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DYNAMICS OF SERIAL POSITION CHANGE IN
PROBE-RECOGNITION TASK

Mario Fifié'
Laboratory of Experimental Psychology
University of Belgrade, Serbia, Yugosavia

Relationship between practice and serial position effects was investigated,
in order to obtain more evidence for underlying short-term memory processes.
The investigated relationship is termed the dynamics of serial position change.
To address this issue, the present study investigated mean latency, errors, and
performed Ex-Gaussian convolution analysis. In six-block trials the probe-
recognition task was used in the so-called fast experimental procedure. The
serial position effect was significant in all six blocks. Both primacy and recency
effects were detected, with primacy located in the first two blocks, producing a
non-linear serial position effect. Although the serial position function became
linear from the third block on, the convolution analysis revealed a non-linear
change of the normal distribution parameter, suggesting special status of the
last two serial positions. Further, separation of convolution parameters for
serial position and practice was observed, suggesting different underlying
mechanisms. In order to account for these findings, a strategy shift mechanism
is suggested, rather then a mechanism based on changing the manner of
memory scanning. Its influence is primarily located at the very beginning of the
experimental session. The pattern of results of errors regarding the dynamics
of serial position change closely paralleled those on reaction times. Several
models of short-term memory were evaluated in order to account for these
findings.
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The probe-recognition task is a standard paradigm in short-term memory
research. It was introduced by Sternberg (1966), and consists of alist of memorized
items (memory list) and a subsequently presented probe-item. The subject has to
decide whether a probe-item had been a member of the previously presented
memory list. Response latency is measured from the probe onset. The probe
recognition task is also referred to as the memory search task. The present study will
focus on the effects of practice and serial position on memory search.
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The effect of practice on short-term memory retrieval has been demonstrated
in a number of investigations, showing that practice speeds up retrieval time and
improves accuracy (Burrows & Murdock, 1969; Krueger, 1970; Simpson, 1972;
Schneider & Shiffrin 1977; Shiffrin & Schneider, 1977). These studies also showed
that extensive practice reduced the set-size effect, suggesting that short-term
memory retrieval becomes independent of the number of items to be scanned. It
should be noted that the effect of practice on memory search has been mostly
investigated in the consistent mapping procedure (CM), in which distractors are
drawn from a set of items which are not members of memory set ("no" responses),
i.e. they are never used as targets ("yes' responses). This procedure is largely
influenced by prolonged practice and produces a flat set-size effect, which suggests
that retrieval time does not depend on the number of items that are to be scanned in
memory. Reduction of the set-size effect is explained as a shift from controlled to
automatic processing or, to put it differently, from seria to parallel processing
(Schneider & Shiffrin 1977; Shiffrin & Schneider, 1977; Shiffrin & Schneider,
1977). In the varied mapping procedure (VM) targets and distractors are drawn from
the same set (for example, Sternberg, 1966, 1969; Burrows & Murdock, 1969). In
contrast to the consistent mapping procedure, in the varied mapping procedure
extensive practice has little influence on memory search. Although the varied
mapping procedure reduces the set-size effect, it remains stable at 20-40 ms
(Burrows & Murdock, 1969; Logan, 1978). The VM procedure has received less
attention, and most of investigations focused on the CM procedure. Regardless of
this fact, in the present work it is postulated that the influence of the varied mapping
procedure is substantial and necessary in order to understand memory mechanisms.
In the present study the varied mapping procedure is used in order to investigate the
effect of practice on seria position.

In the “yes’ responses a probe-item could be differently positioned within the
memory list. Thisis referred to as the serial position of the probe-item and was one
of the main factors of interest in short-term memory research. In his standard probe-
recognition task, Sternberg obtained linear and paralel set size functions for both
“yes’ and “no” responses. Additionally, he did not find a significant relationship
between serial position of a probe and a response latency (Sternberg 1966, 1969).
Sternberg suggested exhaustive serial short-term memory search: in the memory
search task, all memorized items are serially compared with the probe, regardless of
the possible positive match that may occur somewhere in the list.

In contrast to Sternberg’s findings, a large number of studies reported
significant serial position effects with a strong recency effect (i.e. faster processing
of last presented items) in addition to rarely observed somewhat weaker primacy
effect (i.e. faster processing of first items in the list) (Corballis, 1967; Morin, De
Rosa, & Shultz, 1967; Clifton & Birenbaum, 1970; Burrows & Okada, 1971;
Corbaliss, Kirby, & Miller, 1972; Forrin & Cunningham, 1973; Aube & Murdock,
1974; Ratcliff, 1978; Monsell, 1978; McElree & Dosher, 1989). More generally,
subsequent investigations demonstrated that the so-called "slow procedure” is most
likely not producing serial position effects. This procedure is characterized by long
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exposure of items in the memory list (about 1sec), and long pre-probe delays (about
2sec). On the other hand, the so-caled "fast procedure” is most likely to produce
significant serial position effects with typical recency and primacy components. The
fast procedure uses short exposure of memory items (less then 1sec) and shorter pre-
probe delays (1sec or less).

The standard serial hypothesis implies equality between all short-term memory
representations. Sternberg suggested than in a probe-recognition task total retrieval
time consists of the following additive components. encoding, decision, response,
plus matching each memory representation with the probe-representation (Sternberg,
1969). If the first three processes are kept constant in an experiment, with the
number of items in the memory list being the only variable, retrieval time will
depend only on the number of items to be scanned. If the scanning process is
assumed to be serial and exhaustive, with a constant rate (Sternberg, 1969), and if
memory representations are equally represented in memory, no serial position effect
is expected. The absence of the serial position effect was demonstrated in severa
studies, which used the slow experimental procedure (Sternberg, 1969; Clifton &
Birenbaum, 1970; Hockley, 1984).

Another class of serial models is the seria self-terminating models. They
assume that scanning is serial and performed up to the last memory representation. If
a positive match occurs, the scanning stops resulting in a decision. These models
predict a positive serial position effect, under assumption that short-term memory
representations are equally represented. If scanning goes from the first to the last
memory representation, and if scanning is terminated as soon as the positive match
occurs, reaction time will increase as a function of serial position, indicating a strong
primacy effect. This type of seria position effect is rarely observed in probe-
recognition tasks. It is more often obtained in the visual scanning task, where
subjects visually scan multielement displays in search for a pre-memorized probe
(for more reviews see Van Zandt & Townsend, 1993).

The serial position effect obtained in the fast procedure challenged the
exhaustive serial short-term memory model. It was a matter of controversy whether
serial models could account for the seria position effect, at all. Modifications of
Sternberg’'s serial-exhaustive model were suggested in order to preserve seria
processing. In addition to seria exhaustive search, a kind of rapid non-serial search
was postulated: Clifton & Birenbaum (1970) proposed a distinct tempora store for
last presented items, previously suggested by Waugh & Norman (1965). The store is
assumed to have capacity of 2-3 items with persistence of one or two seconds.
Similarly, Forin & Cunningham (1973) proposed a two-process model, suggesting
that in active memory two-comparison process run off concurrently. While some
memory representations are accessed by exhaustive serial scan, others are accessed
by a process similar to physical identity match, suggested by Posner et al. (1969). It
isimplied that the second comparison is influenced by the time period during which
the representations have been stored. Posner (1969) suggested that within short
retention interval, memory representation is based primarily on the sensory codes
that are easily accessed. In a memory search task with short delays, last presented
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items have the strongest memory representation based on additional sensory codes,
and therefore are easy to retrieve. This may account for the recency effect of serial
position. On the basis of Posner’s finding, Burrows & Okada (1971) suggested two
different modes of accessihility: each memory item could be either in a high or a
low accessibility state. If an item is in the high accessibility state it can be more
easily compared with the probe-item.

The presented models are based on modifications of Sternberg's original serial-
exhaustive processing model (1969). Modifications were made in order to account
for recency effects obtained in the fast experimental procedures. Modified serial-
exhaustive models will be referred to as "hybrid two-process models'. Their
common assumption is the existence of two separate retrieval mechanisms (or
processes).

The class of hybrid serial models lessened the implication of equality of short-
term memory representations (Clifton & Birenbaum, 1970; Forrin & Cunnigham,
1973; Burows & Okada, 1971). It is suggested that short-term memory
representations, which entered memory last, are stored in a different format. This
class of models preserved serial exhaustive processing combined with fast direct
processing which is likely to be based on sensory information (Posner 1969,
Sperling 1960). This view can be criticized on the basis of plausibility of functional
and temporal distinctiveness of short-term store. It was demonstrated that the
immediate repetition effect was not due to the physical match between the last item
in the list and the probe-item. If memory items are uppercase and probe-items are
lower-case |etters, the magnitude of the recency effect remains the same, as if both
are from the same letter case set (McElree & Dosher, 1989). A second line of
evidence in favor of a single-process mechanism is based on the recency effect for
negative probes. it was demonstrated that recent presentation of negative probes
from previous trials produced slower and less accurate responses (Atkinson,
Herrman & Westcourt, 1974; Monsell, 1978; McElree & Dosher, 1989). Thus, both
findings suggest more abstract properties of memory representations, such as
strength or familiarity, to be the principal factor in retrieval.

The aternative class of models assumed that the short-term store is scanned in
paralel, with simultaneous processing of al memory items. This may suggest that
paralel processing produces neither set-size nor seria position effects. However,
some parallel models are capable of mimicking some serial models (Townsend,
1971, 1972 for a further discussion see also Townsend 1990) producing a pattern of
results, which could be interpreted as serial processing.

Direct and/or parallel models account for set-size and serial position effectsin
two ways. The first approach is advocated by Murdock (1971) and Ratcliff (1978),
(see dso Townsend & Ashby 1983) who suggested a dependence between the
number of items in memory and the comparison process. The size of the memory set
is assumed to affect the comparison process. In Ratcliff’s (1978) model, set-size
affects comparison time indirectly through the strength of the memorized
representation. As outlined by Ratcliff, the larger the comparisons set, the lower the
degree of relatedness with the probe-item. A second line of reasoning is presented in
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the direct-access approach, which assumes that the strength of an item’'s
representation is determined by the item’s serial position. The strength value
determines reaction time, while comparison time is independent of the number of
processing items (Corballis, Kirby & Miller, 1972; Baddeley & Ecob, 1973;
Anderson, 1973). The direct-access approach is based on an extension of principles
of the trace-strength theory (Norman & Wilckgren 1969, Wilckgren & Norman,
1966), and is consistent with a number of strength-based memory models such as
Matched-filter Model (Anderson, 1973), MINERVA (Hintzman, 1984), SAM
(Gillund & Shiffrin, 1984), and TODAM (Murdock, 1982; 1996).

Strength-based models can account for the recency effect observed in the fast
experimental procedure. Memory strength of the last presented items is more
vigorous allowing easy access during short-term memory scanning. In contrast to the
two-process models, the strength-based models account for the position effect by
postulating a one-dimensional strength value of memory representations, stored
aong with item information. If we assume that the representation strength value
decreases by decay or interference, it could be expected that representations which
entered memory last should have the strongest trace, and therefore should be
accessed faster, thus producing the recency effect. It is suggested that in the slow
experimental procedure, longer retention intervals allow partial rehearsal to affect
stored memorized representations, thus reducing the recency effect (Seamon &
Wright, 1976).

Serial processing models could also be accommodated to account for the
recency effect. In the conveyor-belt model, Murdock suggested serial-backward
scanning of memorized items (Murdock & Anderson, 1975; Murdock, Hockley &
Muter, 1977). The consecutively presented items are encoded and stored with their
serial order maintained, much like items on a conveyor belt. Because the belt is
constantly in motion, items are getting older continuously. A comparison process
starts from the memory presentation, which entered short-term store last, and stops
on the positive match. Retrieval speed depends on the item's position in the list that
is on the relative duration of an item. Unlike some serial models which assumed
equality of memorized items, the conveyor-belt model alows memory
representations to have different statuses, while maintaining the order of scanning,
but in the opposite direction, i.e. from the most recent ones to the remotest one. If
constant scanning rate for each item is assumed, the conveyor-belt model predicts
linear decrease of reaction time as a function of serial position.

ANALYSIS OF RESPONSE TIME DISTRIBUTIONS

Additional insight concerning distinctions between cognitive structures can be
obtained from the properties of response time distribution. Several studies examined
whether convolutions of normal and exponential distributions provide a good
description of the observed response distributions. They also tested whether
convolutions yield parameters that are relevant for evaluation of specific models of
cognitive processing (Ratcliff, Murdock, 1976; Ratcliff, 1978; Hockley, 1984). The
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ex-Gaussian distribution is a convolution of the normal and the exponential
distribution. It is characterized by three parameters: p and ¢ being the mean and the
standard deviation of normal distribution, and t being the mean of the exponential
distribution. The convolution analysis applied to a variety of recognition paradigms
showed that the distinction between different recognition paradigms could be made
by observing the change of convolution parameters (Ratcliff & Murdock, 1976;
Ratcliff, 1978; Hockley & Corballis, 1982, Hockley, 1982; Hockley, 1984).

Convolution analysis was used to distinguish between memory search models.
It is assumed that serial processing with constant comparison rate should be largely
reflected in change of p (shifting the body of normal distribution). In contrast, it was
generally observed that increase of reaction time is paralleled by increase of the t
parameter (positive tail of distribution) (Ratcliff & Murdock, 1976; Ratcliff, 1978;
Hockley & Corballis, 1982, Hockley, 1982). Although those findings seriously
challenged standard serial processing models, Hockley (1984) suggested that if the
comparison process is assumed to be extremely variable, serial processing is till
tenable. Thus, to completely distinguish between seria/parallel processing it is not
sufficient to detect separation of the of convolution parameters.

The relationship between serial position of a probe-item and convolution
parameters was discussed in severa investigations. In a probe-recognition task
which maximized the serial position effect (fast procedure), while set-size and serial
position varied, Ratcliff (1978) reported a change of convolution parameters which
supported his random-walk diffusion memory model. Ratcliff assumed that latencies
for “yes’ responses vary with set-size and "relatedness’. Relatedness value was
defined as the degree of match between a probe-item and a retrieved item
representation, and is assumed to vary as a function of serial position. Ratcliff
reported parallel set-size effects (*yes’ and “no” responses), while serial position
indicated arecency effect. Both u and t decreased as function of serial position, that
is paraleled by decrease in mean reaction time as well. He discussed whether the
relatedness value of each serial position item could be treated as a free parameter or
as afunctional relation. Ratcliff left this problem for some future explorations. For
the present study this relationship is of the utmost interest.

Using a probe-recognition task with the slow procedure, Hockley (1984) varied
both set-size and serial position. He replicated Sternberg’'s (1969) parallel set-size
functions for both “yes’ and “no” responses, with a non-significant serial position
effect. Hockley did not report the outcome of convolution analysis on serial position.
Nevertheless, some conclusions could be drawn from his forced-choice recognition
task (Hockley, 1984). This task is similar to the single-probe recognition task, the
only difference being the presentation of two-item probe (top and bottom items).
Subjects have to decide whether one of the probe items was a member of the
previously memorized set. In addition to this procedural difference, Hockley's
forced-choice recognition task utilized the fast procedure, which maximizes serial
position effects. Serial position was significant for each set size (3 to 6) with the
strong recency and weak primacy effects. The fact that the position of the probe-
item did not differentialy affect the pattern of serial position functions may suggest
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that inferences derived from Hockley's (1984) forced-choice experiment could be
used in the evaluation of convolution parameters in the same manner asit was in the
standard probe-recognition task. However, Hockley demonstrated that both u and ©
decrease as afunction of seria position at relatively comparable rates.

SUMMARY

The influence of practice on probe-recognition reaction time was extensively
investigated. Nevertheless, there is no evidence for the effect of practice on serial
position in the fixed set-size recognition paradigm. Most studies focused on the
relationship between practice and set-size. The set-size effect is believed to be the
crucia variable to affect the number of memory comparisons in serial short-term
memory modeling, while seria position is considered to be of secondary
importance. The aim of this study is to allow for more detailed insights into the
relation between practice and serial position, when set-size is kept constant. In the
present investigation a fixed-sized memory set is used in order to minimize task
complexity. On the other hand, it should allow for fast processing accommodation,
which could help easier observation of the dynamics of change within a few blocks
of trials. Also, the fast procedure will be used in order to produce significant seria
position effect.

Although there is general agreement that the fast procedure produces recency
effects, it is questionable which conditions produce the rarely observed primacy
effect. Some authors suggested that faster processing of the first presented items
could be attributed to partial rehearsal of the items at the beginning of the memory
list (Corballis, 1972).

It is generaly acknowledged that practice has strong effects on short-term
memory retrieval. In the present study the effect of practice on item retrieval with
respect to its seria position will be referred to as the dynamics of serial position
change. Nevertheless, in most investigations this variable is kept constant and is not
elaborated in detail.

Of secondary interest is the relationship between practice and serial position
on one hand, and the change of the convolution parameters on the other hand. It is
somewhat surprising that there is no detailed study of the effects of practice on
convolution parameters. Practice is considered to take information processing to the
optimal level. The optimization of short-term memory processing reduces the
average processing time and improves accuracy. If practice produces systematic
variability of reaction time, which is non-homogeneous with respect to the overall
shape of latency distribution, it may influence our inferences about short-term
memory processing based on the convolution anaysis. If this is not taken into
consideration, practice could be confounded with some properties of processing
mechanisms.

If practice affects mechanisms of short-term memory processing differently,
and if convolution parameters are influenced by these mechanisms, we may observe
separation of these parameters.
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EXPERIMENT
Method

Subjects. 21 students from the Faculty of Transport and Traffic Engineering of
the University of Belgrade participated in the experiment. Subjects were divided in
two groups and were tested simultaneously in six blocks of tasks.

Stimuli and procedure: The stimulus set consisted of digits ranging from 0 to 9.
Each trial was self-paced. A warning signal (three asterisks) with exposure duration
of 1000 ms preceded the memory set which consisted of six digits consecutively
presented for 1000 ms at the fixation point in the middle of the screen. After a
preprobe delay of 750 ms, awarning signal (three blank characters) was presented at
the fixation point for 200 ms. 50 ms after the warning signal the probe-item was
presented for 100 ms. Subject's task was to answer by pressing a yes/no key whether
the probe-item has been a member of a preceding memory set. Response latency was
measured from the probe-item onset. Subjects were instructed to respond as quickly
and as accurately as possible. The experiment was performed on PC-586 computers.

The practice session consisted of 24 trids. The experimental session consisted
of six blocks, while each block consisted of 8 practice trials, and 48 experimental
trials. Each block had an identical structure of trials, since every subsequent block
was made from the previous one by increasing its digits value by one (new value =
old value+1). Subjects performed three blocksin arow, and after a 15 minutes break
continued with another three blocks. Each subject saw the same order of blocks.

Three factors were manipulated: a. type of response (yes/no), b. practice
expressed as the number of trial blocks (1-6), and c. serial position of the probe item
(1-6) for the positive responses.

Results

Mean response latencies as a function of practice, for both “yes’ and “no”
responses are presented in Figure 1. An analysis of variance on subject variability
showed no significant main effect of practice. The type of response was significant
F(1,20)=46.11, p<0.01; “yes’ responses were significantly faster. The type of
answer by practice interaction did not reach significance. The analysis for “yes’
responses indicated that the effect of practice for “yes’ responses was not
significant.
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Figure 1: Mean response latencies as a function of block of work (practice).
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Figure 2: Mean response latencies as a function of serial position of the
probe in the memory list, for “yes” responses.

The serial position effect for “yes’ responses, averaged across order of blocks
was significant: F(5,100)=26.46, p<0.01, indicating strong recency effect (Figure 2).
The practice by serial position interaction was also significant F(25,500)=2.14,
p<0.01. The serial position effect for each block was tested, and results are presented
in Table 1. Each block produced a significant serial position effect.
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Table 1: Partial ANOV A tests for serial position effect for blocks of work, d.f.(5,100).

Block No F value significance
1 3.17 p<0.05
2 9.06 p<0.01
3 18.85 p<0.01
4 10.15 p<0.01
5 8.54 p<0.01
6 6.09 p<0.01

The further analysis will take a more detailed look at the practice by serial
position interaction. The results of 5 partial interactions between each of two
subsequent trial blocks by serial position are presented in Table 2.

Table 2: Partial interaction for each two subsequent trial blocks by serial position, d.f.
(5,100), “ns” denotes nonsignificant interaction.

Trial Blocks significance
1-2 F=2.075, p=.075
2-3 F=3.83, p<0.01
3-4 F=2.3, p=0.05
4-5 ns
5-6 ns

Inspection of Table 2 shows that for the last three trial blocks, there is no
interaction between subsequent blocks and serial position. This suggests that from
the fourth block on the retrieval function reaches some processing optimum,
producing very small differencesin retrieval.

Regression analyses of serial position functions

Regression analyses between serial position and reaction time were performed
to determine the dynamics of retrieval change for each block. Quadratic and linear
relation between mean reaction times and serial position for each block are
presented in Table 3. Figure 3 depicts relation between reaction time and seria
position for each block.

Inspection of Figure 3 suggests a primacy effect in the first and the second
block, i.e. faster processing of the first items in the memory. The primacy effect is
reduced with the beginning of the third block. The recency effect, which is evident
in faster processing of the last presented items, appears in al blocks. Practice
increases the recency effect immediately after the first block, and after that the
recency effect maintainsits value until the last block.
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Additional insights about the dynamics of serial position change could be
deduced from the intercept and slope change in linear regression. In the following
analyses the first and the second block will be excluded, assuming that they are
heavily influenced by practice. Table 3 and Figure 3 indicate that intercept values
for functions 3, 4, 5 and 6 decrease with blocks. The significant proportion of
explained variability indicates that the intercept value linearly decreases with
practice, which can be calculated as follows. intercept = -21*block + 803,
F(1,2)=23.34, r2=0.92, p<0.05 This relationship accounts for 92% of intercept
variability. Although the slope value does not correlate with practice, inspection of
Table 3 suggests that there is a reduction of slope value due to practice from the
third block on.

Table 3 and Figure 3 indicate quadratic relationship between reaction time and
serial position for most blocks. Nevertheless, after the substantial reduction of
primacy (from the third block on), this relationship appears to become linear, with
quadratic and linear regression models giving similar predictions. Additional
analyses were performed on each block in order to test the difference between linear
and quadratic linear regression models (see Appendix 1). The analyses were
performed on blocks 4 and 6, which indicated a higher coefficient of determination
(r%) for the quadratic then for the linear regression model. The outcome showed
nonsignificant differences between linear and quadratic trends. block 4,
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F(1,3)=2.769, p=n.s.; block 6, F(1,3)=9.061, p=0.057. Thus, from the third block on,
the quadratic regression model did not give a substantially better predictionz.

Table 3: Regression analyses of quadratic and linear trends of mean reaction times as a
function of serial position, for each block. Data are averaged across all subjects. The
following regression parameters are presented: regression model (LIN - linear and,
QUA - quadratic regression), Rsq - proportion of explatned variance, d.f. - degrees of
freedom, F and p; C, A and B are parameters of regression equattons Linear regression
model: RT = A*sp + C, Quadratic regression model: RT = B *sp +A*sp + C (“sp”
denotes serial position value 1-6).

BLOCK | Mth | Rsq | d.f. F p c [ A B

1 LIN | 575 | 4 | 542 | .080 | 712 | -14

1 QUA | 852 | 3 | 863 | .057 | 651 | 32 | -6.58
2 LIN | 605] 4 | 612 | .069 | 731 | -25

2 QUA | 902 | 3 | 1388 | .030 | 620 | 59 | -11.9
3 LIN | 966 | 4 | 113.93 | .000 | 788 | -43

3 QUA | 967 | 3 | 4334 | .006 | 794 | -47 | 64
4 LIN | .875| 4 | 27.93 | .006 | 752 | -32

4 QUA | 935 | 3 | 2152 | .017 | 698 | 8 | -5.71
5 LIN | 921 | 4 | 46.33 | .002 | 748 | -35

5 QUA | 928 | 3 | 1927 | .019 | 728 | -20 | -2.10
6 LIN | .803 | 4 | 16.35 | .016 | 721 | -25

6 QUA | 951 | 3 | 2003 | .011 | 653 | 26 | -7.36

In conclusion, it can be suggested that serial position function turns from
quadratic into linear after the second block; while the intercept and the slope values
tend to decrease with practice (actually, slope value increases from negative toward
zero value).

Partial ANOVA for “yes” responses performed on the first and on
the second part of the memory list

The previous analyses showed significant serial position by practice
interactions (block 1 to 4, Table 2). Additional analyses may be required in order to
clarify these interactions. Since the greatest effect of practice was manifested in the
reduction primacy and increase of recency effects, two separate sets of analyses
ANOVA were performed: (a) on the first three serial position (primacy component),
and (b) on the second three serial positions (recency component). The contrast
between these two sets of tests may provide further insights into the dynamics of
seria position change.

2 In testing the difference between regression models, F ratio for the last block was of marginal
significance, which means that quadratic relationship is somewhat better then linear, and could be

excepted from previous suggestion.
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Partidl ANOVA performed on the first three positions did not indicate
significant effects of practice and serial position, while position by practice
interaction was significant: F(10,200)=2.357, p<0.05. Partial ANOVA performed on
the last three positions showed significant main effect of practice: F(5,100)=3.2,
p<0.05; mean reaction time monotonically decreases in non-linear fashion as a
function of practice. In addition, serial position was significant: F(2,40)=36.9,
p<0.01, indicating a strong recency effect, while serial position by practice
interaction did not reach significance.

The outcomes of the two tests are inversely related, suggesting a difference in
dynamics of primacy and recency components of reaction time. Main discrepancies
derive from differences in primacy and recency sensitivity due to practice. Practice
heavily affects the last three positions, producing monotonic decrease of reaction
time. In contrast, the effect of practice on the first three positions shows non-specific
change: the practice effect is non-monotonic, that is evident from the significant
interaction between the first three positions and practice. Thus, both primacy and
recency effects are sensitive to practice, although practice influences recency in
more straightforward manner.

Analyses of errors

An analysis of variance based on subject mean errors showed no significant
effect of practice. The type of response (“yes’ and “no) and type of response by
practice interaction did not reach significance.

Separate analyses for “yes’ responses indicated no significant effects of
practice, while serial position reached significance: F(5,100)= 13.1, p<0.01,
indicating a recency effect (table 4, column on the right). Serial position by practice
interaction was not significant, although it was of marginal significance F(25,500)=
1.42, p=0.08. Mean percent of errors as a function of the serial position for each
block of work is presented in Table 4 (bottom row).

Table 4: Mean percent of errors as a function of serial position for each block. Left and
bottom marginal tables show mean percent error as a function of serial position and
practice, respectively.

Serid Block | Block | Block | Block | Block | Block mean
position 1 2 3 4 5 6

1 10.71 | 952 | 10.71 | 13.10 | 1548 | 8.33 11.31
2 1429 | 11.91 | 13.10 | 21.43 | 15.48 | 10.71 14.48
3 20.24 | 16,67 | 7.14 | 952 | 952 | 4.76 11.31
4 595 | 714 | 833 | 357 | 238 | 2.38 4,96
5 952 | 476 | 833 | 238 | 476 | 4.76 5.75
6 000 | 119 | 119 | 0.00 | 1.19 1.19 0.79

mean 10.12 | 853 | 814 | 833 | 814 | 5.38
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Regression analysis on errors

In order to determine the dynamics of change of retrieval functions, regression
analyses on mean percent of errors as a function of serial was performed for each
block. Results from the regression analysis (quadratic and linear) are presented in
Table 5. The regression analyses are performed on the mean percent of errors as a
function of serial position for each block.

The regression anayses on errors (Table 5) parallel those performed on
reaction time. The relation between reaction time and serial position becomes linear
from the third block on. It is evident from Tables 4 and 5 that serial position
functions for the first and the second block show similar shape: error rates increase
up to the third position, afterward they sharply decrease, indicating primacy and
recency effects. A peak of percent of errors was produced at the middle serial
position. From the third to the sixth block seria position functions are linear, while
the peak of error percent shifted to the first position. (Table 4). Although practice
did not significantly reduce the overall error rate, the marginal interaction between
practice and serial position suggests that practice had reallocated the high error rate
from the middle of the list position to its beginning. At the same time, practice
transformed the non-linear serial position error curve to the linear one.

Table 5: Regression analyses of quadratic and linear trends of mean percent of errors
as a function of serial position, for each block. Data are averaged across all subjects.
Following regression parameters are presented: regression model (LIN - linear and,
QUA - quadratic regression), Rsq - proportion of explained variance, d.f. degrees of
fireedom, F, and p ; C, A and B are parameters of regression equations. Linear
regression model: Error% = A*sp + C, Quadratic regression model:
Error% = B*sp’ + A*sp + C (“sp” denotes serial position value 1-6).

BLOCK Mth Rsq d.f. F p C A B
1 LIN 401 4 2.68 A77 | 73 | -.09
1 QUA .680 3 3.18 181 | .23 .28 -.054
2 LIN .507 4 4.11 113 | 63 | -.08
2 QUA 779 3 5.29 104 | .24 21 -.042
3 LIN .656 4 7.61 051 | 57 | -07
3 QUA .739 3 4.24 134 | 41 .05 -.017
4 LIN 731 4 10.88 .03 | 8 | -.15
4 QUA .735 3 4.17 136 | .78 | -.09 | -.007
5 LIN .865 4 2560 | .007 | .77 | -13
5 QUA .879 3 10.91 042 | .87 | -.20 011
6 LIN .692 4 9.00 040 | 44 | -06
6 QUA .695 3 3.41 169 | .46 | -.08 .003

Averaged error serial position curve highly correlates with reaction time curve
(r(mean RT, mean error%) = 0.89, p<0.05). This suggests that errors accurately
reflect properties of memory processes, which are indicated in reaction time.
Therefore, they could be used as an additional confirmation of previous conclusions
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about the dynamics of memory properties drawn from the reaction time analyses.
Also, the relationship between reaction time and error rate suggests the absence of
the speed-accuracy trade-off.

Analyses of reaction time distributions

In the present experiment the two principal variables, serial position (1-6)
and practice (block 1-6) give a total of 36 response latencies distributions. These
distributions were fitted by the convolution of normal and exponential distributions
by the SIMPLEX method (Nelder & Mead, 1965). The goodness of fit of the
convolution analysis was determined by a Chi-square goodness of fit statistic. Out of
36 fits, only one fit was significant by the Chi-square test.

A cross-correlation of all convolution parameters was performed. Of the
three cross-correlated tests, only the correlation between p and ¢ was significant. A
linear regression model shows significant linear relationship between p and o
F(1,34) = 135.25, R°=0.80, p<0.01, for p = 1.21* ¢ + 347. This means that 80% of p
variability can be explained by variability of o. This finding will be discussed later.

Analysis of convolution parameters as a function of serial position,
pooled over practice

The obtained parameters p, o and t for each serial position, averaged across
subjects and block, are presented in Figures 4, 5, 6 respectively.

Regression analyses were performed in order to determine the relationships
between convolution parameters estimates and the serial position. Figures 4, 5, 6
show that all parameters’ values decrease with serial position.

Regression analyses reveded a quadratic relation between p and serial position
(Figure 4), df(3), F=(13,84), r’=0.90, p<0.05; the value of p is sharply decreasing
after the fourth position. The relationship between ¢ and the seria position could not
be captured neither with linear nor with quadratic function (Figure 5). The shape of
the o serial position function is similar to the one of p.

Mean parameters’ estimates u and ¢ pooled over blocks are highly correlated:
r(u, o)=.957, r2=.92, p<0.01. A slope parameter of linear regression between p and
o is 1.98, F(1,4) = 43.4; r°=0.92, p<0.01; for p = 1.98* o + 293, this suggests that
the magnitude of changein pistwice asbig asthat in c.

In contrast to p and o, the relationship between the value of t and the serial
position is linear (Figure 6). A linear regression showed that the value of the t
parameter linearly decreases with seria position, averaged over block: F(1,4)=44.01,
r’=0.92, p<0.01. The value of slope (21ms) indicates the rate of decrease of the tail
of the latency distribution as a function of serial position.

The value of 1, averaged over tria blocks, does not correlate either with the
value of p or with c.
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Figures 4, 5 & 6: Mean distribution parameter estimates (u, T and o) for “yes”
responses as a function of serial position. Regression analyses performed on mean
parameter estimates are presented at the top of each Figure.
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In convolution analyses both p and o reflect properties of the normal
distribution. In the present experiment revealed that they are closely related. This
suggests either their mutually dependency, or that they are affected by some
common process. Changing the value of one parameter produces linear change in
other parameter. When serial position of the probe produces decrease of mean vaue of
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normal distribution, deviation will decrease aswell, and vice-versa. In contrast to u and
o vaues, which decrease sharply as a function of the serial position, T parameter
decreases at constant rate. This suggests that serial position affects tail component
independently form the mean and the deviation components of normal distribution.

Analysis of convolution parameters as a function of practice, pooled
over the serial position

The obtained parameters p, T, and o for each block, averaged across subjects
and serial position, are presented in the Figure 7.

Non-linear regresson anayses were performed in order to determine the
relationship between convolution parameters estimates and practice. Goodness of fit of
the non-linear regression was determined by a Chi-square goodness of fit statitic.
Results of the non-linear regression analysis are presented in Figure 7. The same
polynomia function was used to fit both u and &, while inverse of that function was
used to fit T values (see top of the Figure 7). An estimate of regression parameters was
performed using both Simplex and quasi-Newton agorithms. Obtained estimation
parameters for both algorithms showed similar values of estimated parameters.

Regression analyses indicated that the first block produced the most dramatic
changes in al convolution parameters. Beginning with block two, convolution
values get stable and show moderate changes. After the first block, the mean and the
deviation of the normal distribution decrease, unlike the value of the tail parameter
which sharply increases.

As in previous analyses, which were pooled over seria positions, the present
analyses, pooled over blocks, demonstrate a positive correlation between
convolution parameters y and o: the linear regression shows a significant correlation
between y and o: F(1,4) = 79; r>=0.95, p<0.01; for p = 1.1* ¢ + 355. The slope
value of 1.1 suggests that both parameters change equally with practice.

MU=456.81+(-202.66)/b+(232.12)/b 2, r2=0.96, Chi=n.s.

TAU=1/((0.0052)+(-0.0044)/b+(0.0045)/b  2),r2=0.90, Chi=n.s.
SIGMA=80+(-122.486)/b+(160.6618)/b  2,r2=0.97, Chi=n.s.

530 \¥ MU
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. 330 AU
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230 o o o o
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Figure 7: Non-linear regression of convolution parameters y and v and o as a function of
practice. Regression functions are presented on the top, together with goodness of fit statistics
d.f. 5).
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The © parameter is fitted by the function inverse to the one used to fit u and
o (see Figure 7). A linear regression between p and t shows significant correlation:
F(1,4)=32.8; r*=0.89, p<0.01; for p = -1.2 7 + 711. The negative slope value of -1.2
indicates an inverse relationship between u and t; decreasein p is accompanied with
an increase in T and vice-versa; the increase of 1 ms of t value is followed by the
decrease of 1.2 msin pu value.

Inspection of Figure 7 indicates that the main source of variability of
convolution parameters comes from the first block. If the first block mean value
diverges from others, it may spuriously induce a high correlation. Thus, the obtained
high correlation between p and T could be brought into a question. In order to test
whether there is a practice effect, an additional analysis was performed with the first
block being excluded. A linear regression shows significant correlation between p
and t: F(1,3)=19.4, r*=0.87, p<0.05; for p = -0.65* 7 + 571. So, even with the first
block being excluded, linear regression indicated a significant correlation, with the
slope value being -0.65. Contrasted with the analysis performed with the first block,
the relation between p and t has the same negative trend, i.e. they are inversely
related. The outcome of this analysis suggests that practice significantly influences
convolution parameters u and t, even with the first block being excluded.

Conclusions on convolution analysis

The convolution analysis performed on reaction time distributions
demonstrated that practice and seria position significantly influence values of
estimated convolution parameters.

In the present experiment, using al fitted samples of latency distribution (36),
a high correlation between p and o was found. The linear regression between p and
o accounted for 80% of variability. This outcome suggests either their mutual
dependence or some common underlying mechanism. One msincrease in ¢ valuesis
paraleled by 1.2. msincrease in p values. If a similar finding is obtained in other
recognition paradigms it may challenge the three parameters convolution model.

Serial position affects all convolution parameters values in the same
direction: increase of the serial position value is paralleled by a decrease of each
convolution parameter value, but with different rates of change. u and o show
quadratic seria position functions, with a plateau at the beginning of the list, and
substantial decrease for the last two serial positions, thus demonstrating strong
recency effect. The recency effect is aso indicated in the t serial position function,
with significant linear decrease due to seria position. This suggests that the
observed shape of the latency distribution is influenced by seria position in two
distinct ways: after a relatively stable stage for the first memorized positions, the
mean value and deviation of the normal distribution sharply decrease for the last
position, while the latency distribution is steadily decreased in itstail value. Thus, as
the memory representation gets older, or is shifted by incoming new items, the shape
of itslatency distribution will move toward normality, with minimal tail stretch.

The present study showed differences in the effects of practice and seria
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position on convolution parameters. while p and t are negatively correlated, both
demonstrated convergence toward a constant value. At the beginning of the
experimental session, the shape of the reaction time distribution is more likely to be
of a high mean value, accompanied by reaction time widely spread around the mean,
with a short positive tail. After the first block, practice reduces the mean value of
normal distribution and its deviation, while the positive tail value gets increased.
Thus, the effect of practice is one of the factors responsible for positive skewing of
the latency distribution. In other words, practice shifts the latency distribution away
from normality. This is somewhat surprising, for it might be expected that the long
positive tail is a product of unpracticed processing. Our results, on the other hand,
suggest that it is a product of some relevant memory mechanism, which is
influenced by practice. By ascribing the observed changes of shape distribution to
some memory mechanism, this finding supports the standard convolution approach
of analysisin latency distribution.

GENERAL DISCUSSION

The aim of the this study is to present further evidence concerning the
relationship between practice and serial position, in order to obtain more data on the
underlying processes. The relationship of interest is termed the dynamics of serial
position change. The question posed is what cognitive structures (processes) are
influenced by serial position and practice. To address this issue, the present study
investigated mean latency, errors, and Ex-Gaussian convolution using the probe-
recognition task in the fast experimental procedure.

The analyses of reaction times showed that the serial position effect was
significant, with both recency and primacy effects being observed. While the
primacy effect was detected within the first two blocks, recency was observed in al
blocks, but in the first block to a lesser degree. Non-linearity of serial position
curves derives from the first two blocks, while in the last four blocks the seria
position function is most likely to be linear.

The same pattern of results was observed in the error analyses as well: from
the third block on, the serial position function is linear. A primacy component was
observed within the first two blocks, indicated by a dlight increase of accuracy.
From the third block on the primacy effect disappeared.

The primacy effect was reported in several studies (Corballis et al., 1972;
Morin et a., 1967; Burrows & Okada, 1971; Ratcliff, 1978; Monsell, 1978; McElree
& Dosher, 1989). It was assumed that primacy was associated with more extensive
rehearsal of the first memorized items (Corballis et a., 1972). In my opinion thereis
no unequivoca evidence to support this assumption. In the fast procedure items
from the set are briefly presented, so subjects are not in a position to make partial
rehearsals.

It has been debated which mechanisms underlie changes in performance due to
practice. Critics took issue with the Schnider and Shiffrin (1977) model of
automatization. The aternative approach put emphasis on a strategy shift, rather
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then shifting from capacity-demanding to capacity-free mode of processing (Cheng,
1985; Ryan 1983; Logan & Stadler, 1991). In the present work the observed
dynamics of primacy/recency change indicated a rather different mechanism. One of
the important findings is the inverse effect of primacy and recency due to practice:
when recency increased, primacy decreased. Therefore, a common mechanism may
be assumed: at the beginning of the session the first memorized items can get more
attention, and therefore be better encoded and stored, and consequently - faster
retrieved. On the other hand, the last presented items receive less attention and are
therefore retrieved slower. After enough practice retrieval seems to enhance the
recency strategy, i.e. the emphasis is now put on the last presented items, while at
the same time accessibility of the first few items is reduced. As a consegquence, the
overall processing is preserved at a relatively stable level, i.e. main effects of
practice for mean reaction time and mean errors are insignificant. This suggests the
existence of a conservation principle: the reduction of the primacy effect is
pardleled by the increase of the recency effect, while on average, short-term
memory keeps processing efforts at relatively constant level. The tenability of this
hypothesis must be submitted to further tests. A less plausible hypothesis of the
observed dynamics assumes that this effect could be accounted by postulating a
change in the way of scanning (serial vs. paralel). Rather, a strategy shift is
suggested and the present work demonstrates that it is located at the initial part of
the experiment.

After the decrease of the primacy effect (from the third block on), linear
regression has been successfully performed on the last four serial position functions.
Analyses of slope and intercept values obtained on serial position functions for each
block suggest a decrease of the serial position effect: while values of intercept
decrease with practice, the slope values decrease toward zero. Theoretically, it could
be assumed that after enough practice the serial position effect would disappear: the
slope value would reach zero, and the intercept value would converge to some
constant value. This could only partially be supported by results of the present study.
To obtain sufficient evidence, more practice blocks of trials are needed.

Additional evidence for the dynamics of serial position change is obtained
from Ex-Gaussian convolution analysis. The rate of change of normal and
exponential parameters (u and t), by serial position and practice, is of the utmost
interest for the present study.

Obtained values of u and t as a function of serial position mainly replicated
those of Hockley (1984) and Ratcliff (1978).

Different effects of serial position and practice on convolution parameters were
demonstrated. It could be assumed that serial position differently affects the rate of
change for both parameters, although the direction and the range of change
(approximately 100ms) do not differ substantially. As a function of serial position
latency distribution is moving toward minima mean reaction time, with the smallest
positive tail stretch. On the other hand, practice affects u and t in such a way that
the correlation between them is negative. The effect of practice is primarily located
in the first experimental sessions; the latter sessions exhibit reduced effect of
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practice ranging within 50 ms.

The present work demonstrates that serial position and practice affect different
levels of processing. This assumption is derived from the analysis of convolution
parameters: practice produces negative correlation between u and t, while seria
position similarly affects the two, i.e. both are reduced as a function of position in
the list. In other words, it could be suggested that practice affects processing by
means of other processes than those affected by the seria position. Thisisin accord
with the previous analysis, which suggested that the practice effect was produced by
means of a strategy shift at initial trials (first two blocks), rather than by the change
of the manner of memory scanning.

In contrast to the reaction time analysis, which suggests that longer practice
tends to produce linear serial position functions (Table 3), the convolution analysis
reveals non-linear changes of the p parameter of the latency distribution. Averaged
over blocks, serial position functions for both p and o parameters reveal sharp
decrease for the fifth and the sixth seria position. Linearity of serial position
functions on mean reaction time is put into question when contrasted to convolution
analysis which showed non-linear change of u and o. In other words, although
linearity of mean reaction time functions is induced by practice, it is actualy
concealed with convolution of linear T and non-linear p distributions parameters.
Influenced by serial position, convolution of the two distribution components
produce alinear-like serial position function for mean reaction times.

The more pronounced recency effect of u and o indicates a special status of the
memory representation of the last two presented items. A similar finding was
demonstrated by McElree and Dosher (1989) and Wickelgren, Corbet and Dosher
(1980).

The present findings offer additional evidence against the standard serial
hypothesis of equality of short-term memorized items status, thus being inconsi stent
with serial-exhaustive models with constant scanning rate (Sternberg, 1969). Hybrid
models which postulate serial and direct-parallel search can account for seria
position functions, but not for factors such as the effect of recent negative probes
(Atkinson, Herrman, Westcourt, 1974; Monsell, 1978; McElree & Dosher, 1989).
Therefore, they are of limited explanatory power. In contrast to recency based
strength models that account for these results by means of a single retrieval
mechanism, hybrid models appear to be less parsimonious.

Ratcliff’s random-walk model of memory retrieval (1978) can easily account
for the serial position effect by specifying the relatedness value for each seria
position. As Ratcliff (1978) suggested, this relation could be described by the
continuous function, which is partly indicated in present work by regression
analyses of p and 1. However, the hypothesis that the very last seria positions have
special status is also tenable, which is evident in change of u as a function of serial
position. In that case, the relationship between relatedness and serial position could
not be describe by the continuous function.

An extensive study on the influence of temporal factors (duration of item
exposure, and pre-probe delay) on convolution parameters is needed.
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Another candidate for explanation of these findings is the conveyor-belt model
which assumes backward self-terminating search (Murdock & Anderson, 1975;
Murdock, Hockley & Muter, 1977). This model predicts a negative linear function
between mean reaction time and serial position, that is observed from the third
practice block on. Furthermore, in present study the value of t constantly decreases
as a function of serial position. This can also be predicted by backward serial
processing if high variability of comparison time is assumed (Hockley, 1984).
Unfortunately this model is incapable of coping with the obtained non-linear
relationship between u, ¢ and serial position.

The effect of practice was introduced in the present study in order to obtain a
more detailed picture of short-term memory processing. Practice should not be
ignored in studies of this kind, because many investigations use a large number of
trials, thus allowing for easy analysis of practice effects.
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APPENDIX 1

Significance of difference between regression trends (quadratic and linear)
were calculated using following formulafor F ratio (Kerlinger & Pedhazur, 1973):

N-k1-1

where Rixz ,R? are determination coefficients of quadratic and linear

regression respectively; k1 and k2 are degrees of freedom of quadratic and linear
regression respectively (2,1), and N is a number of subjects or observations (6).
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