show reduced recency effects; whereas par-
ticipants starting with one of the last four items tend to recall other
recency items and show reduced primacy effects. Thus, the differences
in list length contribute to the historic differences that have been ob-
served in the serial position curves in IFR and ISR.

A second historic difference between IFR and ISR concerns the
output order in the two tasks. Although participants in ISR are in-
structed to recall in forward serial order; participants in IFR are free to
recall in any order. Nevertheless, there is growing acceptance that
participants in IFR tend to transition between successive outputs in
forward order, even though forward-ordered recall is not a task re-
quirement in IFR (e.g., Bhatarah, Ward, & Tan, 2008; Grenfell-Essam &
Ward, 2012; Ward et al., 2010, see also Beaman & Jones, 1998;
Golomb, Peelle, Addis, Kahana, & Wingfield, 2008; Howard & Kahana,
1999; Kahana, 1996; Klein, Addis, & Kahana, 2005). Indeed, partici-
pants tend to encode (Bhatarah et al., 2008; Grenfell-Essam & Ward,
2012) and rehearse (Bhatarah, Ward, Smith, & Hayes, 2009) the list
items in IFR and ISR in similar ways. As mentioned in the preceding
paragraph, the forward-ordered nature of recall in both tasks ex-
aggerates the PFR differences that occur with increasing list length, and
contributes greatly to the historic differences that have been observed
in the serial position curves in IFR and ISR.

A final historic difference between IFR and ISR concerns the sensi-
tivity of the memory span in ISR and the recency effect in IFR to dif-
ferent theoretically important variables. It is well-known that ISR is
highly sensitive to speech-based variables such as phonological simi-
larity (Baddeley, 1966), word length (Baddeley, Thomson, & Buchanan,
1975), articulatory suppression (Murray, 1967, 1968), and irrelevant
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speech (Salamé & Baddeley, 1982), whereas it has been argued (e.g.,
Baddeley, 1976, pp. 180-184) that the recency effect in IFR is not se-
lectively sensitive to these variables. However, subsequent research has
shown that when both tasks are compared using identical list lengths,
methodologies and scoring systems, both tasks are sensitive to phono-
logical similarity (Spurgeon, Ward, & Matthews, 2014), word length
(Bhatarah et al., 2009), and articulatory suppression (Bhatarah et al.,
2009) in similar ways (for comparable effects of irrelevant speech on
IFR and ISR, see Beaman & Jones, 1998). In a recent example, Grenfell-
Essam, Ward, and Tan (2017) showed that the magnitude and extent of
the modality effect in IFR and ISR were largely attributable to the list
length used: modality effects of smaller magnitude but extending over
many terminal serial positions were observed with longer lists (as ty-
pically observed in IFR), but modality effects of greater magnitude but
extending over only a very limited range of terminal serial positions
were observed with shorter lists (as typically observed in ISR).

This growing body of work suggests that many of the differences
that were previously assumed to be attributable to different theoretical
mechanisms or different encoding strategies, were actually more attri-
butable to the different list lengths that were used and retrieval stra-
tegies reflecting task instructions. When shorter list lengths (that are
characteristic of ISR) are used, both tasks show more “ISR-like” per-
formance; whereas when longer list lengths (that are characteristic of
IFR) are used, both tasks show more “IFR-like” performance. Consistent
with the motivation behind this first aim, a number of recent attempts
have been made to model both tasks within a single unified theory (e.g.,
Brown, Neath, & Chater, 2007; Farrell, 2012; Grossberg & Pearson,
2008).

The temporal isolation effect in IFR and ISR

The TIE refers to the recall advantage for items that are more
temporally isolated at encoding and so are more temporally dis-
criminable from their immediate neighbours at retrieval. The finding is
of theoretical interest because a number of theories of memory ex-
plicitly propose (or implicitly assume) that items may be organized in
memory along a temporal dimension, and that the temporal dimension
can be used at retrieval to help discriminate to-be-remembered list
items (e.g., Baddeley, 1976; Bjork & Whitten, 1974; Brown et al., 2000;
Brown et al., 2007; Brown, Vousden, & McCormack, 2009; Crowder,
1976, 1982; Glenberg, 1987; Glenberg & Swanson, 1986; Howard,
Shankar, Aue, & Criss, 2015; Murdock, 1960; Neath, 1993).

A telephone pole analogy (Crowder, 1976) is often used to illustrate
the key idea of temporal distinctiveness (Bjork & Whitten, 1974). In this
analogy, one is encouraged to imagine looking back along a straight
road or railway track that extends far out to the horizon and which has
telegraph poles spaced at regular intervals along its length. Through
perspective, the telegraph poles that are closer to the observer will
appear larger and more widely spaced, whereas those that that are
closer to the horizon will appear smaller and more tightly grouped
together. If one considers that the evenly-spaced telegraph poles are
now to-be-remembered list items presented at regular intervals and the
straight road is the distribution of items along a temporal dimension,
then temporal distinctiveness accounts assume that the subjective di-
mension of time is logarithmically compressed (e.g., Brown et al.,
2007), such that more recent events are more temporally discriminable
(analogous to the apparently widely-spaced nearby poles) whereas far
earlier events are in a crowded region, and are far less temporally
discriminable (analogous to the apparently clustered tightly-spaced
distant poles).

Although the analogy was first proposed to help explain the mag-
nitude of recency effects in free recall given different inter-stimulus
intervals and retention intervals (e.g., Bjork & Whitten, 1974; Crowder,
1976; Glenberg, Bradley, Kraus, & Ranzaglia, 1983; Nairne, Neath,
Serra, & Byun, 1997), temporal distinctiveness accounts assume that
there will be a recall advantage for any item that is temporally isolated,
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as the event will occupy a less crowded area of psychological space and 988
so will be more temporally discriminable. 55%
Early studies varied the ratio between the inter-stimulus intervals < EAGEE
and the retention intervals (e.g., Nairne et al., 1997), isolated in- 8 3 ® 3
dividual items (e.g., Glenberg & Swanson, 1986), or varied the schedule = 2888805802029 8
of inter-stimulus intervals in predictable ways by increasing or de-
creasing inter-stimulus intervals systematically across serial positions 2 2
(e.g., Brown, Morin, & Lewandowsky, 2006, Experiment 1; Crowder & E é
Neath, 1991; Neath & Crowder, 1990, 1996; Welte & Laughery, 1971). ~ g é
As Table 1 shows, when the inter-stimulus interval is varied pre- § 82 &
dictably, there are clear effects of presentation schedule for both ISR £ © ‘E ‘é
and IFR. One exception comes from a study by Polyn, Kragel, McCluey, ‘3 ; g £
and Burke (2019) who found no recall benefit for temporally isolated fé g % g
items using lists of 15 words where the inter-stimulus intervals ex- g Te 3
panded and contracted in a cyclical manner. Nevertheless, § oo s o e o= e
Lewandowsky, Wright, and Brown (2007) have argued that when pre- & SEESSSZESESSS 2
dictable schedules are used, then even findings that are consistent with "
a TIE could be alternatively explained by differential rehearsal and the §
strategic encoding of slower items. £
Critically for the current studies, differences between IFR and ISR ; o o ow o wow
emerge in later studies in which the inter-stimulus intervals are un- é § 2 § § g g E ; § g 5 2 2
predictable (through randomization) and when the opportunity to re- k7 IgrRSLNnN238IL S
. = Lo 11— I 1 1 & n
hearse is greatly attenuated (see Table 2). To date, there have many g 8788444348388 B
failures to find significant TIEs using randomized inter-stimulus inter- B TesTmmeEmENaE s
vals using ISR of shorter lists (e.g., Lewandowsky & Brown, 2005; 5
Nimmo & Lewandowsky, 2006; Parmentier, King, & Dennis, 2006) but g
the effect has been observed in IFR of longer lists (e.g., Brown et al., 2
2006; Experiment 2, but see also Polyn et al., 2019). One possibility is E’
that the effect exists in ISR but is at a much smaller magnitude than in g T332 ,8828% “
IFR (Morin, Brown, & Lewandowsky, 2010). More generally, stronger g E: % E EE E E‘: :§° E E‘: E: E B
. - = SoPboPpbBDABDBDB D a
TIEs have been observed in tasks where participants have some freedom
to recall using their preferred output order, but not in related tasks £
when the output order is prescribed (e.g., Geiger & Lewandowsky, E
2008; Lewandowsky, Brown, & Thomas, 2009; Lewandowsky, Nimmo, A
& Brown, 2008). Lewandowsky et al. (2009) examined an un- _é
constrained reconstruction of order task using a 7-item list with un- g EEEEEEEEEEEE E
predictable inter-stimulus intervals where participants engaged in ar- % EEEEEEEEEEEE E
ticulatory suppression throughout presentation, retention interval and - R =
reconstruction. They found participants tended to initiate reconstruc- g
tion with temporally isolated items and engage in forward ordered re- = 288 288 g
construction. é ” § § E% § § E - g %
The current research re-examines the extent to which there are re- £ B EE % g E58 5 § é
plicable differences in the magnitude of TIEs in IFR and ISR. We note e feoe=sTeoos a
that (1) there are not many cases of the TIE with randomized intervals g go g
in IFR; (2) the magnitude of the TIEs in IFR and ISR have rarely been E 5 é
compared under similar methodologies within the same experiment, - g
. . . . . g1 4 OOV WWoaNNNNININ — T
and (3) we note that ISR is often examined using shorter lists with = <
unfilled temporal intervals and IFR is typically examined using longer ‘g = *E
lists with distractor-filled intervals. g g 8
To these ends, we report one experiment (Experiment 1, list length o E i
7) examining the effects of temporal isolation using a shorter list length 3 & fé
that is more commonly associated with ISR, and a second experiment _S i R g
(Experiment 2, list length 17) using a longer list length that is more § - % E 2 B
commonly associated with IFR. In both experiments and both tasks we & g é 2 g e g
use digit-filled intervals to reduce additional rehearsal during the inter- 2 . 55 E §_ ai . 5
stimulus interval. As discussed earlier, previous research has shown 5 ;3 P E E E L & A % _ %
that list length can play an important role on the PFR, the resultant § S E g o) 5 2 § g “85 3 2 =2
serial position curves, and the magnitude and extent of different vari- g TRmEESS Eo 888 Fe g
ables in the two tasks (such as modality effects, Grenfell-Essam et al., E SEE8% EEZ§ g2z e £% g
2017). It may be that some differences in TIEs that have been pre- TE g g g 5“ 5 - g 53 § é é § g ‘?3 e
viously attributed to different tasks, may rather be attributable to dif- 5 £ Eg = EE = = § g § = B ] ‘3
ferences in the list lengths and the methods that have been used. E TS CC e384 3 Sl&
In both experiments, we manipulated temporal isolation in a pseudo- &l g & §, § TE % E é Tj é‘ (‘é E 5 8T | &
random manner such that the schedules of inter-stimulus intervals were ~ —‘83 5 "g ;: :: % % "§ E ‘g ; g e g "§ § E
unpredictable, and we filled the inter-stimulus intervals with a rehearsal- % k=] :é & EEEEZE 3 g ;5 E E g e | &
attenuating task (digit naming). In both experiments, we directly C2 ] B R P
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contrasted performance of a group who performed IFR with a group who
performed ISR using otherwise identical methodologies. We further ex-
plore the role of output order and the requirement to allocate responses
to serial positions, by including a third group of participants in each
experiment using a variant of ISR that we here call ISR-free (but is
sometimes called free-ordered or free output ordered serial recall) in
which participants are required to recall the items in their correct serial
position but are free to output the items in whatever order they wish.
This is achieved by requiring participants to write (in any temporal order
that they wish) the recalled items in the row of a numbered lined re-
sponse grid that corresponds to the respective input position (for other
data using this task, see Tan & Ward, 2007; Ward et al., 2010; Welte &
Laughery, 1971). To anticipate the findings of Experiments 1 and 2, we
found broadly similar patterns of TIEs in ISR and IFR when the two tasks
were examined using similar methodologies.

A final experiment, Experiment 3 sought to compare TIEs in ISR and
IFR using both the digit-filled intervals (used in IFR) and unfilled
temporal intervals (used in ISR). We chose list lengths that we hoped
would produce the characteristic extended primacy effects in ISR. We
replicated our earlier findings in IFR and ISR using digit-filled intervals
when we reduced the list length to 5 words, but we still obtained only
modest primacy. However, we managed to obtain characteristic bowed
serial position curves in IFR and extended primacy effects in ISR using
7-word lists using unfilled temporal intervals (e.g., Farrell, Wise, &
Lelievre, 2011). In this latter method, (once the initial response was
removed) we again showed similar TIEs in IFR and ISR. Specifically,
when rehearsal was not prevented, both tasks showed no effect of the
unfilled pre-item interval on recall, but a recall advantage of larger
unfilled post-item intervals.

Experiment 1

In Experiment 1, we examined TIEs in IFR, ISR, and ISR-free using
lists of 7 words. The inter-stimulus intervals were manipulated by re-
quiring participants to say aloud 0, 1, 3 or 7 digits before and after each
and every list item. As there was an inter-stimulus interval before the
first word, there was a total of 8 intervals in each list. There were two
repetitions of each digit length such that each list was filled with every
ordered combination of 0, 0, 1, 1, 3, 3, 7 and 7 digits. Previous work
with short lists has typically used ISR and found little (Morin et al.,
2010) or no TIEs (e.g., Lewandowsky & Brown, 2005; Nimmo &
Lewandowsky, 2006; Parmentier et al., 2006), but the effect of TIE has
been observed in IFR using longer list lengths (e.g., Brown et al., 2006).

If the magnitude of the TIEs was determined by the different task
demands, then one might expect larger effects of TIEs in IFR relative to
ISR. The comparison of the IFR and ISR groups with recall performance
in the ISR-free group would further allow us to determine whether it
was the requirement to recall in strict forward order that reduces the
TIE (in which case ISR-free would show TIEs more comparable with IFR
than ISR, for a related comparison with reconstruction of order, see
Lewandowsky et al., 2008) or whether it is the requirement to specify
the serial position of the recalled items that reduces the TIE (in which
case ISR-free would show TIEs more comparable with ISR than IFR). By
contrast, if the magnitude of the TIEs in previous research was instead
determined by the list length, then one might expect similar small, or
non-significant, effects of TIEs in all three tasks. Moreover, if similar
findings across the three tasks were observed when the methodology,
list length and scoring systems were equated then this would aid with
the theoretical integration of ISR and IFR (Grenfell-Essam & Ward,
2012; Ward et al., 2010).

Method
Participants

A total of 105 students from the University of Essex took part in this
experiment and received either a course credit or a small payment (£6).
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The experiment lasted approximately 60 min.

Materials and apparatus

A subset of 525 words were randomly selected for each participant
from the 1000 words of the Toronto Word Pool (Friendly, Franklin,
Hoffman, & Rubin, 1982). The words and digits were presented in 60-
point Times New Roman font. The materials were presented on an
Apple eMac computer monitor using the Supercard 4.6 application.
Participants’ output orders were recorded via a Logitech USB Headset
4.330 using the Audacity application.

Design

The experiment used a mixed design. The between-subjects in-
dependent variable was task type with three levels (IFR, ISR, or, ISR-
free). There were two within-subjects independent variables. The first
within-subjects independent variable was the temporal isolation of the
words. The temporal isolation interval preceding a word is termed the
pre-item interval with four levels (0, 1, 3, and 7 digits). The temporal
isolation interval following a word is termed the post-item interval with
four levels (0, 1, 3, and 7 digits). The sum of the pre-item interval and
post-item interval is termed the total temporal isolation interval with 10
levels (0.00, 0.55, 1.10, 1.65, 2.20, 3.30, 3.85, 4.40, 5.50, and 7.705s).
The second within-subjects independent variable was the serial position
(SP) of the words with seven levels (SPs 1-7). The main dependent
variables were the proportion of words recalled in any order (FR
scoring) and in the correct serial position (SR scoring).

Procedure

Participants were randomly allocated to one of three groups, each
containing 35 participants: IFR, ISR, or ISR-free. Participants were
tested individually, and informed that they would be shown three
practice lists of seven words each followed by 72 experimental lists of
words. The experimental trials were split into two equal blocks of 36
trials each.

There were eight inter-stimulus intervals on each trial, one before
and after each of the seven words. These 8 intervals were assigned 0, 0,
1, 1, 3, 3, 7 and 7 digits in different permutations. A complete set of
every permutation of the inter-stimulus intervals provided 2520 unique
sequences. Each participant was pseudo-randomly allocated 72 of these
sequences such that over the 35 participants in each task group all 2520
sequences were assigned. A pseudo-random allocation was used to en-
sure that each participant experienced every combination of pre-item
interval and post-item interval between 11 and 25 times at every serial
position in the list. The average number of repetitions was 18. For ex-
ample, between the first and second words (pre-item interval 2) and
between the second and third words (post-item interval 2) every pos-
sible digit combination (00;01;03;07;10;11;13;17;30;31;33;
37;70;71;7 3; and 7 7) occurred at least eleven times. The three
practice trials consisted of three randomly assigned temporal isolation
sequences that were not repeated in their experimental trials. For all
participants, the order of their assigned temporal isolation sequences
was randomised over the whole experiment.

Each trial started with a blank screen for 1300 ms. Following this a
fixation cross was displayed for 700 ms: 550 ms on-screen and 150 ms
off-screen. The fixation cross could be followed by 0, 1, 3, or 7 digits.
Each digit was displayed for 550 ms: 400 ms on-screen and 150 ms off-
screen. Each word was displayed for 700 ms: 550 ms on-screen and
150 ms off-screen. Participants were instructed to read aloud both the
digits and the words as they were presented. After the presentation of
the last item, a white box appeared in the centre of the screen indicating
the start of recall. Participants were instructed to write down as many
of the seven words as they could on the paper response sheet, while
simultaneously vocalising their output. Output was vocalised in all
three groups to enable spoken output order in the ISR-free trials to be
established, to verify that participants in the ISR group adhered to the
instructions to output only in a forward direction, and in the IFR group
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Fig. 1. Mean proportion of words recalled as a function of the total temporal isolation interval in Experiment 1 using FR scoring (Panel A) and SR scoring (Panel B), in
Experiment 2 using FR scoring (Panel C) and SR scoring (Panel D), in Experiment 3 using FR scoring (Panel E) and SR scoring (Panel F).

to ensure the experimental conditions were as similar as possible across
all three participant groups.

Participants were instructed to recall as many words as they could
on the paper response sheet: in any order for the IFR group; in the same
serial position, but in a forwards output direction only for the ISR
group; and in the same serial position, but in any output order for the
ISR-free group. Trials had no maximum recall period; rather, partici-
pants ended recall when they felt they had remembered all the words
they could.

Results

Two types of scoring were used: an item was scored as correct if it
was recalled at any output position in the correct trial (FR scoring), or in
the correct serial position (SR scoring). 7.6% of the responses were er-
rors and were discarded.

The effect of total temporal isolation interval on the proportion of correctly
recalled words
Fig. 1 shows the proportion of words recalled for the three tasks as a
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Table 3
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Summary of the ANOVA tables from analyses examining the effect of total temporal isolation interval on the proportion of correctly recalled words from Experiments
1, 2 and 3. The total temporal isolation interval refers to the sum of the intervals before and after a target word.

Experiment 1, 2 and 3 df MSE F ;15 p
Proportion of words recalled as a function of total temporal isolation interval

Experiment 1 (FR scoring)

Task 2,102 116 3.70 .068 .028
Total temporal isolation interval 6.01, 613.1 .011 5.33 .050 < .001
Task X total temporal isolation interval 12.02, 613.1 .011 1.21 .023 .269
Experiment 1 (SR scoring)

Task 2,102 .089 78.6 .607 <.001
Total temporal isolation interval 5.51, 532.2 .008 3.93 .037 .001
Task x total temporal isolation interval 11.02, 562.2 .008 2.29 .043 .009
Experiment 2 (FR scoring)

Task 2, 60 .086 4.78 137 .012
Total temporal isolation interval 4,92, 295.2 .060 1.94 .031 .090
Task x total temporal isolation interval 9.84, 295.2 .060 1.21 .039 .285
Experiment 2 (SR scoring)

Task 2, 60 .020 21.8 420 <.001
Total temporal isolation interval 4.85, 291.2 .015 675 .011 .638
Task X total temporal isolation interval 9.71, 291.2 .015 .897 .029 .534
Experiment 3 Digit-filled intervals (FR scoring)

Task 1, 46 .058 .010 < .001 .920
Total temporal isolation interval 2,92 .005 3.50 .071 .034
Task x total temporal isolation interval 2,92 .005 1.14 .024 .326
Experiment 3 Digit-filled intervals (SR scoring)

Task 1, 46 .040 108.4 .702 <.001
Total temporal isolation interval 2,92 .004 8.96 .163 < .001
Task X total temporal isolation interval 2,92 .004 2.19 .045 117
Experiment 3 Unfilled temporal intervals (FR scoring)

Task 1, 46 .031 6.39 122 .015
Total temporal isolation interval 1.62, 74.6 .005 4.68 .092 .018
Task X total temporal isolation interval 1.62, 74.6 .005 .266 .006 721
Experiment 3 Unfilled temporal intervals (SR scoring)

Task 1, 46 .024 41.9 477 <.001
Total temporal isolation interval 2,92 .002 4.41 .087 .015
Task x total temporal isolation interval 2,92 .002 2.15 .045 123

function of total temporal isolation interval using both FR scoring
(Fig. 1A) and SR scoring (Fig. 1B). Contrary to the classic TIE findings,
there was not a systematic increase in recall with increased total tem-
poral isolation intervals in any task with either scoring system. Table 3
summarises the findings of a pair of 3 (task: IFR, ISR-free, or ISR) x 10
(total temporal isolation interval (in seconds): 0.00, 0.55, 1.10, 1.65,
2.20, 3.30, 3.85, 4.40, 5.50, and 7.70) mixed ANOVAs conducted on the
proportion of words correctly recalled as a function of total temporal
isolation interval using first FR scoring and then SR scoring.

Using FR scoring, the linear contrast for the main effect of total
temporal isolation interval was significant and negative, F (1,
102) = 7.25, MSE = .012, qg = .066, p = .008, with greater recall for
smaller total temporal isolation intervals. The mean proportion of words
recalled in IFR was significantly greater than ISR, but neither were
significantly different from ISR-free. There was no interaction between
task and total temporal isolation interval using FR scoring.

Using SR scoring, the linear contrast for the main effect of total
temporal isolation intervals was significant and also negative, F (1,
102) = 7.16, MSE = .007, ;13 =.066, p =.009, with greater recall
again for smaller total temporal isolation intervals. Correct recall using
SR scoring was significantly different for all tasks (IFR < ISR < ISR-
free). An examination of the interaction between task and pre-item
interval using SR scoring revealed that as the total temporal isolation
intervals increased, performance was unaffected in IFR, but there was a
decrease in the performance of ISR and a very slight decrease in the
performance of ISR-free.

Overall, crucially there was no systematic increase in recall with
increasing total temporal isolation intervals in any task with either

scoring system, and, if anything, increased recall with smaller total
temporal isolation intervals.

Analysis of the serial position curves as a function of pre- and post-item
interval

Fig. 2 shows the serial position curves for each of the three tasks as a
function of pre-item and post-item interval using FR scoring. The
findings of a pair of 3 (task: IFR, ISR-free, or ISR) X 4 (pre-item or post-
item intervals: O digits, 1 digit, 3 digits, and 7 digits) x 7 (serial posi-
tion: SPs 1-7) mixed ANOVAs conducted on the proportion of correctly
recalled words using FR scoring are summarised in the upper rows of
Table 4.

We consider first the effects of pre-item intervals shown in the left-
hand panels of Fig. 2. The linear contrast for the main effect of pre-item
interval was significant and positive, F (1, 102) = 56.3, MSE = .015,
;15 =.356, p < .001, with increased recall when there were longer pre-
item intervals. The higher recall for longer pre-item intervals was sig-
nificant for the recency serial positions; but there was also higher recall
for a pre-item interval of O digits at SP1. There were significant primacy
effects and extended recency effects, and lower recall for recency serial
positions in ISR compared with IFR and ISR-free.

We consider next the effects of the post-item intervals shown in the
right-hand panels of Fig. 2. The linear contrast for the main effect of
post-item interval was significant and negative, F (1, 102) = 163.2,
MSE = .017, rhz, = .615, p < .001, with increased recall when there
were shorter post-item intervals. The higher recall for shorter post-item
intervals was significant at the recency serial positions, but there was
also higher recall for longer post-item intervals at SP1. There were
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Fig. 2. Data from Experiment 1: Serial position curves for IFR, ISR-free, and ISR using FR scoring as a function of pre-item intervals in Panels A, C, and E respectively,

and as a function of post-item intervals in Panels B, D, and F respectively.

again significant primacy effects and extended recency effects, with
lower recall at recency serial positions in ISR, and heightened recall at
SP7 in ISR-free. Finally, an examination of the 3-way interaction re-
vealed a reduced effect of the post-item interval at SP5 in IFR compared
to ISR and ISR-free, a reduced effect at SP6 in ISR compared to IFR and
ISR-free, and reduced recency in ISR compared to IFR and ISR-free.
Fig. 3 shows the effect of pre-item and post-item intervals on the
serial position curves for the serial recall tasks using SR scoring. A further
pair of 2 (task: ISR-free or ISR) X 4 (pre-item or post-item interval: O
digits, 1 digit, 3 digits, and 7 digits) X 7 (serial position: SPs 1-7) mixed
ANOVAs on the proportion of words recalled SR scoring are summarised
in the lower rows of Table 4. There were significant primacy effects and
extended recency effects, and there was greater recency in ISR-free.
Recall in ISR-free was significantly greater than in ISR for all but the

shortest pre-item intervals and for all but the longest post-item intervals.

The main findings with SR scoring were broadly similar to those
reported above with FR scoring. The linear contrast for the main effect
of pre-item interval was again significant and positive, F (1, 68) = 83.8,
MSE = .008, nﬁ = .552,p < .001, with increased recall with longer pre-
item intervals. The linear contrast for the main effect of post-item in-
tervals was again significant and negative, F (1, 68) = 219.8,
MSE = .009, 73 = .764, p < .001, with increased recall for words fol-
lowed by shorter post-item intervals. Both the pre-item advantages for
longer intervals and the post-item advantages for shorter intervals were
greatest toward the end of the list; and the effects somewhat reversed
on the recall of the first item.

Overall, it is clear that there are broadly similar patterns of TIEs
across IFR, ISR-free and ISR using FR scoring. Recall increases with both
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Table 4
Summary of the ANOVA tables from analyses conducted on the serial position
curves as a function of temporal isolation interval from Experiment 1.

Experiment 1 df MSE F '7;2; p

SPC as a function of pre-item interval (FR scoring)

Task 2,102 325 4.10 .074 .019
Pre-item interval 2.78, 283.8 .012 44.0 .302 <.001
SP 2.07, 211.0 .118  500.2 .831 <.001

Task X pre-item interval
Task x SP

Pre-item interval X SP

Task X pre-item interval X SP

5.57, 283.8 .012 3.27 .060 .005

4.14, 211.0 118 4.85 .087 .001
18, 1836 .011 9.28 .083 <.001

29.8,1519.2 .014 1.04 .020 .404

SPC as a function of post-item interval (FR scoring)

Task 2,102 .328 4.03 .073 .021
Post-item interval 2.78, 282.4 .014 75.2 424 <.001
SP 2.12, 215.9 116 498.7  .830 <.001

Task x post-item interval
Task x SP

Post-item interval x SP

Task x post-item interval x SP

5.54, 282.4 .014 1.32 .025 .251
4.23, 215.9 .116 4.71 .084 .001
14.2, 14525 .014 22.6 182 <.001
28.5,1452.5 .014 213 .040 .001

SPC as a function of pre-item interval (SR scoring)

Task 1, 68 .318 9.27 .120 .003

Pre-item interval 3, 204 .008 39.6 .368 <.001
Sp 1.75, 118.6 158 2541 .789 <.001
Task X pre-item interval 3, 204 .008 6.38 .086 <.001
Task x SP 1.75, 118.6 .158 22.2 .246 <.001
Pre-item interval x SP 12.8, 868.6 .013 14.2 173 <.001

Task X pre-item interval x SP 12.8, 868.6 .013 1.94 .028 .024

SPC as a function of post-item interval (SR scoring)

Task 1, 68 324 8.87 115 .004
Post-item interval 3, 204 .009 68.7 .503 <.001
Sp 1.81,123.3 153 2515 .787 <.001
Task x post-item interval 3, 204 .009 5.28 .072 .002
Task x SP 1.81,123.3 .153 21.7 .242 <.001
Post-item interval X SP 18, 1224 .010 33.6 331 <.001

Task X post-item interval X SP 13.3, 905.8 .013 2.18 .031 .008

FR scoring and SR scoring for words at the end of the list that are
preceded with longer pre-item intervals and followed by shorter post-
item intervals. There is a minor reversal of these effects in the recall of
serial position 1: recall of the first list item tends to improve with
shorter pre-item and longer post-item intervals.

The Probability of First Recall (PFR)

Table Al (see Appendix A) shows the frequencies with which par-
ticipants initiated their recalls with words from particular serial posi-
tions in Experiment 1. Participants followed instructions and initiated
recall with SP1 in ISR more than any other serial position, but rarely
initiated recall with the first item when they were free to initiate recall
with any list item (as in IFR and ISR-free).

Table 5 summarises the findings of a 3 (task: IFR, ISR-free, or
ISR) X 4 (pre-item interval: 0, 1, 3, and 7 digits) mixed ANOVA con-
ducted on the probability of initiating recall with one of the last 4 items.
The probability of initiating recall with one of the last 4 items was
significantly different for all tasks (ISR < IFR < ISR-free). The linear
contrast for the main effect of pre-item interval was significant and
positive, F (1, 102) = 76.1, MSE = .014, »2 = .427, p < .001, with
longer pre-item intervals resulting in increased probability of initiating
recall with one of the last 4 items. An examination of the interaction
between task and pre-item interval revealed that the tendency to in-
itiate recall with one of the last 4 words with increasing pre-item in-
terval was greater for IFR and ISR than for ISR-free.

Table 5 also summarises the findings of a corresponding 3 x 4 mixed
ANOVA analysis examined the tendency to initiate recall with the first
list item (SP1). The probability of initiating recall with the first item was
significantly different for all tasks (ISR-free < IFR < ISR). The linear
contrast for the main effect of pre-item interval was significant and ne-
gative, F (1, 102) = 62.3, MSE = .006, ng =.379,p < .001, with smaller

Journal of Memory and Language 109 (2019) 104049

pre-item intervals resulting in increased probability of initiating recall
with the first item (for IFR and ISR but not for ISR-free).

Thus, increasing the pre-item interval increased the PFR for recency
items (Last 4) in all three tasks (albeit to a lesser extent in ISR-free), but
increasing the pre-item interval either decreased the PFR for the first
item (SP1) in IFR and ISR or did not affect the PFR for the first item
(SP1) in ISR-free.

The effect of pre-item interval on Lag + 1 transitions

For each response (other than the first) on a trial, the Lag (Kahana,
1996) was calculated by subtracting the serial position of one response,
n, from the serial position of the next response, n + 1. A Lag of + 1 refers
to a successive pair of responses in which the pair of words are recalled in
exactly the same order as that in which they had been presented (e.g., a
word presented at serial position 4 was recalled immediately after the
word that had been presented at serial position 3). For each participant
and each trial we counted the number of Lag + 1 transitions that were
observed as well as the opportunities to make Lag + 1 transitions. In
calculating the Lag + 1 opportunities, we assumed that participants
would not recall the same word twice, nor could they make a Lag + 1
opportunity immediately after the last list item (SP7) or an error. For
each participant, we divided the observed number of Lag + 1 transitions
by the Lag + 1 opportunities in order to calculate the Conditionalized
Response Probabilities (CRP) of Lag + 1 transitions (see Kahana, 1996).

The upper values in Table 6 show how the CRP values of Lag + 1
transitions in Experiment 1 varied as a function of the task, the serial
position of the second response, and the pre-item interval (the inter-
stimulus interval between the pair of successive items). As Table 6
shows, smaller pre-item intervals facilitated transitions between suc-
cessive items, and this was more salient when participants were free to
output the words in any order that they wished (i.e., IFR and ISR-free).

Table 7 summarises the findings of a 3 (task: IFR, ISR-free, or
ISR) X 4 (pre-item interval: 0, 1, 3, and 7 digits) mixed ANOVA which
examined the proportion of Lag + 1 transitions performed. The pro-
portion of Lag + 1 transitions performed in IFR was significantly lower
than ISR and ISR-free, which did not differ from each other. The linear
contrast for the main effect of pre-item interval was significant and
negative, F (1, 101) = 195.6, MSE = .019, qg =.660, p < .001, with
smaller pre-item intervals resulting in an increased proportion of
Lag + 1 transitions.

Thus, the tendency to transition in a forward order was greater for
ISR and ISR-free than for IFR, and critically, the tendency to transition
in a forward order increased with decreasing pre-item intervals.

Discussion

Overall, the results of Experiment 1 did not show the typical overall
effect of temporal isolation. According to the temporal distinctiveness
accounts (e.g. Baddeley, 1976; Bjork & Whitten, 1974; Brown et al.,
2007; Crowder, 1976), longer pre-item intervals and longer post-item
intervals should both positively enhance recall. By contrast, we found
that recall performance did not increase systematically with total-tem-
poral isolation interval, and we observed this pattern in all three tasks.

Although we failed to find increased recall with increasing total
temporal isolation, we nevertheless observed both positive and negative
effects of increasing temporal isolation intervals on recall. In the second
half of the list, recall increased with longer pre-item intervals, and recall
also increased with shorter post-item intervals, and similar patterns were
observed for all three tasks (and both scoring systems). Moreover,
participants were more likely to initiate recall with an item in the
second half of the list if it was preceded with a longer pre-item interval.
Furthermore, we found that the proportion of Lag + 1 transitions (i.e.,
transitions between successively presented items) increased when the
successive items were separated by a smaller inter-stimulus interval.
Thus, one reason why we found no overall recall advantage in the total
temporal isolation interval was because there were both recall
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Fig. 3. Data from Experiment 1: Serial position curves for ISR-free and ISR using SR scoring as a function of pre-item intervals in Panels A and C respectively, and as a

function of post-item intervals in Panels B and D respectively.

Table 5
Summary of the ANOVA tables from analyses conducted on the probability of
first recall (PFR) data from Experiments 1, 2 and 3.

Experiment 1, 2 and 3 df MSE F n p
PFR of SP = 1 as a function of pre-item interval

Experiment 1

Task 2,102 .066 40.4 442 <.001
Pre-item interval 2.45, 249.9 .007 23.7 .189 <.001
Task X pre-item interval 4.90, 249.9 .007 4.70 .084 <.001
PFR of Last4 as a function of pre-item interval

Experiment 1

Task 2,102 .095 86.3 629 <.001
Pre-item interval 2.49, 253.4 .013 36.3 262 <.001
Task X pre-item interval 497, 253.4 .013 3.63 .067 .003
Experiment 2

Task 2, 64 .002 129.3 .802 <.001
Pre-item interval 2.23, 142.6 .004 10.5 141 <.001
Task X pre-item interval 4.46, 142.6 .004 2.44 .071 .044
Experiment 3 Digit-filled intervals

Task 1, 42 .010 351.2 .893 <.001
Pre-item interval 1, 42 .008 39.4 484 <.001
Task X pre-item interval 1, 42 .008 47.2 .529 <.001
Experiment 3 Unfilled temporal intervals

Task 1,38 .008 36.8 492 <.001
Pre-item interval 1, 38 .008 42.4 527 <.001
Task x pre-item interval 1, 38 .008 36.8 492 < .001
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advantages for longer pre-item intervals (such as when initiating recall)
but also recall advantages for smaller pre-item intervals (such as when
continuing recalls with a Lag + 1 transition).

We interpret these patterns of results within a grouping explanation
(cf. Farrell et al., 2011; Farrell, 2012; Spurgeon, Ward, Matthews, &
Farrell, 2015). Our hypothesis is that participants may voluntarily
segment a 7-item list into two (or more) subgroups, but the position of
the group boundaries may be affected by the inter-stimulus intervals
between the list items. Whereas the start of the first group is always the
first word, the start of a second group may be encouraged (1) when the
first group already contains a few items, (2) when there is a large pause
immediately before the start of a putative second group, and (3) when
there is a minimal pause immediately after the start of a putative
second group. A large pause before the start of a new group may en-
courage the conclusion of one group and the anticipation of the next,
and a minimal pause after the start of a new group may help partici-
pants treat successive items as a pair of items within a new group, re-
sulting in increased Lag + 1 transitions within a group. If one further
assumes that there is privileged access to the first item of the most
recent group (Farrell, 2012), and to a lesser extent, privileged access to
the first item of earlier groups (Spurgeon et al., 2015), and that parti-
cipants can make use of bottom-up mechanisms to segment irregularly
grouped sequences in immediate recall tasks (Hartley, Hurlstone, &
Hitch, 2016), then a grouping explanation can help explain this com-
plex pattern of pre-item and post-item intervals at later serial positions.
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Table 6

The Conditionalized Response Probabilities (CRPs) of lag + 1 responses as a
function of task and pre-item interval. The first sub-table reflects the data from
Experiment 1, the second sub-table reflects the data from Experiment 2, the
third sub-table reflects the data from Experiment 3 (digit-filled intervals) and
the final sub-table reflects the data from Experiment 3 (unfilled temporal in-
tervals).

Experiment Task Pre-item interval (digits)
0 1 3 7
Experiment 1 IFR .654 .521  .472  .354
ISR-free .731 .620 .540 .460
ISR .703 .567 557 476
Pre-item interval (digits)
0 1-3 4-6 7
Experiment 2 IFR 413 .300 .255 .193
ISR-free .320 .317 .319 .273
ISR .509 .383 325 .350
Pre-item interval (digits)
1 7
Experiment 3 (digit-filled intervals) IFR 737 621
ISR .859 .821
Pre-item interval (time, ms)
100 1000
Experiment 3 (unfilled temporal intervals) IFR .699 .646
ISR .725 .706

Table 7
Summary of the ANOVA tables from analyses conducted on the effect of pre-
item interval on lag + 1 transitions from Experiments 1, 2 and 3.

daf

Experiment 1, 2 and 3 MSE F n P

Lag + 1 transitions as a function of pre-item interval
Experiment 1

Task 2,101 .045 7.00 122 .001
Pre-item interval 3, 303 .017 73.8 422 <.001
Task X pre-item interval 6, 303 .017 937 .018 .468
Experiment 2

Task 2, 69 .074 3.81 .099 .027
Pre-item interval 2.25,155.1 .044 8.25 .107 <.001
Task X pre-item interval 4.50, 155.1 .044 1.62 .045 . 164
Experiment 3 Digit-filled intervals

Task 1, 46 .021 29.3 .389 <.001
Pre-item interval 1, 46 .009 15.8 .255 <.001
Task x pre-item interval 1, 46 .009 4.07 .081 .049
Experiment 3 Unfilled temporal intervals

Task 1, 46 .015 2.95 .060 .093
Pre-item interval 1, 46 .005 6.19 119 .017
Task X pre-item interval 1, 46 .005 1.45 .031 .234

We note that grouping has previously been associated with TIEs,
and there are some effects of grouping on both tasks. A rare observation
of a TIE in ISR was shown by Farrell (2008) who found that the greatest
effects of temporal isolation in ISR were using grouped lists. Grouping
instructions also interacted with inter-stimulus interval between the
group boundary in the ISR studies of Farrell et al. (2011). Moreover,
grouping has been often observed in ISR (e.g., Farrell & Lewandowsky,
2004; Frankish, 1985; Hartley et al., 2016; Henson, 1999; Hitch,
Burgess, Towse, & Culpin, 1996; Maybery, Parmentier, & Jones, 2002;
Ryan, 1969), and grouping has been shown to affect at least the
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distribution of initial recalls in IFR (Spurgeon et al., 2015).

Finally, the data from Experiment 1 suggest that there are more
similarities than differences between the effects of temporal isolation
on IFR and ISR (and ISR-free) when the tasks are compared at shorter
list lengths. Rather than an integrated account of IFR and ISR having to
explain the different patterns of findings with different tasks, our data
suggest that very similar explanations might be able to underpin both
tasks when short lists are used.

Experiment 2

In Experiment 2, we sought to re-examine the magnitude and extent
of TIEs using a much longer list length (17 words), that is more typical
of that standardly used in IFR. Of interest was whether the significant
TIE observed by Brown et al. (2006) using 17-word lists was obtained
because of the task that was used (perhaps owing to participants’
freedom to control their output order, Lewandowsky et al., 2008) or
whether the significant TIE observed by Brown et al. (2006) was ob-
tained because of the far longer list length that was used.

At longer list lengths, there is more opportunity for participants to
segment the list into multiple subgroups, and if TIEs are exaggerated at
group boundaries then it is possible that TIEs will be observed in both IFR
and ISR, because prior research suggests that both tasks are sensitive to
initial output order effects following grouping manipulations (Spurgeon
et al., 2015). Therefore, it is possible that TIEs may be found even in ISR
and ISR-free when the list length far exceeds span; items with greater
temporal isolation may become more salient at longer list lengths.

Alternatively, TIEs may be observed primarily when participants are
free to recall in any order (Lewandowsky et al., 2008), and so may be
observed only in IFR (Brown et al., 2006) and not ISR. By incorporating
a third group, performing ISR-free, we would be able to determine
whether TIEs emerge when freedom of output order was allowed (in
which case, we should see similar effects in IFR and ISR-free), or
whether TIEs are reduced or eliminated in tasks where participants
must assign stimuli to their correct serial positions (in which case, we
should see similar effects in ISR and ISR-free).

In Experiment 2, there were three groups of participants examining
TIEs in 17-word lists. One group replicated the method and list length
of Brown et al. (2006, Experiment 2) that had been used to show TIEs in
IFR, and two other groups used identical methodologies and were run
to extend that study to examine TIEs at long list lengths with the ISR
and ISR-free tasks.

Method

Participants
A total of 72 students from University of Essex took part in this
experiment in exchange for course credit.

Materials and apparatus

These were identical to those used in Experiment 1 except a subset
of 374 words were randomly selected for each participant from the
Toronto Word Pool (Friendly et al., 1982).

Design

The design was identical to that used in Experiment 1, except the
inter-stimulus intervals contained 0, 1, 2, 3, 4, 5, 6 and 7 digits (leading
to pre-item and post-item intervals of 0-7 digits and total temporal
isolation intervals of between 0 and 7 s) and 17-word lists were used
(leading to SPs between 1 and 17).

Procedure

There were four changes to the procedure that was used in
Experiment 1. First, participants received two practice lists of 17 words
each followed by a further 20 experimental lists of 17 words, separated
into two blocks. Second, we followed the procedure of Brown et al.
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Fig. 4. Data from Experiment 2: Serial position curves for IFR, ISR-free, and ISR using FR scoring as a function of pre-item intervals in Panels A, C, and E respectively,

and as a function of post-item intervals in Panels B, D, and F respectively.

(2006), where there was a fixation cross followed by no pre-item in-
terval before the first word and a fixed post-item interval of 150 ms
after the last word, and the 16 inter-stimulus intervals were randomly
filled with exactly two instances each of 0, 1, 2, 3, 4, 5, 6 and 7 digits
across the inter-stimulus intervals of each trial. Third, the presentation
rate of the words was unchanged from Experiment 1, but the digits were
presented at a rate of 1 digit every 500 ms (350 ms, 150 ms off).

Results

A total of 6.9% of the responses were errors and were discarded.
The effect of total temporal isolation interval on the proportion of correctly
recalled words

Fig. 1 shows the proportion of words recalled for the three tasks as a
function of total temporal isolation interval using both FR scoring
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(Fig. 1C) and SR scoring (Fig. 1D). For these analyses, we excluded data
from SP1 and SP17, because using the method of Brown et al. (2006),
there were no digits presented before the first and after the last word.

Table 3 summarises the findings of a pair of 3 (task: IFR, ISR-free, or
ISR) x 15 (total temporal isolation interval (in seconds): 0.00, 0.5, 1.0,
1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, and 7.0) mixed AN-
OVAs conducted on the proportion of words correctly recalled as a
function of total temporal isolation interval using FR and SR scoring.
Regardless of the scoring method, there was no significant main effect
of total temporal isolation interval, nor did it significantly interact with
task. However, recall was greater in IFR than ISR using FR scoring; but
recall was greater in ISR and ISR-free than IFR using SR scoring.

Overall, it is clear that there was no overall effect of the total
temporal isolation interval on the proportion of correctly recalled
words, regardless of the type of task that was performed or the scoring
system that was used.
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Table 8
Summary of the ANOVA tables from analyses conducted on the serial position
curves as a function of temporal isolation interval from Experiment 2.

Experiment 2 df MSE F 115 p
SPC as a function of pre-item interval (FR scoring)

Task 2,62 .098 23.6 432 <.001
Pre-item interval 2.53, 156.9 .021 4.00 .061 .013
SP 3.21,199.2 .053 552.6 .899 <.001
Task X pre-item interval 5.06, 156.9  .021 1.23 .039 .296
Task x SP 6.42,199.2  .053 22.2 417 <.001
Pre-item interval x SP 9.76, 604.9  .027 1.01 .016 433
Task X pre-item interval X SP 19.5, 604.9  .027 718 .023 .806

SPC as a function of post-item interval (FR scoring)

Task 2,57 122 275 .010 .760
Post-item interval 2.45, 139.5 .029 .556 .010 .610
SP 2.92,166.4  .065 85.0 .599 <.001
Task x post-item interval 4.90, 139.5 .029 174 .006 .970
Task x SP 5.84, 166.4 .065 7.46 .207 <.001
Post-item interval X SP 5.69, 324.4 .070 3.90 .064 .001
Task x post-item interval x SP 11.4, 324.4 .070 1.06 .036 .395
SPC as a function of pre-item interval (SR scoring)

Task 1,41 .107 26.7 .394 <.001
Pre-item interval 2.53, 103.6 .014 3.09 .070 .038
SP 1.62,66.48 .139 240.1 .854 <.001
Task X pre-item interval 2.53,103.6 .014 .333 .008 767
Task x SP 1.62, 66.5 139 36.13  .468 <.001
Pre-item interval x SP 4.91, 201.2 .042 3.05 .069 .012
Task X pre-item interval X SP 4.91,201.2 .042 592 .014 .703
SPC as a function of post-item interval (SR scoring)

Task 1, 40 .087 .602 .015 442
Post-item interval 2.59, 103.6 .020 311 .008 .788
SP 2.01, 80.2 .090 83.4 676 <.001
Task X post-item interval 2.59,103.6  .020 1.56 .038 .208
Task x SP 2.01, 80.2 .090 13.6 .254 <.001
Post-item interval x SP 3.87, 154.9 .065 4.10 .093 .004
Task X post-item interval x SP 3.87,154.9  .065 1.03 .025 .390

Analysis of the serial position curves as a function of pre- and post-item
interval

Fig. 4 shows the serial position curves for each of the three tasks as a
function of pre-item and post-item interval using FR scoring. We con-
densed the serial positions across 7 categories (pre-item: SPs 2—-4, SPs
5-7, SPs 8-10, SPs 11-13, SPs 14-16, and SP17; post-item: SP1, SPs
2-4, SPs 5-7, SPs 8-10, SPs 11-13, and SPs 14-16) and the pre-item
and post-item intervals over 4 different ranges (0 digits, 1-3 digits, 4-6
digits and 7 digits).

We first consider the effects of pre-item intervals, shown in the left-
hand panels of Fig. 4. Table 8 summarises the findings of a 3 (task: IFR,
ISR-free, or ISR) X 4 (pre-item interval: O digits, 1-3 digits, 4-6 digits
and 7 digits) X 6 (serial position: SPs 2-4, SPs 5-7, SPs 8-10, SPs
11-13, SPs 14-16 and SP17) mixed ANOVA conducted on the propor-
tion of correctly recalled words using FR scoring. Since there was no
pre-item interval for the first item, SP1 was excluded from this and
subsequent analyses of pre-item intervals.

There was a significant main effect of pre-item interval, which did
not interact with any other variable. There was a significant quadratic
contrast, F (1, 62) = 4.84, MSE = .019, ;112, =.072, p = .032, indicating
that recall was greatest for the longest pre-item intervals (7 digits and
4-6 digits), but recall with a pre-item interval of 0 digits was greater
than with a pre-item interval of 1-3 digits. The mean proportion of
words recalled in ISR was significantly lower than IFR and ISR-free,
which did not differ from each other. There were significant extended
recency effects, which were reduced in ISR compared with IFR and ISR-
free.

We consider next the effects of the post-item intervals shown in the
right-hand panels of Fig. 4. Table 8 also summarises the findings of a 3
(task: IFR, ISR-free, or ISR) X 4 (post-item interval: 0 digits, 1-3 digits,
4-6 digits and 7 digits) X 6 (serial position: SP1, SPs 2—4, SPs 5-7, SPs
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8-10, SPs 11-13, and SPs 14-16) mixed ANOVA conducted on the
proportion of correctly recalled words using FR scoring. Since there
were no digits after the last item, SP17 was excluded from this and
subsequent post-item interval analyses.

Although there was not an overall main effect of post-item interval,
there was a significant interaction between post-item interval and serial
position. There was a recall advantage for shorter post-item intervals at
recency positions (SPs 14-16), but a recall advantage for longer post-
item intervals at SP1. The post-item interval did not interact with task
or any other factor. There were again significant primacy effects and
extended recency effects, and there was greater primacy and reduced
recency in ISR.

Fig. 5 shows the serial position curves for the two serial recall tasks
as a function of pre-item and post-item interval using SR scoring and the
corresponding pair of ANOVAs using SR scoring are summarised in
Table 8. We condensed the serial positions across 7 intervals (pre-item:
SPs 2-4, SPs 5-7, SPs 8-10, SPs 11-13, SPs 14-16, and SP17; post-item:
SP1, SPs 2-4, SPs 5-7, SPs 8-10, SPs 11-13, and SPs 14-16) and the
pre-item and post-item intervals over 4 different ranges (0 digits, 1-3
digits, 4-6 digits and 7 digits).

In the analyses of the pre-item interval with SR scoring, there was a
significant main effect of pre-item interval and a significant interaction
between pre-item interval and serial position. There was an overall
recall advantage for a longer pre-item interval (especially at SPs 2—4
and SPs 14-16), but recall with a 0 digit pre-item interval was greater
than other pre-item intervals at SP17. There were significant recency
effects, but significantly lower recall for the recency serial positions in
ISR compared to ISR-free.

In the final analysis, we consider the effects of the post-item interval
with SR scoring shown in the right-hand panels of Fig. 5. There was a
recall advantage for shorter post-item intervals at the recency serial
positions, and a recall advantage for longer post-item intervals at SP1.
There were again significant primacy effects and extended recency ef-
fects, with greater primacy and reduced recency in the ISR task relative
to the ISR-free task.

Overall, it is clear that there are quite complex patterns of TIEs that
are relatively stable across the three tasks. In general, there are recall
advantages for longer pre-item intervals and shorter post-item intervals
at the end of the list. However, there is evidence that a pre-item interval
of 0-digits is sometimes superior to pre-item interval of 1-3 digits,
especially at the very last SP (SP17).

The Probability of First Recall (PFR)

Table A2 shows the frequencies with which participants initiated
their recalls with words from particular serial positions in Experiment
2. Participants followed instructions and initiated recall with SP1 in ISR
on just under half of the trials (203/480), but rarely initiated recall with
the first item when they were free to initiate recall with any list item (as
in IFR and ISR-free).

Table 5 summarises the findings of a 3 (task: IFR, ISR-free, or
ISR) X 4 (pre-item interval: 0, 1-3, 4-6, and 7 digits) mixed ANOVA
conducted on the probability of initiating recall with one of the last 4
items. The words presented in SP1 were excluded from the analyses
since they were always preceded with a pre-item interval of 0 digits.
The probability of initiating recall with one of the last 4 items was
significantly lower in ISR than in IFR or ISR-free, which did not differ
from each other. The linear contrast for the main effect of pre-item
interval was significant and positive, F (1, 64) = 18.5, MSE = .004,
75 =.224, p < .001, with longer pre-item intervals resulting in in-
creased probability of initiating recall with one of the last 4 items. An
examination of the interaction between task and pre-item interval re-
vealed that the interaction was primarily driven by the IFR data, where
there was a stronger linear increase in the probability of initiating recall
with one of the last 4 items as pre-item interval increased. In ISR,
participants only initiated recall with one of the last 4 items on 14% of
trials and in ISR-free, participants almost always initiate recall with
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function of post-item intervals in Panels B and D respectively.

SP17 regardless of the pre-item interval.

Thus, participants initiated recall with one of the last 4 items sig-
nificantly less often in ISR than in either IFR or ISR-free, and IFR
showed a stronger linear increase as pre-item interval increased com-
pared to the other tasks.

The effect of pre-item interval on Lag + 1 transitions

Table 6 shows how the CRP values of Lag + 1 transitions in Ex-
periment 2 varied as a function of the task, the serial position of the
second response, and the pre-item interval (the inter-stimulus interval
between the pair of successive items). As Table 6 shows, smaller pre-
item intervals facilitated transitions between successive items, and this
is more salient when participants performed IFR.

Table 7 summarises the findings of a 3 (task: IFR, ISR-free, or
ISR) X 4 (pre-item interval: 0, 1-3, 4-6, and 7 digits) mixed ANOVA
conducted to examine the proportion of Lag + 1 transitions performed.
The proportion of Lag + 1 transitions performed in IFR was sig-
nificantly lower than ISR, but neither were significantly different from
ISR-free. The linear contrast for the main effect of pre-item interval was
significant and negative, F (1, 69) = 14.4, MSE = .053, 'Ig =.172,
p < .001, with smaller pre-item intervals resulting in an increased
proportion of Lag + 1 transitions.

Thus, the tendency to transition in a forward order was lower for
IFR, and, the tendency to transition in a forward order increased with
decreasing pre-item intervals. Although there was non-significant in-
teraction, we note that the transitions in ISR-free were relatively un-
affected by pre-item interval.
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Discussion

Experiment 2 was performed to investigate whether there would be
a recall advantage with increased temporal isolation intervals for the
longer lists (17 words) in IFR (as obtained by Brown et al., 2006), and
whether we could extend this finding to the ISR and ISR-free tasks when
we use near-identical methods across the three tasks. At first glance,
and contrary to expectations, we found no positive effect of total tem-
poral isolation interval for any of the three tasks (including IFR) using
both FR scoring and SR scoring. The failure to find overall recall ben-
efits of total temporal isolation interval mirrors similar findings from
that Experiment 1, which used a shorter list length of 7 words.

In Experiment 2, we again found positive and negative effects of
TIEs on recall. Consistent with Experiment 1, there were significant
recall benefits for longer pre-item intervals (throughout the serial posi-
tion curve, in the case of Experiment 2), and significantly greater recall
for shorter post-item intervals later in the list. Task did not interact with
the duration of the pre- and post-item interval in any of the serial po-
sition analyses. Moreover, there was an increased tendency to make
Lag + 1 transitions with a pre-item interval of 0 digits (albeit that the
effect appeared weak in ISR-free).

However, there were differences between the tasks in the effect of
temporal isolation on the PFR in Experiment 2. The effect of pre-item
interval on the PFR is most likely to be observed when participants can
express a genuine choice as to which of multiple items they decide to
recall first at test. In IFR, participants had a choice and they tended to
initiate recall with one of the last 4 items and showed a heightened
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tendency to initiate recall with items preceded by a longer pre-item
interval. However, participants’ ability to express a choice in their PFR
was greatly reduced with a 17-item list in the other two tasks when they
had to allocate words to precise grid positions. In ISR, participants were
required to initiate recall with SP1 and on only a small proportion of
trials did they initiate recall with one of the last 4 items. In ISR-free,
participants nominally had a choice but in practice they tended to in-
itiate recall with the very last item (regardless of pre-item interval),
perhaps reflecting their greater confidence in accurately allocating this
word to its correct position in the grid.

Despite these differences in PFR, we can extend our grouping ex-
planation from Experiment 1 to the longer list length of 17 words used
in Experiment 2. It is possible that in all three tasks, participants try to
segment a list of 17 words into multiple possible subgroups, of which
only a few may be successfully accessed at recall. Starting a new group
may be less likely if a putative first word in a group is preceded by a
pre-item interval of O digits. Since Experiment 2 used a far longer list
than was used in Experiment 1, the opportunities to start a new group
(and for experiencing a positive recall benefit for a pre-item interval)
are not limited to just the last few items but are instead extended to all
but the very first few items. Following Spurgeon et al. (2015), we argue
that there may be heightened access to the first item of a new subgroup
even when it is not the first or the last. Following Farrell (2012) and
Spurgeon et al. (2015), if there is privileged access to the first item of
the most recent subgroup, then that item is most likely to be an item
toward the end of the list, that is preceded by a large pre-item interval
and a small post-item interval, a pattern of results consistent with the
observed recall benefits.

Thus, the reason why there was not overall a systematic increase in
recall with increased total temporal isolation interval appears again to
be because there are both positive and negative effects of increased pre-
item interval. Participants are more likely to recall items throughout the
list with increased pre-item interval, and more likely to recall items at
the end of the list with a reduced post-item interval. Moreover, parti-
cipants are less likely to initiate recall with one of the Last 4 items with
a pre-item interval of 0 digits, but more likely to make forward-ordered
Lag + 1 transitions with a pre-item interval of 0 digits.

Experiment 3

Experiments 1 and 2 examined TIEs in IFR and ISR using a meth-
odology adapted from the IFR studies of Brown et al. (2006) using
shorter (Experiment 1) and longer (Experiment 2) list lengths. We
found that the effects of temporal isolation were broadly similar across
the two tasks: we found little or no evidence for a recall advantage with
increased total temporal isolation on either task, but instead found
more complex patterns of TIEs. To generalize, we found recall ad-
vantages for longer pre-item intervals and recall advantages for shorter
post-item intervals.

However, one concern with these earlier experiments is that our
serial position curves in ISR were atypical: we failed to find the ex-
tended primacy effects that are characteristically observed in ISR and
our participants often failed to initiate recall with the first item. It is
possible therefore that our atypical findings observed in Experiment 1
and 2 may reflect the methodological choices that we made, and that
our TIE findings may not generalise to more conventional ISR meth-
odologies.

In Experiments 1 and 2, temporal isolation was manipulated by
varying the number of intervening digits that must be read aloud. The
advantage of this method is that it greatly reduces the opportunity for
rehearsal across long inter-stimulus intervals. However, there are also a
number of disadvantages to this method. First, the use of intervening
digits effectively transforms the IFR task into a continual distractor FR
task and transforms the ISR task into a complex span task. Second, the
words are not truly temporally isolated, but the method implicitly as-
sumes that participants at retrieval can effectively discriminate the
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words independently from the digits. A third disadvantage of our
method is that our written recall procedure using a response grid is also
different from standard ISR, since it allows participants to initiate recall
with later items more easily than is observed with oral recall, when
“blank” or “pass” responses are typically required to signify omissions
at output. Finally, our prior methodology varies the inter-stimulus in-
tervals using 0-7 digits, but the difference between a 0-digit condition
and a 1-digit condition may be qualitatively different from the differ-
ence between, say, a 2-digit and a 3-digit condition.

An alternative methodology that has been used to study TIEs in ISR
is to use unfilled temporal intervals of unpredictable and differing
durations between the list items. For example, Farrell et al. (2011,
Experiment 2) presented sequences of 8 spoken digits. The temporal
intervals before the first digit and after the last digit were fixed, but the
seven inter-item intervals were separated by either 100 ms (short) or
1000 ms (long) unfilled temporal pauses. Using this method, Farrell
et al. found extended primacy effects, and when participants were in-
structed to group the 8-item list into two mini-lists of 4-digits each, a
recall advantage was observed that was attributable to a longer tem-
poral interval between the fourth and fifth digits. As far as we are
aware, this method has not been applied to IFR.

In Experiment 3, we examined TIEs in IFR and ISR using two dif-
ferent methodologies in an attempt to replicate our findings under
methodologies that promoted greater extended primacy in the ISR task.
First, on one half of the trials, we used the methodology with the digit-
filled intervals that had been used in Experiment 1 (7 words) and
Experiment 2 (17 words), but we reduced the list length to 5 words.
Participants continued to write their responses, but in ISR had to write
“blank” for any omissions. We predicted that the tendency to initiate
recall with the first list item would increase at shorter list lengths (Ward
et al., 2010), and so reducing the list length should increase the chance
of demonstrating extended primacy effects. Specifically, we presented
participants with lists of 5 words, the interval before the first item and
after the last item was fixed and unfilled, leaving two inter-item in-
tervals that were filled with 7 digits (long digit-filled interval) and two
inter-item intervals that were filled with 1 digit (short digit-filled in-
terval). Recall was written and in any order for IFR but in forward serial
order for ISR, with participants indicating omissions in ISR by writing
“blank”.

On the other half of the trials, we adapted the procedure of Farrell
et al. (2011) to the visual presentation of word lists for ISR and IFR.
Specifically, we presented participants with sequences of 7 written
words. The interval before the first item and after the last item was
fixed and unfilled, leaving three inter-item intervals that contained an
unfilled 100 ms pause (short unfilled temporal interval) and three inter-
item intervals that contained an unfilled 1000 ms pause (long unfilled
temporal interval). Recall was spoken and in any order for IFR but in
forward serial order for ISR, with participants indicating omissions in
ISR by saying “blank”.

Each participant performed only one task (IFR or ISR) but per-
formed blocks with digit-filled intervals and blocks with unfilled tem-
poral intervals. The orders of the two types of temporal isolation
method were counterbalanced across participants.

Method

Participants
A total of 48 participants from University of Essex took part in this
experiment in exchange for £6.

Materials and apparatus

These were identical to those used in Experiments 1 and 2 except a
subset of 744 words (310 words for the digit-filled interval trials and
434 words for the unfilled temporal interval trials) were randomly se-
lected for each participant from the Toronto Word Pool (Friendly et al.,
1982).
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Design

The experiment used a mixed-design. The between-subjects in-
dependent variable was task type with two levels (IFR and ISR). There
were three within-subjects independent variables. The first within-
subjects independent variable was the temporal isolation method used
with two levels (digit-filled or unfilled temporal intervals). The second
within-subjects independent variable was the duration of the inter-sti-
mulus interval with two levels (short and long). The third within-sub-
jects independent variable was the serial position of the words with five
levels (SPs1-5) in the digit-filled interval isolation method and seven
levels (SPs1-7) in the unfilled temporal interval isolation method. The
main dependent variables were the proportion of words recalled in any
order (FR scoring) and in the correct serial position (SR scoring).

Procedure

Participants were randomly allocated into one of two groups, each
containing 24 participants: IFR or ISR. All participants were tested in-
dividually and received two practice trials (one with digit-filled inter-
vals and one with unfilled temporal intervals). There were 120 ex-
perimental trials split up into four blocks each containing 30 trials
(either two blocks with digit-filled intervals followed by two blocks
with unfilled temporal intervals, or the reversed order). The procedure
with digit-filled intervals was based on Experiments 1 and 2 with
shorter lists. The procedure with unfilled temporal intervals was
adapted from Farrell et al. (2011, Experiment 2).

The digit-filled interval trials contained four inter-stimulus inter-
vals, occurring between each word (there was no interval before the
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first word and a fixed unfilled temporal interval after the last word).
These four inter-stimulus intervals consisted of short (1 digit) and long
(7 digits) intervals each repeated twice. Each participant received 10
repetitions of the six possible permutations, and the order of their as-
signed temporal isolation sequences was randomised over the two
blocks and for each participant.

Each digit-filled interval trial started with a blank screen for
1000 ms. A fixation cross was then displayed for 1100 ms (550 ms on-
screen and 550 ms off-screen) with no pre-item interval before the first
word. Each word was displayed for 700 ms (550 ms on-screen followed
by a 150 ms off-screen). The four inter-stimulus intervals were filled
with either one or seven digits. Each digit was displayed for 550 ms
(400 ms on-screen followed by a 150 ms off-screen). Participants were
instructed to read aloud both the digits and the words as they were
presented. Following a fixed unfilled post-item interval of 550 ms after
the last word, a white box appeared in the centre of the screen in-
dicating the start of recall. Recall was written in a large square of an
otherwise empty response sheet. Participants were instructed to write
as many of the five words as they could remember, either in any order
(IFR) or in the same order as they had been presented (ISR). They could
write from left to right or from top to bottom. For ISR they were re-
quired to try to start with the first item and say “blank” to indicate any
omission.

The unfilled temporal interval trials contained six inter-stimulus
intervals, occurring between each word (there was no interval before
the first word and a fixed unfilled temporal interval after the last word).
These six inter-stimulus intervals consisted of short (100 ms) and long
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(1000 ms) intervals each repeated three times. Each participant re-
ceived three repetitions of the 20 possible permutations, and the order
of their assigned temporal isolation sequences was randomised over the
two blocks and for each participant.

Each unfilled temporal interval trial started with a blank screen for
1000 ms. A fixation cross was then displayed for 1550 ms (1000 ms on-
screen and 550 ms off-screen) with no pre-item interval before the first
word. Each word was displayed for 700 ms (550 ms on-screen followed
by a 150 ms off-screen). The six unfilled inter-stimulus intervals were
either short (100 ms) or long (1000 ms). Participants were instructed to
read the words silently as they were presented. Following a fixed un-
filled post-item interval of 550 ms after the last word, a white box ap-
peared in the centre of the screen indicating the start of recall. Recall
was spoken and recorded using the Audacity application for later
transcription. Participants were instructed to recall as many of the
seven words as they could remember, either in any order (IFR) or in the
same order as they had been presented (ISR). For ISR they were re-
quired to try to start with the first item and say “blank” to indicate any
omission.

In both types of inter-stimulus interval, the participants’ recall was
self-paced, and there was an opportunity to take a break at the end of
each block.

Results
A total of 8.5% of the responses were errors and were discarded.

The effect of total temporal isolation interval on the proportion of correctly
recalled words

Fig. 1E shows the mean proportion of words recalled in IFR and ISR
(using FR scoring) as a function of the total temporal isolation with both
digit-filled and unfilled temporal intervals. Fig. 1F shows these same
data using SR scoring. Table 3 summarises the findings of four 2 (task:
IFR or ISR) X 3 (total temporal isolation interval: Short/Short, Short/
Long, and Long/Long) mixed ANOVAs conducted on the proportion of
words correctly recalled as a function of total temporal isolation in-
terval for both the digit-filled and unfilled temporal intervals using FR
and SR scoring. The short/long total temporal isolation interval refers
to both a short pre-item and long post-item interval pairing and also a
long pre-item and short post-item interval pairing.

In all four analyses, the mean proportion of words recalled increased
with increasing total temporal isolation, and there were no interactions
between task and total temporal isolation. For the trials with the digit-
filled intervals, the linear contrast for the main effect of total temporal
isolation was significant and positive with FR scoring, F (1, 46) = 5.09,
MSE = .006, '75 =.100, p = .029, and SR scoring, F (1, 46) = 13.5,
MSE = .005, rlg = .227, p = .001. Similarly, for the trials with the un-
filled temporal intervals, the linear contrast for the main effect of total
temporal isolation was significant and positive with FR scoring, F (1,
46) = 5.66, MSE = .006, ng =.110, p = .022, and SR scoring, F (1,
46) = 4.75, MSE = .002, 73 = .094, p = .034. The mean proportion of
words recalled using SR scoring was significantly greater in ISR than
IFR for both digit-filled and unfilled temporal intervals, and the mean
proportion of words recalled using FR scoring was significantly greater
in IFR than ISR with unfilled temporal intervals but not digit-filled in-
tervals.

Overall, for both digit-filled and unfilled temporal intervals there
was a greater proportion of words correctly recalled with increasing
total temporal intervals, which did not interact with task.

Analysis of effect of digit-filled intervals on the serial position curves as a
function of pre- and post-item interval

Fig. 6 shows the serial position curves for the IFR and ISR tasks
(using FR scoring) for the 5-word trials with the digit-filled intervals.
The top panels show the serial position curves from the IFR group; the
bottom panels show the serial position curves from the ISR group. The
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Table 9

Summary of the ANOVA tables from analyses conducted on the serial position
curves as a function of temporal isolation interval from Experiment 3 digit-filled
intervals.

Experiment 3 Digit-filled intervals df MSE F qﬁ p
SPC as a function of pre-item interval (FR scoring)

Task 1, 46 .097 .001 <.001 .974
Pre-item interval 1, 46 .007 123.6 729 <.001
SP 1.59,73.0 .053 150.6 .766 <.001
Task X pre-item interval 1, 46 .007 1.59 .033 .213
Task X SP 1.59,73.0 .053 .705 .015 .466
Pre-item interval X SP 2.41,111.0 .007 15.6 .253 <.001
Task X pre-item interval X SP 2.41,111.0 .007 .545 .012 614
SPC as a function of post-item interval (FR scoring)

Task 1, 46 191 .648 .014 425
Post-item interval 1, 46 .011 319 .409 <.001
SP 1.85,85.2 .048 50.0 .521 <.001
Task x post-item interval 1, 46 011 .022 <.001 .883
Task x SP 1.85,85.2 .048 1.76 .037 181
Post-item interval X SP 3,138 .007 33.0 417 <.001
Task X post-item interval X SP 3,138 .007 .709 .015 .548
SPC as a function of pre-item interval (SR scoring)

Pre-item interval 1, 23 .006 88.5 794 <.001
SP 1.46,33.5 .088 549 .705 <.001
Pre-item interval X SP 3, 69 .006 11.7 .337 <.001
SPC as a function of post-item interval (SR scoring)

Post-item interval 1, 23 .014 5.02 179 .035
SP 1.52,35.0 .078 15.9 .409 <.001
Post-item interval X SP 3, 69 .009 2438 518 <.001

left-hand panels show the serial position curves as a function of the pre-
item interval whereas the right-hand panels show the serial position
curves as a function of the post-item interval.

The findings of a 2 (task: IFR and ISR) x 2 (interval: short and
long) X 4 (serial position, SPs 2-5) mixed ANOVA conducted on the
pre-item intervals (Fig. 6 left-hand panels) and a 2 (task: IFR and
ISR) X 2 (interval: short and long) X 4 (serial position, SPs 1-4) mixed
ANOVA conducted on the post-item intervals (Fig. 6 right-hand panels)
are summarized in the upper subtables of Table 9. Consistent with
Experiments 1 and 2 which also used the digit-filled intervals, there
were recall advantages in both IFR and ISR when there were long pre-
item intervals and short post-item intervals.

In the analyses of the pre-item intervals with FR scoring, the patterns
of data in the IFR and ISR tasks were highly similar. There were sig-
nificant recency effects in both tasks across SPs 2-5, with recall ad-
vantages for longer pre-item intervals across SPs 2—4. In the analyses of
the post-item intervals with FR scoring, the patterns of data in the IFR and
ISR tasks were also highly similar. There was significant 1-item primacy
and significant recency effects in both tasks and there were recall ad-
vantages for shorter post-item intervals across the later serial positions.

Fig. 7 shows the effect of these pre-item intervals (Fig. 7A) and post-
item intervals (Fig. 7B) on ISR performance using SR scoring. The
overall pattern of data with SR scoring resemble the data with FR
scoring in Fig. 6C and D. The findings of a 2 (interval: short and
long) X 4 (serial position, SPs 2-5) within-subjects ANOVA conducted
on the pre-item intervals (Fig. 7 left-hand panel) and a 2 (interval: short
and long) X 4 (serial position, SPs 1-4) within-subjects ANOVA con-
ducted on the post-item intervals (Fig. 7 right-hand panel) are sum-
marized in the lower subtables of Table 9. Consistent with the earlier
analyses using FR scoring, the analyses showed that there were recall
advantages in ISR (using SR scoring) when there were long pre-item
intervals and short post-item intervals.

In the analyses of the pre-item intervals with SR scoring, there were
again significant recency effects across SPs 2-5, with recall advantages
for longer pre-item intervals across SPs 2-4. In the analyses of the post-
item intervals with SR scoring, there was a significant 1-item primacy
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Fig. 7. Data from Experiment 3 digit filled intervals: Serial position curves for ISR using SR scoring as a function of pre-item intervals in Panel A, and as a function of
post-item intervals in Panel B.

effect and a 1-item recency effect, and a recall advantage for the shorter Analysis of effect of unfilled temporal intervals on the serial position curves
post-item interval at SP4. as a function of pre- and post-item interval
Overall, there were similar effects in IFR and ISR: in both tasks using Fig. 8 shows the effect of temporal isolation on the serial position
digit-filled intervals, there were recall advantages at the end of the list curves for the IFR and ISR tasks (using FR Scoring) for the 7-word trials
for words preceded by longer pre-item intervals and shorter post-item with the unfilled temporal intervals. The top panels show the serial
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Fig. 8. Data from Experiment 3 unfilled temporal intervals: Serial position curves for IFR and ISR using FR scoring as a function of pre-item intervals in Panels A and
C respectively, and as a function of post-item intervals in Panels B and D respectively.
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Table 10

Summary of the ANOVA tables from analyses conducted on the serial position
curves as a function of temporal isolation interval from Experiment 3 unfilled
temporal intervals.

Experiment 3 Unfilled temporal intervals df MSE F 115 p
SPC as a function of pre-item interval (FR scoring)

Task 1, 46 .094 245 .348 <.001
Pre-item interval 1, 46 .015 .107 .002 .745
SP 1.84,84.8 .087 8.84 .161 <.001
Task X pre-item interval 1, 46 .015 5.20 .102 .027
Task X SP 1.84,84.8 .087 30.6 .400 < .001
Pre-item interval X SP 5, 230 .008 1.72 .036 .132
Task X pre-item interval X SP 5, 230 .008 1.52 .032 .183
SPC as a function of post-item interval (FR scoring)

Task 1, 46 129 1.56 .033 .218
Post-item interval 1, 46 .008 4.23 .084 .045
SP 2.05,94.1 .068 13.3 .225 <.001
Task X post-item interval 1, 46 .008 3.02 .062 .089
Task x SP 2.05,94.1 .068 30.7 .400 < .001
Post-item interval X SP 5, 230 .007 2.14 .044 .062
Task X post-item interval X SP 5, 230 .007 1.32 .028 .255
SPC as a function of pre-item interval (SR scoring)

Pre-item interval 1, 23 .008 1.29 .053 .267
SP 1.77, 40.8 .071 323 .584 <.001
Pre-item interval x SP 5,115 .006 .987 .041 429
SPC as a function of post-item interval (SR scoring)

Post-item interval 1,23 .008 11.4 .331 .003
SP 1.74,39.9 .067 858 .789 <.001
Post-item interval x SP 5,115 .006 1.62 .066 162

position curves from the ISR group. These data with the unfilled in-
tervals show more typical task-specific serial position curves. The serial
position curves are more bowed in IFR, and there is more extended
primacy and limited recency in ISR. The left-hand panels show the se-
rial position curves as a function of the pre-interval whereas the right-
hand panels show the serial position curves as a function of the post-
interval.

The findings of a 2 (task: IFR and ISR) x 2 (interval: short and
long) X 6 (serial position, SPs 2-7) mixed ANOVA conducted on the
pre-item intervals (Fig. 8 left-hand panels) and a 2 (task: IFR and
ISR) x 2 (interval: short and long) X 6 (serial position, SPs 1-6) mixed
ANOVA conducted on the post-item intervals (Fig. 8 right-hand panels)
are summarized in the lower subtables of Table 10. By contrast to the
digit-filled task, our initial analyses using all the responses revealed
marked differences between the two tasks. We will see in the final set of
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analyses (below) that these differences are largely driven by the first
recalls, but the full data are first analysed and reported here.

When analysing the pre-item intervals (SPs 2-7), there was no
overall effect of temporal interval duration, a recall advantage for IFR
over ISR (using FR scoring), with more recency and less extended pri-
macy in IFR compared with ISR. There were also different effects of pre-
item intervals on IFR and ISR: there was a recall advantage for longer
pre-item intervals with IFR but a recall advantage for shorter pre-item
intervals with ISR. When analysing the post-item intervals (SPs 1-6),
there was a consistent recall advantage for longer post-item intervals,
no overall difference in task performance, but more recency and less
extended primacy in IFR compared with ISR.

Fig. 9 shows the effect of these pre-item and post-item intervals on
the ISR trials with unfilled temporal intervals using SR scoring. The
findings of a 2 (interval: short and long) X 4 (serial position, SPs 2-7)
within-subjects ANOVA conducted on the pre-item intervals (Fig. 9 left-
hand panels) and a 2 (interval: short and long) X 4 (serial position, SPs
1-6) within-subjects ANOVA conducted on the post-item intervals
(Fig. 9 right-hand panels) are summarized in the lower subtables of
Table 10.

The overall pattern of data with SR scoring resemble a clearer
version of the data with FR scoring in Fig. 8C and 8D. When analysing
the pre-item intervals (SPs 2-7), there was extended primacy effect in
ISR with no effect of temporal interval duration. When analysing the
post-item intervals (SPs 1-6), there was again extended primacy effect
in ISR but there was a consistent recall advantage for longer post-item
intervals.

Overall, there were similar effects in IFR and ISR with unfilled
temporal intervals, but only once the initial responses are excluded. In
both tasks, there is no effect of a pre-item interval, but there are recall
advantages for words followed by longer post-item intervals. Using vi-
sual presentation and unfilled intervals, participants can covertly re-
hearse an item during and after the presentation of a stimulus, such that
the TIEs are dominated by the positive effect of longer post-item in-
tervals, where there is greater opportunity for additional rehearsal.

The Probability of First Recall (PFR)

Table A3 shows the frequencies with which participants initiated
their recalls with words from particular serial positions in Experiment
3. Participants initiated recall with SP1 more often in ISR than IFR and
more often in the unfilled intervals than the digit-filled intervals.
However, the effect of temporal isolation could not be examined on
recall of SP1 because the pre-interval interval preceding the first list
item was fixed.
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Fig. 9. Data from Experiment 3 unfilled temporal intervals: Serial position curves for ISR using SR scoring as a function of pre-item intervals in Panel A, and as a

function of post-item intervals in Panel B.
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Table 5 summarizes the findings of a pair of 2 (task: IFR or ISR) x 2
(pre-item interval: short and long) mixed ANOVAs conducted on the
probability of initiating recall with one of the last 4 items for both digit-
filled (SPs 2-5) and unfilled (SPs 4-7) temporal intervals. For both
digit-filled and unfilled temporal intervals, the probability of initiating
recall with one of the last 4 items was significantly lower in ISR than in
IFR, and overall significantly higher for long pre-item intervals than
short. However, an examination of the interaction between task and
pre-item interval revealed that the patterns of PFRs were radically
different for the two tasks. In ISR, the pre-item interval did not affect
the probability of initiating recall with one of the last 4 items. However,
in IFR, long pre-item intervals increased the probability of initiating
recall with one of the last 4 items.

Thus, for both digit-filled and unfilled temporal intervals the pre-
item interval has no effect on the probability of initiating recall with
one of the last 4 items in ISR, but has a marked effect in IFR, with long
pre-item intervals increasing the probability of initiating recall with one
of the last 4 items.

The effect of pre-item interval on Lag + 1 transitions

The lower values in Table 6 show how the CRP values of Lag + 1
transitions in Experiment 3 varied as a function of the task and pre-item
interval. Table 7 summarises the findings of a pair of 2 (task: IFR or
ISR) X 2 (pre-item interval: short and long) mixed ANOVAs conducted
to examine the proportion of Lag + 1 transitions performed for digit-
filled and unfilled temporal intervals. For both the digit-filled and un-
filled temporal intervals the proportion of lag + 1 transitions per-
formed was higher for short pre-item intervals than long pre-item in-
tervals for both IFR and ISR. For digit-filled intervals there was a
significantly higher proportion of Lag + 1 transitions performed in ISR
than IFR, and the increase in Lag + 1 transitions with a short pre-item
interval was greater in IFR than ISR.

Thus, the tendency to transition in a forward order was lower for
IFR than ISR, and, the tendency to transition in a forward order in-
creased with decreasing pre-item interval.

Analysis of effect of unfilled temporal intervals on the serial position curves
as a function of pre-item interval removing first recall

Analyses of the first responses (PFR) indicated that participants
tended to initiate recall with items other than the first far more often in
IFR than in ISR, and in the IFR trials, the initial word recalled was far
more likely to be preceded by a long pre-item interval.

With the trials with digit-filled intervals, this recall advantage for
first recalled items is consistent with the overall pattern of data for both
IFR and ISR (Figs. 6 and 7), and when the first item is removed, the
recall advantage for long pre-item intervals remain essentially un-
changed across the tasks and serial position curve.

However, with the trials with unfilled temporal intervals, the recall
advantage for the first recalled item (recall advantage for long pre-item
intervals at SPs 2-7 in IFR) may contribute to the significant interaction
between task and pre-item interval where in IFR there is a recall benefit
for long pre-item intervals (Fig. 8A) whereas in ISR there is a recall
benefit for short pre-item intervals (Fig. 8C). As Fig. 10 shows, when the
first item recalled is removed, there are now nominal recall benefits for
long pre-item intervals for both IFR and ISR. Table 11 confirms that the
interaction between task and pre-item interval is now non-significant.

Discussion

Experiment 3 sought to examine TIEs in IFR and ISR using meth-
odologies that more closely resembled classic ISR methodologies and
which were more likely to generate the extended primacy in serial
position curves that are characteristic of ISR. We did this by comparing
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Fig. 10. Data from Experiment 3 unfilled temporal intervals: Serial position
curves for IFR and ISR with the first item recalled removed using FR scoring as a
function of pre-item intervals in Panels A and B respectively.

Table 11

Summary of the ANOVA tables from an analysis conducted on the serial posi-
tion curves removing first recall as a function of pre-item interval from
Experiment 3 unfilled temporal intervals.

Experiment 3 Unfilled temporal df MSE F :15 P
intervals First recall removed

SPC as a function of pre-item interval (FR scoring)

Task 1, 46 109 957 172 .003
Pre-item interval 1, 46 016 1.94 .041 170
SP 1.84, 84.4 .090 862 .158 <.001
Task X pre-item interval 1, 46 .016 .370 .008 .546
Task x SP 1.84,84.84 .090 233 .336 <.001
Pre-item interval X SP 5, 230 .009 1.43 .030 .216
Task X pre-item interval X SP 5, 230 .009 1.18 .025 .320

ISR and IFR on both 5-item trials with digit-filled intervals and 7-item
trials with unfilled temporal intervals.

There were three sets of findings. First, for the first time, we found a
small positive recall advantage with increased total temporal isolation.
The finding of an overall effect of temporal isolation is more consistent
with the classic TIE literature (e.g., Morin et al., 2010). The metho-
dology in Experiment 3 may have contributed to this outcome as it used
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only short (1 digit or 100 ms) and long (7 digits or 1000 ms) temporal
intervals, such that there were no intervals with 0 interval (which had
tended in earlier experiments to sometimes result in slightly elevated
recall) and the data were concentrated into only three total temporal
isolations. It should be noted that nevertheless these overall TIEs were
very modest in both methods and both tasks.

Second, with the 5-item digit-filled intervals, we broadly replicated
the findings from Experiment 1 and 2. For both IFR and ISR, we found
recall advantages for long pre-item intervals and recall advantages for
short post-item intervals. We also found increased tendencies to initiate
recall with words that were preceded by a long pre-item interval and for
both tasks we found increased tendencies to make lag + 1 transitions
between words that were separated by a short pre-item interval.
Although we again found highly similar effects of TIE on IFR and ISR,
our attempts to make the ISR data with the digit-filled intervals more
typical were not entirely successful: participants did initiate ISR with
SP1 on the majority of trials, but we found only 1-item primacy effects.
The digit-shadowing activity extended the duration of the trials and
greatly reduced the opportunity to process and rehearse the items in the
inter-stimulus intervals and these factors combined to significantly
weaken the characteristic primacy in the ISR serial position curves.

Third, with the 7-item unfilled temporal durations, we found recall
advantages in both IFR and ISR for long post-item intervals. This
finding is consistent with prior data showing recall advantages at
slower presentation rates when rehearsal is not prevented (for ISR, see
Tan & Ward, 2008; for IFR, see Grenfell-Essam et al., 2013; Tan & Ward,
2000). We also found characteristic serial position curves in IFR and
ISR, arguably owing to the shorter duration of the trials and the op-
portunity to benefit from the unfilled intervals. We again found ten-
dencies to initiate recall with words that were preceded by a long pre-
item interval and for both tasks we found increased tendencies to make
lag + 1 transitions between words that were separated by a short pre-
item interval. When all the data were analysed, we found different ef-
fects of a pre-item interval on ISR and IFR: in IFR, there were marginal
advantages for a long pre-item interval; whereas with ISR, there were
marginal advantages for a short pre-item interval. However, when the
initial response was removed from these analyses, there interaction
between task and pre-item interval became non-significant.

General discussion

There were two main aims of our experiments examining TIEs in IFR
and ISR. First, we wished to seek evidence that might encourage the-
oretical integration between IFR and ISR. Second, we wished to better
understand the variation in the magnitudes of TIEs that have been
observed in prior research, particularly given that prior research using
different methodologies suggests that TIEs may be stronger in IFR but
may be weaker, or even absent, in ISR.

Let us first consider the similarities and differences between IFR and
ISR. Our findings support the claim that there are similar patterns of
TIEs in ISR and IFR when the two tasks are compared using the same
methodology. We directly compared the two tasks using digit-filled
inter-stimulus intervals (that had previously been used to study TIEs
with long lists in IFR) at shorter list lengths (7 word lists, Experiment
1), longer list lengths (17 word lists, Experiment 2), and very short lists
(5 word lists, Experiment 3). In all three experiments, we found similar
patterns of TIEs in IFR and ISR. This occurred when we examined the
effect of the duration before a word (the pre-item interval), when we
examined the effect of the duration after a word (the post-item interval)
and when we summed these two intervals to compare the effects of the
total temporal isolation interval. Indeed, it was very rare using a digit-
filled interval that we found any interaction between task and the
duration of the inter-stimulus interval.

There was, however, some evidence for task differences when TIEs
were examined using an unfilled temporal interval in Experiment 3 (a
method adapted from studies of TIE with shorter lists in ISR, Farrell
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et al.,, 2011). When participants read silently a list of 7 words which
were separated by short (100 ms) or long (1000 ms) inter-stimulus in-
tervals, we found similar effects of total temporal isolation intervals and
post-item intervals, but we found differences in the effect of the pre-
item intervals between the tasks. Specifically, we found that IFR tended
to benefit from longer pre-item intervals, but ISR tended to benefit
(non-significantly) from shorter pre-item intervals. However, even this
difference can be accounted for if one allows the first response to be a
special case. In ISR, participants tend to initiate recall with the first list
item (as instructed), but in IFR, they tend to initiate recall with a later
list item that was preceded by a longer pre-item interval. When this
initial recall is excluded from the analysis, the recall benefit of longer
pre-item intervals in IFR is reversed, and there is no longer an inter-
action between task and pre-item interval.

Together, our findings suggest that differences in methodology ra-
ther than differences in tasks are primarily responsible for prior re-
ported differences in the magnitude of TIEs. Our more similar TIEs are
consistent with an emerging body of evidence (e.g., Bhatarah et al.,
2008, 2009; Grenfell-Essam & Ward, 2012; Grenfell-Essam et al., 2017;
Spurgeon et al., 2014; Ward et al., 2010) that suggest that IFR and ISR
are more similar than different when the two tasks were compared
under similar methodologies, list lengths, and scoring systems. As such,
our data broadly supports those theories that already account for both
IFR and ISR, such as Brown et al. (2007) and Farrell (2012), and en-
courages future theoretical integration of IFR and ISR.

Let us now consider the exact patterns of TIEs that we observed.
First, we found only modest increases, at best, in recall with increases in
the overall temporal isolation interval. This finding was surprising and
at first appears contrary to theories that propose that recall benefits
from greater temporal distinctiveness (Brown et al., 2007) or from ea-
sier discrimination in temporal context (Glenberg, 1987). However, the
main reason for this modest effect of overall temporal isolation interval
is that we observed both positive and negative effects of increasing
temporal intervals, with different complex and nuanced patterns of TIEs
at different serial positions.

It is more diagnostic to consider the TIEs with digit-filled intervals,
because any effects of rehearsal are minimized using this method. With
digit-filled intervals, we found recall advantages for words preceded
with longer pre-item intervals. These recall advantages for longer pre-
item intervals were limited to the second half of the list in Experiments
1 and 3, and present throughout the list in Experiment 2. We attribute
these advantages to the greater temporal distinctiveness (Brown et al.,
2007) or greater contextual discrimination (Glenberg, 1987) afforded to
items that are more temporally isolated. These advantages are parti-
cularly informative as they cannot be attributed to differences in post-
item processing (such as elaboration or rehearsal) because the item had
not yet been presented. A temporal distinctiveness account also offers a
good explanation for the heightened tendency to initiate recall with a
word preceded by a longer pre-item interval.

However, we also found recall advantages for words followed by
shorter post-item intervals. These effects tended to be more pronounced
in the second half of the list in all three experiments. We also found an
increased tendency to make Lag + 1 transitions between successively
presented list items when there was a shorter inter-stimulus interval
between the pair of words. These recall advantages for shorter temporal
intervals are less easy for theories that assume recall benefits from
greater temporal distinctiveness (Brown et al., 2007) or greater con-
textual discrimination (Glenberg, 1987), especially in the absence of an
account of the order of responses.

The patterns of TIEs before and after the individual list items are less
diagnostic in the unfilled temporal intervals because it is more likely
that additional rehearsal or elaborative processing of earlier items
could be carried out during and after the presentation of later list items.
Unlike the unfilled temporal intervals used by Farrell et al. (2011), we
used visual silent presentation (rather than auditory presentation)
which might further have encouraged the incorporation of new items
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into a rehearsed sequence (e.g., Macken, Taylor, Kozlov, Hughes, &
Jones, 2016). Nevertheless, we still observed a heightened tendency to
initiate recall with a word preceded by a longer pre-item interval and a
greater tendency to make Lag + 1 transitions between successively
presented list items when there was a shorter inter stimulus interval
between the pair of words.

A number of theoretical frameworks propose recall advantages for
items that are distinctive and also items that are highly related to others
(e.g., Einstein & Hunt, 1980; Hunt & McDaniel, 1993). However, when
one considers the effects of temporal or contextual distinctiveness, there
are two main contenders.

First, retrieved context models of free recall (Howard & Kahana,
2002; Lohnas et al., 2015; Polyn et al., 2009; Sederberg et al., 2008)
assume that items are associated at encoding with a gradually-changing
representation of temporal context. At the end of the list, the temporal
context at test is more similar to that associated with those items to-
ward the end of the list (such that there is enhanced probability of
initiating recall with a recency item). Critically, once an item is re-
trieved, the study context associated with the retrieved item is also
retrieved and this is used as a cue, supporting the retrieval of neigh-
boring items that share similar contextual states. Inspired by the pre-
dictions of a retrieved context model, Polyn et al. (2019) presented
participants with lists of 15 words separated by arithmetic-filled inter-
stimulus intervals of between 6 and 23 s that expanded and contracted
cyclically throughout the list. Polyn et al. failed to find a recall benefit
for temporally isolated items, but found that the forward-order asym-
metry in recall (promoting Lag + 1 transition) increased when the in-
terval between the items was reducing, a finding similar to that in our
data. Unfortunately, the retrieved context models have not as yet been
applied to ISR, and have a tendency to over-predict the magnitude of
the recency effect in very short lists (e.g., Ward & Tan, 2019; Ward
et al., 2010).

Second, a temporal grouping explanation may also explain our
nuanced pattern of TIEs (Farrell et al., 2011; Farrell, 2012). Farrell
(2012) has proposed a model of short-term memory and episodic
memory that can account for data from a wide variety of tasks including
IFR and ISR. Central to the model, is the idea that participants parse a
continuous sequence of items into a series of ad hoc subgroups or
clusters. In the absence of grouping instructions, the temporal organi-
sation may be influenced by the serial position of the list item and the
sequences of temporal pauses. Following Farrell (2012), the first item of
the list will always be the first item of the first subgroup. However,
participants may elect to initiate second and subsequent subgroups
when the randomized digit structure fortuitously generates a favourable
set of pre-item and post-item intervals (Hartley et al., 2016). Following
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the discussion of Farrell et al. (2011, p. 583), a longer pre-item interval
may encourage grouping by forming a temporal discontinuity that
suggest a group boundary (encouraging participants to terminate the
current subgroup and create a new subgroup), whereas a shorter pre-
item interval may further encourage the continuation of encoding
within a subgroup. Spurgeon et al. (2015) have shown that participants
are more likely to initiate IFR and ISR with the first item within a group
(particularly the first item of the most recent group); they then tend to
make heightened Lag + 1 transitions to subsequent successive items
within a group.

Our findings are also supported by further consideration of the
predictably increasing and decreasing schedules of total isolation in-
tervals when rehearsal is prevented. As shown in Brown et al. (2006,
Experiment 1), the decreasing schedules typically show recall ad-
vantages early in the list when the pre-item intervals in the decreasing
schedules are much longer than the pre-item intervals in the increasing
schedules, but the recall advantages reverse in the middle of the list
when the pre-item intervals in the increasing schedules become longer
than the pre-item intervals in the decreasing schedules. Finally, there is
a recall advantage at the end of the list for the decreasing schedules,
because recall benefits at the end of the list from far shorter post-item
intervals.

Summary and conclusions

We have presented the findings of three experiments which ex-
amined TIEs in immediate memory tasks using shorter and longer lists.
We found only modest recall advantages for words that are temporally
isolated based on the total temporal isolation interval. Rather, we found
recall advantages for longer pre-item and shorter post-item intervals,
which we interpret within a grouping account. Since we show broadly
similar TIEs in ISR and IFR, we argue our findings encourage greater
theoretical integration between these tasks, especially for shorter list
lengths.
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Data from Experiment 1: The distribution of the first words recalled on each trial as a function of task, pre-item interval and serial position. Note that the Italicized
values show the frequencies of trials in which recall is initiated with one of the last four presented words.

Serial Pre-item interval digits
Position

0 1 3 7 0 1 3 7 0 1 3 7

IFR ISR-free ISR

1 73 59 49 69 14 20 20 26 221 176 168 181
2 24 17 14 23 7 9 6 9 58 60 57 57
3 18 19 20 20 9 9 11 8 62 56 60 71
4 11 19 26 40 4 9 11 20 64 68 84 95
5 28 43 60 99 15 28 69 103 58 71 99 138
6 68 119 147 200 54 88 145 168 56 73 76 107
7 172 261 345 424 283 360 426 475 23 33 35 56
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Table A2
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Data from Experiment 2: The distribution of the first words recalled on each trial as a function of task, pre-item interval and serial position. Note that the Italicized
values show the frequencies of trials in which recall is initiated with one of the last four presented words.

Serial Position

Pre-item interval digits

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
IFR ISR-free ISR
1 11 9 203
2 1 1 1 3 2 2 3 4 3 4 2
3 1 1 1 4 1 3 1 2 2 4 4
4 1 1 1 1 2 2 2 2 4 2
5 1 1 4 1 2 4 3
6 2 1 1 1 5 2 5 1 1
7 1 3 4 1 3 2 2 1
8 1 1 1 1 1 1 1 2 1 2 1 3
9 1 1 1 1 2 1 2 3 1 5 2
10 1 1 1 1 2 1 1 1 2 1
11 1 2 1 1 3 1 1
12 1 1 1 1 1 1 2 1
13 1 1 1 1 4 1 1 3 2 2 5
14 1 2 2 1 1 1 1 1 2 3 3 1 4 3 1
15 2 6 4 2 1 1 3 1 5 2 2 1 4 2 4 4 6
16 7 8 5 10 11 5 10 13 4 2 3 8 2 7 3 5 6 4 5 3 1 2
17 19 43 48 44 44 40 50 61 39 50 59 63 46 57 46 49 3
Table A3

Data from Experiment 3: The distribution of the first words recalled on each trial as a function of task, pre-item interval and serial position. The upper sub-table
reflects the data from digit-filled intervals and the lower sub-table reflects the data from unfilled temporal intervals. Note that the Italicized values show the
frequencies of trials in which recall is initiated with one of the last four presented words.

Temporal isolation Serial Pre-item interval digits
method Position
0 Short Long 0 Short Long
IFR ISR

Digit-filled intervals 1 158 801
2 29 35 36 21
3 38 86 17 15
4 91 222 1 4
5 276 463

Unfilled temporal 1 330 956

intervals 2 27 29 19 20

3 14 33 14 22
4 34 101 8 14
5 66 136 3 6
6 82 232 2 4
7 113 205 2

Appendix B. Supplementary material

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jm1.2019.104049.

References

Anderson, J. R., & Matessa, M. (1997). A production system theory of serial memory.
Psychological Review, 104, 728-748.

Baddeley, A. D. (1966). Short-term memory for word sequences as a function of acoustic,
semantic and formal similarity. The Quarterly Journal of Experimental Psychology, 18,
362-365.

Baddeley, A. D. (1976). The psychology of memory. New York: Basic Books.

Baddeley, A. D. (1986). Working memory. Oxford: Clarendon Press.

Baddeley, A. D. (2007). Working memory, thought, and action. Oxford, UK: Oxford
University Press.

Baddeley, A. (2012). Working memory: Theories, models and controversies. Annual
Review of Psychology, 63, 1-29.

Baddeley, A. D., Thomson, N., & Buchanan, M. (1975). Word length and the structure of
short-term memory. Journal of Verbal Learning & Verbal Behavior, 14, 575-589.
Beaman, C. P., & Jones, D. M. (1998). Irrelevant sound disrupts order information in free
recall as in serial recall. The Quarterly Journal of Experimental Psychology A: Human

Experimental Psychology, 51, 615-636.

Bhatarah, P., Ward, G., Smith, J., & Hayes, L. (2009). Examining the relationship between

free recall and immediate serial recall: Similar patterns of rehearsal and similar

23

effects of word length, presentation rate, and articulatory suppression. Memory &
Cognition, 37, 689-713.

Bhatarah, P., Ward, G., & Tan, L. (2008). Examining the relationship between free recall
and immediate serial recall: The serial nature of recall and the effect of test ex-
pectancy. Memory & Cognition, 36, 20-34.

Bjork, R. A., & Whitten, W. B. (1974). Recency-sensitive retrieval processes in long-term
free recall. Cognitive Psychology, 6, 173-189.

Botvinick, M. M., & Plaut, D. C. (2006). Short-term memory for serial order: A recurrent
neural network model. Psychological Review, 113, 201-233.

Brown, G. D. A., Morin, C., & Lewandowsky, S. (2006). Evidence for time-based models of
free recall. Psychonomic Bulletin & Review, 13, 717-723.

Brown, G. D. A,, Neath, L., & Chater, N. (2007). A temporal ratio model of memory.
Psychological Review, 114, 539-576.

Brown, G. D. A., Preece, T., & Hulme, C. (2000). Oscillator-based memory for serial order.
Psychological Review, 107, 127-181.

Brown, G. D. A,, Vousden, J. I., & McCormack, T. (2009). Memory retrieval as temporal
discrimination. Journal of Memory and Language, 60, 194-208.

Burgess, N., & Hitch, G. J. (1999). Memory for serial order: A network models of the
phonological loop and its timing. Psychological Review, 106, 551-581.

Burgess, N., & Hitch, G. J. (2006). A revised model of short-term memory and long-term
learning of verbal sequences. Journal of Memory and Language. 55, 627-652.


https://doi.org/10.1016/j.jml.2019.104049
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0005
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0005
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0010
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0010
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0010
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0015
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0020
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0025
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0025
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0030
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0030
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0035
http://refhub.elsevier.com/S0749-596X(19)30080-4/h0035
http://refhub.elsevier.com/S0749-596X(19)