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ABSTRACT

Bradley, Chelsea M. Retrieval Induced Forgetting in Mental Arithmetic, MASTER OF
SCIENCE (Applied Psychology), August, 2018, 52 pp., 8 tables, 13 figures,
bibliography, 24 titles.

Retrieval induced forgetting (RIF) is a memory phenomenon in which the
retrieval of one piece of information leads to the forgetting of similar information. RIF
has been studied frequently in word recall and, more recently, mental arithmetic. Many
experiments in this realm have found evidence for an inhibition mechanism’s role in RIF
— competition between responses requires the incorrect response to be repressed in favor
of the correct response, leading to forgetting of the repressed response. In the present
study, we investigated whether the retrieval practice of multiplication problems leads to
forgetting of their addition counterparts. Response times were recorded as participants
practiced simple addition problems (i.e. 2 + 3 = ?) and then either studied (2 x 3= 6) or
retrieved (2 x 3 = ?) their multiplication counterparts. The participants then practiced the
addition problems again, and response times for this posttest were compared to those of
the pretest to identify whether RIF occurred. While we found substantial problem size
effects, we found no evidence of RIF for simple arithmetic problems for either mean RT
or median RT. Further, we used ex-Gaussian modeling of the response time distributions
to infer potential shifts in strategy (i.e., from direct memory retrieval to a counting
procedure), but this analysis also revealed no evidence for RIF. Analysis methods and

possible explanations for the lack of effect are discussed.
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CHAPTER1
INTRODUCTION
Retrieval Induced Forgetting

There are instances where recall of some items can cause forgetting of similar items, an
event called retrieval-induced forgetting (Anderson et al., 1994). The purpose of the present
study is to investigate this phenomenon in the context of mental arithmetic. Retrieval-induced
forgetting (RIF) in word recall has been observed in multiple studies, perhaps most notably in the
research of Anderson, Bjork, and Bjork (1994). In their study, Anderson et al. developed what is
now considered a standard practice/retrieval paradigm for identifying RIF in word recall.

When RIF occurs, the act of retrieving stored information inhibits the participant’s ability
to recall similar information afterward. Anderson et al. (1994) postulated that this forgetting was
a result of weakening of potential retrieval cues. When one item is strengthened through recall,
the semantically related words are weakened by that strengthening. The researchers referred to
this as a strength-dependent competition model of interference, with three assumptions: (1) items
that share the same cue will compete for recollection when the cue is presented (the competition
assumption); (2) an increase in the strength of its competitor will jeopardize an item’s recall (the
strength-dependence assumption); and (3) retrieval of an item is a form of learning, because it
improves later recall of an item — the retrieval-based learning assumption (Anderson et al.,
1994).

To induce RIF in the laboratory, Anderson et al. (1994) constructed a paradigm that
would foster competition between items by associating them with a specific cue. In the first
phase of the experiment (the practice phase), participants studied word pairs that included a

category and exemplar (e.g., fruit-orange, fruit-banana, insects-roach, insects-hornet, metal-



copper, metal-silver). In the second phase (retrieval practice), participants were presented with a
cue (described below) to recall a specific item. In this phase, pairs fell into one of three
categories:
*RP+ pairs: pairs whose category were studied and practiced. These items were cued with
the presentation of the category and the first two letters of the intended exemplar (fruit-

or ).

*NRP pairs: pairs whose category and exemplar were studied, but not practiced at all

during the retrieval practice phase.

*RP- pairs: pairs whose category and exemplar were studied, but whose exemplars were

not practiced in the second phase. For example, participants were cued to recall orange

but not banana, although both shared the fruit category association.
Following retrieval practice, participants were given a 20 minute distractor task before being
surprised with a final test phase in which they were asked to recall all of the pairs. As expected,
RP+ pairs were recalled best, as they had been both studied and strengthened through practice.
The NRP pairs were recalled less accurately. These pairs had been studied, but their exemplars
were not strengthened through retrieval practice of any kind. Lowest recall, however, came in the
RP- category. These pairs had been practiced in category, but not in exemplar. Participants
could, therefore, remember fruit-orange but forgot fruit-banana. This lower recall of RP-
compared to NRP (which were, again, items that had not been practiced at all) was evidence of
the retrieval-induced forgetting effect (Anderson et al., 1994).

The implications of RIF carry over into multiple areas, including recall of personality
traits (Macrae & MacLeod, 1999), inhibiting reliance on stereotypes (Dunn & Spellman, 2003),

facial recognition (Schooler & Engstler-Schooler, 1990), and episodic memory for objects and



experiences (Ciranni & Shimamura, 1999; Anderson, 2003). First-language attrition, or
forgetting of native-language words following extended immersion in a second, foreign
language, has also been linked to the inhibition mechanism thought to be associated with
retrieval-induced forgetting (Levy, McVeigh, Marful, & Anderson, 2007). The generalizability
of the retrieval induced forgetting effect, therefore, makes clear that further research into the
mechanisms that underlie RIF is pertinent.

An Inhibition Mechanism

A number of studies have attempted to find a reliable predictor for when RIF will occur,
and to identify a cognitive mechanism responsible for the effect. It is reasonable to assume,
based on the current body of research, that practice strength is an insufficient explanation — if
RP+ items were remembered more accurately simply because they had been practiced more, then
there should be no difference in recall between NRP and RP- pairs. Anderson, Bjork, and Bjork
(2000) proposed a recall-specific inhibition mechanism in which the competition between items
is necessary to induce RIF.

In a study following the same paradigm as their 1994 study, Anderson et al. (2000) again
had participants study, practice, and then take a final recall test over category-exemplar pairs.
This time, however, the practice phase was manipulated so that one group experienced
competition and one did not. In the competitive group, participants received category-partial
exemplar pairings like normal. In contrast, the noncompetitive group received exemplars and
were asked to generate the correct category. Because all exemplars practiced were associated
with the same specific categorical cue, there was no competition between exemplars. Anderson
et al. (2000) found RIF in the competitive group, but not in the noncompetitive group. The

results indicate that during recall, when multiple items competed for association with a specific



category cue, an inhibitory mechanism weakens the incorrect items in favor of recalling the
correct item, resulting in forgetting of the inhibited item (Anderson et al., 2000).

Anderson et al. (1994) also identified an effect of exemplar strength on RIF. Taxonomic
frequency was higher for some exemplars than others — for example, banana is more commonly
associated with the category fruit than, say, guava. RP- exemplars with high taxonomic
frequency were more susceptible to RIF than exemplars with low taxonomic frequency.
Anderson et al. (1994) suggested that high-frequency exemplars present greater competition
during retrieval, and so require inhibition; in comparison, low-frequency exemplars do not
compete as hard for retrieval and therefore do not require inhibition, in line with the strength-
dependence assumption of RIF.

Johnson and Anderson (2004) demonstrated further evidence for an inhibition mechanism
by inducing RIF using new, independent cues (for example, seasonings-salt would be studied
during the study phase, but the retrieval practice phase would cue the exemplar using popcorn-s
instead). Additionally, participants generated the exemplars for the initial categories themselves
so that the task would involve semantic retrieval rather than episodic retrieval. The independent
cues were still able to produce RIF, implying that the generation of semantic knowledge impairs
retrieval of similar concepts even without the initial cue for the target word, and that semantic
forgetting can be at least partially credited to an inhibition mechanism that suppresses related
information in favor of the target memory (Johnson & Anderson, 2004).

Alternatives to the Competition Assumption

The inhibition account of RIF carries with it the broader implication that forgetting itself

may be closely linked to the act of recall (Story & Levy, 2012). However, further research

suggests that this may not be the single most reliable predictor of RIF, and that competition may



not be an explicit requirement for the effect to occur. In fact, a growing number of studies have
demonstrated just the opposite — many researchers have manipulated the standard RIF paradigm
to successfully exhibit the phenomenon in the absence of competition between responses.

Jonker and MacLeod (2012) were able to demonstrate RIF without competition using a
generation task in which participants first studied category-exemplar pairs, then produced
subordinates based off presented exemplars in lieu of the standard retrieval practice phase. For
example, if the participant studied per-dog during phase one, they might see dog during phase
two and be asked to generate a subordinate in the form of a specific breed of dog, such as husky;
following generation, they were instructed to report the original category associated with dog,
thereby strengthening the association between exemplar and category without inducing
competition. In this manipulation, participants were retrieving information related to only half
the studied exemplars, but were not directly retrieving a particular exemplar. According to
inhibition theory, this should not have produced RIF because there was no competition between
exemplars of the same category. However, the experiment was successful in demonstrating RIF
consistently despite the lack of competition (Jonker & MacLeod, 2012).

One of multiple theories opposing the competition assumption is the strength-based
interference account (Raaijmakers & Jakab, 2012), which hypothesizes that retrieval practice
strengthens the target exemplar’s association with the given category, so much so that the final
test results in interference from the RP+ (strengthened) exemplar and the inability to recall the
RP- (non-strengthened) exemplar. Raaijmakers and Jakab (2012) argued that the results of
experiments supporting the inhibition account are also compatible with the strength-based
interference account, and demonstrated RIF without competition by instructing participants to

recall the associated category rather than a targeted exemplar. Subjects could more easily recall



the category of strengthened RP+ exemplars than non-strengthened RP- exemplars, despite the
task not inducing competition between them.

Another alternative is the context shift account (Jonker, Seli, & MacLeod, 2013), which
also proposes that competition is not a requirement for RIF to occur. Jonker, Seli, and MacLeod
(2013) hypothesized that the change in task between study and retrieval practice creates two
internal contexts (study and practice), either of which may be triggered by the final test phase,
and that RIF will occur even in the absence of competition assuming two conditions are met: (1)
a context shift must occur between the initial study phase and the subsequent retrieval practice
phase, and (2) the target exemplars must benefit from sharing a context with the retrieval practice
phase in a way that RP- items do not. According to this account, RIF occurs because of two
factors: NRP items reinstate the study context and experience a memorial benefit during testing,
and RP+ items reinstate the practice context and experience a similar benefit. The only items that
do not experience this benefit are RP-, causing lower recall. Similar to the strength-based
interference account, this context-shift account also does not require competition to produce RIF
(Jonker et al., 2013). Additionally, in a later study when Jonker et al. (2015) guided participants
into reinstating the original study context during the final test phase, the RIF effect disappeared
despite the target exemplars still having benefited from additional practice during the retrieval
practice phase.

Camp and Sander (2016) demonstrated RIF by designing a generation task that did not
require competition. In lieu of the standard retrieval practice phase, participants were given the
category and full target exemplar with the first two letters of the exemplar transposed (fruit-
roange, for example). In this manipulation, the presentation of the full, transposed target

exemplar still required practice and, thus, activation of the exemplar in working memory, but did



not induce competition from related responses because the given exemplar was mostly intact.
Despite this lack of competition, the results of the study still produced RIF (Camp & Sander,
2016).

Clearly, the inhibition explanation of RIF cannot account for every instance in which the
effect occurs, as multiple studies have successfully replicated the RIF effect without inducing
competition between exemplars. However, studies in favor of the inhibition account have
demonstrated that it is a consistently reliable predictor of RIF (Anderson et al., 2000; Johnson &
Anderson, 2004; Storm & Levy, 2012). Overall, it seems reasonable to assume RIF may not be
limited to a specific mechanism, but rather a range of potential mechanisms that are capable of
producing the effect.

RIF in Mental Arithmetic

Nearly all of the experiments mentioned above were performed using word recall as the
primary indicator of RIF. More recently, research has shown that this effect generalizes to the
realm of numerical cognition, specifically in mental arithmetic. Difficulty in retrieving
multiplication facts among children had previously been theorized to be related to an overload of
associations for each number, with Norem and Knight (1930) proposing the issue initially.
Further investigation of this hypothesis and its relationship with retrieval-induced forgetting has
taken place more recently in an attempt to identify the underlying cognitive processes associated
with these numerical associations.

Several studies have been conducted in recent years to further explore whether RIF of
mental arithmetic follows the same principles as word RIF. In 2009, Campbell and Phenix found
support for an inhibition mechanism and an effect of target strength in this type of RIF using

multiplication retrieval practice. Participants studied simple addition problems (e.g. 2 +3 = ?)



and then either studied or retrieved the answers to their multiplication counterparts (2 x 3 = 6 or
2 x 3 =7, for example). Participants were then tested on the addition counterparts again. Similar
to the analysis of word RIF, arithmetic RIF is indicated by increased errors and slower response
times on addition problems following the retrieval practice of their multiplication counterparts
(Campbell & Phenix, 2009).

Phenix and Campbell (2004) utilized a true or false verification task with multiplication
facts to demonstrate whether the presence of RIF would provide support in opposition to a
contrasting theory, the integrated structures model of simple multiplication (Manly & Spoehr,
1999). The integrated structures model argues that retrieving a multiplication fact should
strengthen memory for the operands of that fact (for example, 3 x 2 = ? should strengthen
memory for facts using 6, 9, 12, etc. and 4, 6, 8, etc.) whereas RIF’s inhibition account would
assume that related facts should be suppressed. Participants practiced multiplication facts before
being tested on related facts using operands of the original set, and as predicted by RIF, the
related facts were resolved less accurately because the operands had been suppressed during
retrieval practice (Phenix & Campbell, 2004).

Critical to the present study are the results of Campbell and Thompson (2012), who
demonstrated RIF of simple addition facts using their multiplication counterparts. Participants
either studied or practiced multiplication facts that corresponded to practiced addition problems.
The study supported the inhibitory account of RIF, with participants only experiencing RIF in
the practice group, not the study group. Similar to the results from studies of word pair RIF,
these results indicated that increased practice strength was not a reliable explanation; participants

in both groups performed well on the multiplication facts they practiced, and neither group



presented more improvement on MU (unpracticed) addition problems in comparison to MP
(practiced) problems.

The Campbell and Thompson study (2012) also demonstrated an important concept for
arithmetic RIF — interference dependence, which was first proposed by Anderson (2003). This
principle predicts that a) RIF occurs only when there is retrieval competition (so studying a
multiplication fact without retrieval does not trigger inhibition of competitors), and b) the
strength of the target addition problem and competing multiplication problem will influence the
strength of the RIF effect; that is, a stronger competitor will attract more direct inhibition and
produce a stronger RIF effect. In line with this prediction, Campbell and Thompson’s results
indicated that small addition problems (whose sums were less than 10) produced stronger RIF
than large addition problems, possibly because their higher memory strength required greater
action from the inhibition mechanism (Phenix & Campbell, 2004). In contrast, large addition
problems did not produce RIF because their weaker memory associations did not require
inhibition during retrieval of their multiplication counterparts (Campbell & Thompson, 2012).
The Present Study

The present study had two aims. First, the study sought to replicate the results of
Campbell and Thompson (2012), who demonstrated that practice of multiplication facts (2 x 5 =
) affects subsequent performance of addition counterparts (2 + 5 =). Second, response time
modeling (Luce, 1986; Faulkenberry, 2017) was used to analyze characteristics of the RT
distributions that are potentially indicative of strategy shifts (e.g. Campbell & Penner-Wilger,
2006), which was not part of the original 2012 study. This study is the first known attempt to use

response time modeling on an RIF experiment in mental arithmetic.



CHAPTER II.
METHOD

Participants

Fifty undergraduate psychology students participated for extra credit in their respective
psychology courses at a mid-sized public university in Texas. The recruitment description
invited students to participate in a study of simple mental arithmetic. The sample group included
13 men and 37 women between the ages of 18 and 26. Participants were assigned to a condition
by groups of 10, and participation took approximately 20 minutes.
Materials

Experimental stimuli were presented on a 20 iMac computer running Superlab 5.0. A
wearable microphone headset worn by the participant was connected to a Cedrus SV-1 voice key
device, which recorded vocal onset latency in milliseconds. The investigator input participant’s
responses after each arithmetic problem using a standard computer keypad and a small key-
response box on screen. Prior to participation, individuals were given the option of completing a
short demographic survey, administered on paper and completed using a pen.
Procedure

Participants were given a consent form and demographic survey to complete upon entering
the lab. They were seated in front of the computer screen and fitted with the headset so that the
microphone was positioned to capture their responses. They were then informed that they would
be completing a study of simple mental arithmetic, and given instructions on how to give their
responses.

Phase 1: Addition pretest. In Phase 1, participants were presented with one block of 36

addition problems, ranging from 2 + 2 to 9 + 9, which consisted of two types of problems: MP

10



(problems whose multiplication counterparts would be practiced during Phase 2) and MU
(problems whose multiplication counterparts would not be practiced during Phase 2). On each
trial, participants were presented with the full equation (2 + 2 = ?) and asked to answer aloud
quickly, without sacrificing accuracy. Response time was recorded in milliseconds using the
microphone headset and voice key. The addition pretest results provided a baseline analysis to
ensure there were no significant differences between initial performance on MP and MU
problems.

Each trial began with the presentation of a central fixation dot for 1000 milliseconds. A
randomly presented equation then appeared so that the addition sign was in the spot of fixation.
Timing began with the onset of the equation and continued until the participant’s verbal response
triggered the voice key timer. When the response was detected, the equation disappeared from
the screen and the investigator input the participant’s response via keyboard, after which the
fixation dot appeared to signal the next trial. After completion of the addition block, the
participant moved on to Phase 2.

The set of 36 addition problems was divided into two sets, designed by Campbell and
Thompson (2012) to include non-overlapping operand pairs (2, 5, 7, 8 and 3, 4, 6, 9) and was
balanced so that each digit occurred in four problems per set. Both sets included an equal number
of tie problems (e.g. 2+2) and non-tie problems (e.g. 2+3), as well as equal number of odd-plus-
odd, even-plus-even, and odd-plus-even operand pairs (e.g. 3+5, 2+6, and 2+5). Set I included
the problems 2+2, 2+5, 3+4, 2+6, 3+5, 4+4, 3+6, 2+9, 4+7, 349, 4+8, 5+7, 5+8, 6+7, 6+8, 7+7,
8+9, and 9+9. Set 2 included the problems 2+3, 2+4, 3+3, 2+7, 4+5, 2+8, 3+7, 4+6, 5+5, 348,

5+6, 6+6, 4+9, 5+9, 6+9, 7+8, 7+9, and 8+8.
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Phase 2: Multiplication practice. In this phase, participants were presented with six
blocks of multiplication problems, each of which contained the same operands as either Set 1 or
Set 2 of the addition problems presented in Phase 1. Half the participants received Set 1 and half
received Set 2. These multiplication counterparts were designed by replacing the addition (+)
sign with the multiplication (x) sign. The set practiced by the participant (Set 1 or 2) was
designated as MP (multiplication practiced) and the set not practiced was designated as MU
(multiplication unpracticed).

Participants were again presented with a fixation dot for 1000 milliseconds to signal the
start of a new trial. Timing began with the onset of the equation and continued until the
participant’s verbal response triggered the voice key timer. When the response was detected, the
equation was removed from the screen and the investigator input the participant’s response, after
which the fixation dot appeared to signal the next trial.

This phase contained a critical between-subjects manipulation. Half of the participants
were assigned to a retrieval-study group, in which they were presented with multiplication
equations, including the correct answer (2 x 5 = 10), and instructed to silently read the equation
before stating the answer out loud. The remaining participants were assigned to a retrieval-
practice group, in which they were presented with multiplication problems that did not include
the correct answer (2 x 5 = ?) and instructed to state the correct answer aloud. The differentiation
between retrieval-study and retrieval-practice was designed to help confirm whether the RIF, if
found, supported the inhibition account, as it did for Campbell and Thompson (2012).

Phase 3: Addition and multiplication posttest. In the final phase, participants were
presented with a block of all 36 addition problems (including both MP and MU problems) and

asked to answer aloud quickly, without sacrificing accuracy. As before, response time was

12



recorded using the microphone headset and voice key. Following completion of the addition
block, participants were presented with a block of all 36 multiplication problems and given the
same instructions. Finally, participants were presented with a final block of the 36 addition
problems, and response times were again recorded using the microphone. The purpose of the
middle multiplication block was to eliminate RIF effects in the final addition block by moving

all problems to the “MP” category.

13



CHAPTER 111
RESULTS

Participants completed 12,600 experimental trials. A total of 1,004 pretest, practice
phase, or posttest RTs (7.97%) were excluded from analysis due to experimenter, software, or
participant error and marked as mistrials. Of the remaining 11,596 trials, we filtered 5,400
multiplication practice or study trials from Phase 2 as our analysis was over the blocks of
problems before and after practice. Finally, we discarded a total of 205 outlier trials using the
following procedure: for each block’s set of response times (e.g. “Phase 1 addition pretest
block™) we computed the mean and standard deviation of response times for correct responses
and discarded trials that were a) less than 200 ms or b) greater than the mean plus 3 standard
deviations. This left 6,565 trials for analysis between pretest/posttest addition, posttest
multiplication, and the final addition block. For the purposes of this study, problems with a sum
< 10 were categorized as small and problems with a sum >10 were categorized as large.

To facilitate the comparison of the present study’s results to those of Campbell and
Thompson (2012), we analyzed both mean and median RTs using ANOVA. However, we noted
that density plots of the response times for each block revealed a positively skewed distribution
(see Figure 1). To better account for this skew, we fit each data set to an ex-Gaussian distribution
(Campbell and Penner-Wilger, 2006; Balota & Yap, 2011; Luce, 1986). This approach allowed
us to test how the distributions of RTs behaved under our experimental manipulations, rather
than collapsing each participant’s distribution to a single mean or median RT. Further, the use of
the ex-Gaussian model allowed us to observe indirectly whether participants relied most often on

memory retrieval or some mental procedure to answer problems. This procedure was in lieu of

14



relying on self-report data of procedure following each trial as the original study (Campbell &

Thompson, 2012) did.

0.00075-

0.00050-

density

0.00025-

D.0o0o0-

0 1000 2000 3000 4000
ReactionTime

Figure 1. Response time density for the Phase 1 addition pretest. Density plots for all
analyzed blocks had a similar positive skew.

In an ex-Gaussian model, response time distributions are decomposed into three
components — u, which corresponds to the mean of the assumed “normal” component of the
distribution of response times, o, the standard deviation of the normal component, and t, which
corresponds to the exponential “tail” of the distribution made up of slower response times
(Campbell and Penner-Wilger, 2006). u, the mean of the normal component, increases or
decreases based on uniform shifts in RTs whereas 1, the mean of the exponential component,
changes when the skew changes (i.e., problem size effects and shifts in strategy). Therefore, by

comparing p and t values for each block, we can capture shifts in strategy between blocks. If

participants predominantly use memory retrieval strategies (reflected in a higher p value) for MP

problems during the addition pretest block but shift to predominantly using procedural strategies

(reflected in an increased 1 value) during the addition posttest block, for example, this could be

considered evidence of RIF that may not be reflected just by comparing the overall mean RTs of
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the two blocks. This type of analysis for response time modeling has been used in other studies
(Luce, 1986; Faulkenberry, 2017) to better analyze response time distributions, which tend to be
positively skewed (Balota & Yap, 2011).
Mean Response Times

For each block, mean RTs were analyzed using a Group (retrieval vs study) X Set (MP
addition vs MU addition) X Size (small vs large) mixed factorial ANOVA. The Phase 1 addition
pretest block was analyzed to ensure there were no differences in performance based on group or
problem sets. Mean and median RTs for this phase can be found in Table 1. There was no main
effect of group or set on mean or median reaction time, all p > 0.2, so study and retrieval
participants responded with similar speed on all pretest addition problems. There was a standard
problem size effect, F(1, 48) = 128.34, p <0.001. Large problems took longer to solve than small
across all participants, which was expected. Otherwise, there was no statistical difference

between the groups (see Figure 2).

Table 1
Mean and Median Correct RT for Addition Pretest
Problem Size Mean RT (ms) Median RT (ms)
MU Addition  MP Addition = MU Addition = MP Addition
Retrieval
Group
Small 1182 1214 1080 1050
Large 1721 1704 1512 1511
Study Group
Small 1178 1120 1001 1015
Large 1588 1579 1312 1324
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Figure 2. Mean RTs as a factor of group, set, and size for Phase 1 addition pretest.

For the Phase 3 addition posttest there was a problem size effect F(1, 47) = 152.05, p <
0.001. There was also a significant group x size interaction, F(1, 47) =4.77, p = 0.034 (see
Figure 3). The problem size effect was larger for the retrieval group (551ms on MP and 501ms
on MU) than for the study group (308ms on MP and 411ms on MU). Means and medians for this

block can be found in Table 2.

Table 2

Mean and Median Correct RT for Addition Posttest
Problem Size Mean RT (ms) Median RT (ms)

MU Addition MP Addition MU Addition MP Addition

Retrieval Group

Small 1237 1231 1113 1081

Large 1738 1782 1590 1628
Study Group

Small 1119 1194 1018 1048

Large 1530 1502 1249 1256
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Figure 3. Mean RTs as a factor of group, set, and size for Phase 3 addition posttest. As a
reminder, MP addition were problems whose multiplication counterparts were practiced or
studied during Phase 2.

For the final addition block of Phase 3, there was a problem size effect, (1, 47) =
107.38, p < 0.001, but no other significant interactions, all p > 0.2 (see Figure 4). Means and

medians for the final addition block can be found in Table 3.

Table 3

Mean and Median Correct RT for Final Addition Block

Problem Size Mean RT (ms) Median RT (ms)

MU Addition MP Addition MU Addition MP Addition

Retrieval Group

Small 1238 1304 1066 1143

Large 1728 1720 1520 1545
Study Group

Small 1168 1169 1080 1064

Large 1533 1583 1315 1354
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Figure 4. Mean RTs as a factor of group (retrieval vs study), set (MP vs MU), and size, for
the final addition block.

For the Phase 3 multiplication block, there was a problem size effect, F(1,47)=79.94, p
<0.001. Additionally, there was a main effect of set, F(1,47) =21.07, p <0.001, a Set x Size
interaction, F(1,47) =8.72, p = 0.004, and a Group x Set x Size interaction, F(1,47)=5.39,p =
0.024 (see Figure 5). These interactions, while not specifically meaningful in terms of our overall
hypothesis, do reveal a greater problem size effect on MU problems, particularly for the retrieval
group, that can most likely be attributed to practice effects. Mean and median RTs of this block

can be found in Table 4.

Table 4

Mean and Median Correct RT for Final Multiplication Block
Problem Size Mean RT (ms) Median RT (ms)

MU Addition MP Addition MU Addition MP Addition

Retrieval Group

Small 1587 1410 1353 1192

Large 2315 1801 1832 1432
Study Group

Small 1448 1344 1186 1175

Large 1988 1789 1545 1273
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Figure 5. Mean RTs as a factor of group, set, and size for Phase 3 multiplication block.

Median Response Times

For each block, median RTs were analyzed using a Group (retrieval vs study) X Set (MP
addition vs MU addition) X Size (small vs large) mixed factorial ANOVA. In the Phase 1
addition pretest, there was a problem size effect, F(1, 48) = 89.83, p <0.001, but no other

significant effects, all p > 0.2 (see Figure 6).

Large Small

1500
— 1400 .
2 1300 : =6t
D 1200 - bE
E | -+ MU

1100 ke

10001 | M —.

retrieval study retrieval study
group

Figure 6. Median RTs as a factor of group, set, and size for Phase 1 addition pretest.
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For the Phase 3 addition posttest, there was a main effect of group, F(1,47)=4.78, p =
0.033. Across all conditions, median RTs for the retrieval group were slower than those of the
study group (see Figure 7). There was also a problem size effect, F(1, 47) =96.93, p<0.001,
and a Group x size interaction, F(1, 47) =7.73, p = 0.008. The problem size effect was larger for

the retrieval group (547ms on MP and 477ms on MU) than for the study group (208ms on MP

and 228ms on MU).
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Figure 7. Median RTs as a factor of group, set, and size for Phase 3 addition posttest. As a
reminder, MP addition were problems whose multiplication counterparts were practiced or
studied during Phase 2.

In the Phase 3 final addition block, there was a problem size effect, F(1,47) =78.34,p <

0.001. There were no other significant effects, all p > 0.3 (see Figure 8).
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Figure 8. Median RTs as a factor of group, set, and size for Phase 3 final addition block.

For the Phase 3 multiplication block, there was a main effect of set, F(1,47)=31.50,p <
0.001, and of problem size, F(1, 47) = 57.55, p<0.001. There was also a Set x Size interaction,

F(1,47)=16.63, p <0.001 (see Figure 9).
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Figure 9. Median RTs as a factor of group, set, and size for Phase 3 multiplication block.

Ex-Gaussian Modeling
Response times for each block were fit to an ex-Gaussian model. Specifically, for each

participant’s distribution of response times in each experimental condition, we used maximum
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likelihood estimation (Myung, 2011) to compute an estimate for p and . These values of p and
T were then submitted to the same mixed-factorial ANOVAs as were the mean and median RTs.
The advantage of this approach is that it allows us to potentially infer strategy shifts between
phases. These strategy shifts, if present, would indicate RIF effects where participants were able
to retrieve answers for MP addition from memory during the pretest but following multiplication
practice in Phase 2, moved to a procedural strategy such as counting to solve MP addition
problems in the posttest. The ex-Gaussian model compares values for p (where RTs fall on a
normal curve) in which participants were retrieving from memory, and t (where RTs fall on an
exponential curve) in which participants were using procedural strategy (Campbell & Penner-
Wilger, 2006).

For the Phase 1 addition pretest, the p ANOVA revealed a problem size effect, F(1, 48) =
24.19, p <0.001, and a Group x Set x Size interaction, F(1, 48) =4.67, p = 0.04; the problem
size effect differed somewhat between study and retrieval and between MP and MU addition
problems (see Figure 10). The t analysis indicated a problem size effect, F(1, 48) = 14.61, p <
0.001, but no other significant values. Values of p and 1 for the addition pretest can be found in

Table 5.

Table 5

u and t of Correct RT for Addition Pretest

Problem Size 1 (ms) T (ms)

MU Addition MP Addition MU Addition MP Addition

Retrieval Group

Small 749 739 465 442

Large 848 840 873 864
Study Group

Small 690 711 487 409

Large 789 799 799 780
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Figure 10. n and t of correct RTs as a factor of group, set, and size for addition pretest.

For the Phase 3 addition posttest, the p ANOVA showed a main effect of group, F(1, 47)
=5.85, p=0.02, and a problem size effect, F(1,47)=54.51, p <0.001.
There was also a Group x Size interaction, F(1, 47) = 6.50, p = 0.014; in general, response times
were slower and the problem size effect was larger for the retrieval group. The t analysis showed
only a problem size effect, F(1,47)=6.70, p = 0.013 (see Figure 11). Values of p and 7 for this

block can be found in Table 6.
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Table 6

u and t of Correct RT for Addition Posttest

Problem Size 1 (ms) T (ms)
MU Addition MP Addition MU Addition MP Addition
Retrieval Group
Small 710 726 527 505
Large 947 945 790 837
Study Group
Small 687 688 433 506
Large 712 688 819 814
Large Small
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_ e,
400 . . ; .
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Figure 11. 1 and 7 of correct RTs as a factor of group, set, and size for addition posttest.
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The p and Tt ANOVAs for the Phase 3 final addition block both showed a problem size
effect — F(1,47) =28.51, p <0.001 for p and F(1, 47) = 8.30, p = 0.006 for 1 (see Figure 12).
There were no other significant results for this block. Values of p and 7 for this block can be

found in Table 7.

Table 7

u and t of Correct RT for Final Addition Block

Problem Size 1 (ms) T (ms)

MU Addition MP Addition MU Addition MP Addition

Retrieval Group

Small 689 734 549 570

Large 765 867 963 853
Study Group

Small 724 719 443 450

Large 764 725 769 859
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Figure 12. n and t values as a function of group. set, and size for final addition block.

Finally, the p ANOVA for the Phase 3 multiplication block showed a main effect of set,
F(1,47)=20.98, p <0.001, and of size, F(1,47) =24.16, p <0.001. There was also a Set x Size
interaction, F(1,47)=12.71, p <0.001; the problem size effect was larger for MP problems than
MU problems. The t ANOVA showed a problem size effect, F(1, 47) = 14.39, p <0.001 (see

Figure 13). Values of p and t for this block can be found in Table 8.
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Table 8

u and 1 of Correct RT for Final Multiplication Block

Problem Size i (ms) T (ms)
Retrieval Group MU Addition MP Addition MU Addition MP Addition
Small 692 724 895 687
Large 948 767 1366 1034
Study Group
Small 762 756 685 589
Large 830 732 1157 1058
Large Small
950 .
900 t
5 850 R =6
E 800+ Yy
750 - Ty S
?00 1 T T ‘Il T
retrieval study retrieval study
group
Large Small
1400 e
1200 ~ st e
set
= 1000 - o ¢ -~ MP
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600 ] T T I.-\—\\—\k_?
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group

Figure 13. p and t values for final multiplication block.
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CHAPTER 1V
DISCUSSION

There were two goals of this study. The first was to replicate the results of Campbell and
Thompson (2012), whose participants experienced RIF of simple addition problems following
retrieval practice of their multiplication counterparts. The second was to implement response
time modeling to potentially identify evidence of RIF in strategy shifts. Our initial hypothesis
predicted that, upon analysis of the addition posttest block of Phase 3, we would find evidence of
retrieval-induced forgetting in small problems for the retrieval group only. This was based on
Campbell and Thompson’s (2012) results, as well as the assumption that RIF in mental
arithmetic should only occur when retrieval competition is present (i.e. when the problem must
be answered, not simply studied, Anderson, 2003) and the notion that small problems have
higher memory strength than large problems, which are more likely to be solved using a
procedural method like mental counting, and should therefore require greater inhibition (Phenix
& Campbell, 2004). Using multiple methods of analysis designed to find evidence of RIF, we
assessed whether our results supported this hypothesis.
RIF Evidence in Means and Medians

The crucial problems for evidence of retrieval-induced forgetting were the small MP
addition problems in the Phase 3 addition posttest (block 1). Theoretically, we should have found
stronger evidence of RIF in this block and weaker evidence of RIF in the final addition block of
Phase 3, with RIF effects having been “cleared” by the practicing of all 36 multiplication
problems between blocks. Campbell and Thompson (2012) found a Group X Set effect on small
problem median RTs and a -94ms RIF effect in the first block; in the final block, they found no

Group X Set interaction and only a -25ms RIF effect. In contrast, our study showed no RIF
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effects based on mean or median RTs for small MP problems in the retrieval group, and there
were no significant interactions or main effects suggesting the presence of RIF in this block. In
the final addition block, there was a mean RT difference of -66ms and a median RT difference of
-77ms on small MP problems for the retrieval group, suggesting greater evidence of RIF in the
final addition block than in the addition posttest, though the results were still not significant.
Overall, we found no evidence of RIF in our analysis of mean and median response times.
Ex-Gaussian Analysis

We wondered whether RIF could be present but obscured by our collapsing of the data to
standard measures of central tendency (e.g., mean and median RT). The original study utilized
self-report following each question to determine what arithmetic strategy participants utilized to
solve each problem. When participants switched from a memory retrieval strategy to an alternate
strategy (for example, counting), this was considered evidence of the presence of RIF (Campbell
& Thompson, 2012). In our study, we used a different approach, instead applying an ex-Gaussian
model to detect strategy shifts (Campbell & Penner-Wilger, 2006). The purpose of the change in
analysis technique from the self-report approach used in Campbell & Thompson (2012) was to
identify strategy shifts of which the participants may not be aware. Asking individuals to report
their strategy after every single problem could become tedious or result in attrition of a
participants’ self-report accuracy. Using this method, the amount of time required for each trial
was reduced and we were still able to collect data on strategy shifts that could indicate RIF.

As mentioned earlier, the ex-Gaussian model decomposes the distribution of response
times into both a “normal” distribution (the p component of the curve) that indicates memory
retrieval, and an exponential curve (the T component) where increased RT indicates use of a

procedure (Campbell & Penner-Wilger, 2006); when participants were using memory more than
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procedure to answer problems, i would be greater than t, and vice versa if procedure was used
more than memory. Therefore, by comparing p and t of the addition pretest to the addition
posttest, we would be able to identify whether or not practicing multiplication counterparts
caused participants to shift strategies in the addition posttest, using a procedural method like
counting to solve a problem they had just been able to answer from memory during the addition
pretest.

The presence of a problem size effect in the t ANOVA for all four blocks told us there
were high levels of procedure use for large problems regardless of set (MP vs MU) or group, in
line with the theory that memory strength for large arithmetic is weaker than that of small
arithmetic (Phenix & Campbell, 2004). Therefore, it was unsurprising that we did not find RIF
on large problems. However, we were interested in whether we would see a strategy shift on
small MP problems for the retrieval group because, again, the study group did not have to
retrieve answers during multiplication practice in Phase 2 and the retrieval group only retrieved
answers for the MP set. However, as the results above indicate, we did not see a strategy shift
from memory to procedure on either block of addition from Phase 3, and in fact, both retrieval
and study participants relied on memory retrieval for small MP problems more often than
procedural strategies in all of the blocks analyzed. This suggests that practicing multiplication
counterparts for problems they had answered from memory during the pretest did not affect
participants’ memory retrieval in the posttest, and significant evidence of RIF was not present.
Evaluation of the Hypothesis

We expected to find support for our hypothesis that participants would experience RIF of
simple, small addition problems after practicing their multiplication counterparts. Much of the

research on RIF in mental arithmetic has found evidence of the phenomenon in this area, the
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majority of available literature points to the reliability of the effect, and the study we replicated
found robust evidence (Campbell & Thompson, 2012). However, our study provided no
evidence for RIF. There are a few of possible explanations for the lack of significant results, the
simplest of which is that our participants were not retrieving from memory to begin with. The
ex-Gaussian analysis allows us to observe shifts in procedure, but does not guarantee that
participants were ever primarily using memory to begin with. If indeed they were not, there
would be no retrieval to interfere with and therefore no retrieval-induced forgetting.

Another possibility is that the six blocks of MP problems did not strengthen them enough
to induce significant inhibition during the posttest addition block. One of the assumptions of RIF
is that the effect is dependent on the MP (or RP+ for word recall) items being significantly
strengthened through retrieval practice. Campbell and Phenix (2009) were able to produce RIF
after presenting participants with 40 blocks of multiplication; our replication of Campbell and
Thompson (2012), however, only called for six blocks. It is possible the retrieval practice was
not sufficient to induce competition between responses.

Campbell and Thompson (2012) found that the problem size effect was eliminated in the
addition posttest, and suggested two explanations for this: that RIF slowed small MP problem
RTs so greatly that they became even with large problem RTs, and that multiplication practice of
large MP problems primed the answer to their addition counterparts and actually helped
participants answer them faster. In contrast, we found significant problem size effects for every
block. This suggests that perhaps, rather than slowing small MP and “speeding up” large MP, the
multiplication practice strengthened the addition answers for both sets of problems at a similar
rate, leading to a lack of RIF but still producing a problem size effect. Again, this explanation

relates to the strength dependence assumption of RIF.
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CHAPTER V
CONCLUSION

Despite the lack of significant results, we believe retrieval-induced forgetting warrants
further study in the realm of mental arithmetic. The reliability of the RIF effect in dozens of
other studies suggests that our results do not contradict its validity but, rather, suggest that
greater strengthening of target items is required to produce the effect. The present experiment
should encourage future study of the varying situations in which RIF could be found.

As addressed above, we believe our results may have been significant if we had
strengthened the multiplication items sufficiently enough to trigger stronger inhibition of the MP
problems. Future studies could increase the number of blocks until a sufficient amount of
practice is achieved. Further, the self-report of strategy (Campbell & Thompson, 2012) that we
chose not to use in favor of the ex-Gaussian response time modeling (Campbell & Penner-
Wilger, 2006) may have given us a more concrete picture of when participants used memory
retrieval and when they relied on procedures. If a replication of this study were to combine the
two methods, it would potentially capture both conscious and unconscious strategy use in
participant responses and help determine whether shifts in strategy occurred.

Study of this area is still young, but the study of memory and procedure in mental math is
not. The field of RIF is rich with possibilities to explore whether multiple associations of
numbers interfere with each other to the point that a person’s ability to retrieve facts from

memory is inhibited, a fundamental theoretical question in the field of mental arithmetic.
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Provided below is a portion of the R script developed for data analysis.

library (tidyverse)
library(stringr)
library (moments)

# code for ex-Gaussian modeling
# first, define fit functions
# fit and extract mu

muEG = function (dat) {
# step 1 -- define ex-Gaussian density function
dexg <- function(x, mu, sigma, tau) {
return((1/tau) *exp ((sigma”2/ (2*tau”2)) -
(x-mu) /tau) *pnorm ( (x-mu) /sigma-
(sigma/tau)))

}

# step 2 -- define negative log-likelihood function
nll.exg <- function(data,par) {
return (-sum(log (dexg (data,
mu=par[1],
sigma=par[2],
tau=par[3]))))

}

# step 3 -- define initial EG parameters (from Lacouture &
Cousineau, 2008, TQMP)
EGinit <- function(x) {
tau = 0.8*sd(x)
mu = mean(x) - skewness (x)
sig = sqgrt (var(x)-tau”2)
return(c(mu, sig, tau))

}

# Step 4: find parameters (mu, sigma, tau) that minimize NLL
fit <- optim(EGinit (dat), fn=nll.exg, data = dat)

# step 5: extract mu
return(fitspar[1])

39



HHHAAHHAFHAAHARHHAFHASH

# fit and extract tau

tauEG = function (dat) {
# step 1 -- define ex-Gaussian density function
dexg <- function(x, mu, sigma, tau) {
return((1/tau) *exp ((sigma”2/ (2*tau”2)) -
(x-mu) /tau) *pnorm ( (x-mu) /sigma-
(sigma/tau)))

}

# step 2 -- define negative log-likelihood function
nll.exg <- function (data,par) {
return (-sum(log (dexg (data,
mu=par[1],
sigma=par([2],
tau=par[3]))))

}

# step 3 -- define initial EG parameters (from Lacouture &
Cousineau, 2008, TQMP)
EGinit <- function(x) {
tau = 0.8*sd(x)
mu = mean(x) - skewness (x)
sig = sqrt (var(x)-tau”2)
return(c(mu, sig, tau))

}

# Step 4: find parameters (mu, sigma, tau) that minimize NLL
fit <- optim(EGinit(dat), fn=nll.exg, data = dat)

# step 5: extract tau
return(fitspar[3])

HHUHH SRS S EEHHHHHH SR/
# data preparation
# step 1 -- load and reshape data from silly SuperLab format
into a useable form
setwd ("C:/Users/Batgirl/Desktop/chelseaData/chelseaData/")
filelLlist = dir("data", full.name=TRUE)
all = data.frame()
for (file in fileList) {
d head = read tsv(file, skip=3, n max=1)
d = read tsv(file, skip=5)

40



# a bit of wizardry to collapse two-row variable names into
single name

colnames (d) = str c(colnames (d _head) %>%
str replace(' [:digit:]1*','"'),
colnames (d) %>%
str replace(' [:digit:]*','")
)
colnames (d) [12] = "pressedOrReleased" # this fixes duplicate

variable names

all = rbind(all,d)

}

# step 2 - cleaning and further reshaping
rawdata = all %>%

filter (ErrorCode != "E") %>% # get rid of SuperLab's coded
mistrials

filter(!str detect (EventName, 'Instruction')) %>% # throw out
"Instruction" trials

mutate (answer=1lead (InputString)) %>% # map experimenter-
entered answer onto same line as voice-key event

filter(str detect (ParticipantResponse, 'SV-1')) %>% # isolate
only voice-key events

filter(!str detect (TrialName, 'Study')) %>% # throw out "Study"
trials

mutate (operandl = as.numeric(str_sub(EventName, start=-6,
end=-6) ),

operand2 = as.numeric (str_ sub (EventName, start=-2,

end=-2))) %>% # extract operands

mutate (correctAnswer = ifelse(SessionOperation=="Addition",
operandl+operand2, operandl*operand2)) %>% # calculate
correct answer

mutate (error = ifelse (as.numeric (answer)==correctAnswer,0,1))

# look at errors by operation (note: NA's represent mistrials
and experimenter keyboard errors)
table (rawdataSerror, rawdata$SessionOperation, useNA="ifany")
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# model 1 - addition pretest

# restrict to BlockName = Phase 1

# for other models, restrict different BlockName

data = rawdata %>%

filter (str detect (BlockName, 'Phase 1')) %>

mutate (group =
ifelse(str detect (ParticipantGroup, 'Retrieval'),
"retrieval", "study")) %>%

mutate (size = “ParticipantProblem Size™) %>%

filter (ReactionTime > 200 & ReactionTime < mean (ReactionTime)
+ 3*sd(ReactionTime)) # removes 3SD outliers

o\°

# density plot for RTs

data %>%
ggplot (aes (x=ReactionTime)) +
geom _density ()

set = numeric(dim(data) [1])
for (i in 1:length(set)) {
if (str detect (datas$ParticipantGroup[i], 'Set 1') &
data$BlockSet [i]l=="'Set 1'){
set[1i] <- "MP"
}
else 1f (str detect (datas$ParticipantGroupl[i], 'Set 2') &
data$BlockSet [i]=="'Set 2'){
set[1] <- "MP"
}
else{
set[1] <- "MU"

}
}

dataSset=set

# now do the ANOVA
# model 1 - addition pretest

# Mean RT ANOVA
anoval = data %>%
filter (error==0) %>%
group by (ParticipantName, group, set, size) %>%
summarize (mMRT = mean (ReactionTime))
modell.aov=aov (mRT ~ group*set*size +
Error (ParticipantName/ (set*size)), data=anoval)
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summary (modell.aov)
# construct table and plot of means

data %>%

filter (error==0) %>%
group by (group, set, size) %>%
summarize (mMRT = mean (ReactionTime), sd = sd(ReactionTime))

data %>%
filter (error==0) %>%
group by (group, set, size) %>%

summarize (mRT = mean (ReactionTime)) %>%
ggplot (aes (x=group, y=mRT, group=set)) +
geom_line (aes(linetype=set)) +

geom point (aes (shape=set), size=2) +

facet grid(~size) +
theme classic(18)

# Median RT ANOVA

o\°
o\°

anoval = data
filter (error==0) %>%
group by (ParticipantName, group, set, size) %>%
summarize (medRT = median (ReactionTime))

>

modell.aov=aov (medRT ~ group*set*size +
Error (ParticipantName/ (set*size)), data=anoval)
summary (modell.aov)

# median table/plot

data %>%

filter (error==0) %>%
group by (group, set, size) %>%
summarize (medRT = median (ReactionTime), sd = sd(ReactionTime))

data %>%
filter (error==0) %>%
group by (group, set, size) %>%
summarize (medRT = median (ReactionTime)) %>
ggplot (aes (x=group, y=medRT, group=set)) +
geom_line (aes(linetype=set)) +
geom point (aes (shape=set), size=2) +
facet grid(~size) +
theme classic(18)

[
5
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# fit mu for each experimental condition and participant

o\°
o\°

anovalmu = data
filter (error==0
group by (ParticipantName, group, set, size) %>%
summarize (mu = muEG (ReactionTime))

>
)

o9
5>%

data %>%

filter (error==0) %>%
group by (group, set, size) %>%
summarize (mu = muEG (ReactionTime), sd = sd(ReactionTime))

# analyze values of mu in ANOVA model
modellmu.aov=aov(mu ~ group*set*size +

Error (ParticipantName/ (set*size)), data=anovalmu)
summary (modellmu.aov)

# plot values of mu
data %>%

filter (error==0) %>%

group by (group, set, size) %>%
summarize (mu = muEG (ReactionTime)) %>%
ggplot (aes (x=group, y=mu, group=set)) +
geom line (aes(linetype=set)) +
geom_point (aes (shape=set), size=2) +

facet grid(~size) +
theme classic(18)

# fit tau for each experimental condition and participant

o\°
o\°

anovaltau = data %>
filter (error==0) %>%
group by (ParticipantName, group, set, size) %>%

summarize (tau = tauEG (ReactionTime))

data %>%
filter (error==0) %>%
group by (group, set, size) %>%
summarize (tau = tauEG(ReactionTime), sd = sd(ReactionTime))

# analyze values of mu in ANOVA model
modelltau.aov=aov(tau ~ group*set*size +

Error (ParticipantName/ (set*size)), data=anovaltau)
summary (modelltau.aov)
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# plot values of tau

data %>%

filter (error==0) %>%

group by (group, set, size) %>%

summarize (tau = taukG (ReactionTime)) %>%
ggplot (aes (x=group, y=tau, group=set)) +
geom line (aes(linetype=set)) +
geom_point (aes (shape=set), size=2) +

facet grid(~size) +
theme classic(18)

45







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


