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Abstract

The emotional content of words can affect both true and false memory performance. One hypothesis
suggests that the effects of emotion on memory stem from the semantic cohesion of these words.
Emotional words are better remembered because they are more inter-related than neutral words
(semantic cohesion hypothesis). Although support for this assumption has been found in tasks that
measure true memory, less is known about how the structure of lexical knowledge affects emotional
false memories. This is partially due to the scarcity of norms that capture the pre-existing knowledge
structure of verbal materials commonly used to investigate emotional false memories, such as the
Deese/Roediger-McDermott word lists. In this study, we present inter-item association norms for
the 44 lists of the Brazilian version of the DRM paradigm. Free-association responses were collected
from a sample of 1,042 undergraduates and were used to estimate the level of connectivity among
the words present in the DRM lists. Connectivity measures were then used to test the semantic cohe-
sion hypothesis. No significant correlations were found between the emotional measures (valence
and arousal) and the connectivity measures. The results do not give support to the semantic cohe-
sion hypothesis and suggest that, for the Brazilian version of DRM lists, inter-item association and
emotionality can be independently manipulated.
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Resumo

O contetido emocional das palavras pode afetar tanto a produgao de memdrias falsas quanto de me-
morias verdadeiras. Uma possivel explicacdo para esse efeito das emogdes na memoria esté ligada
a coesdo semantica das palavras. Palavras com contetido emocional s3o mais bem lembradas que
palavras neutras porque elas estdo mais inter-relacionadas semanticamente entre si (hipotese da co-
esdo semantica). Embora suporte para esta hipdtese tenha sido encontrado em tarefas que mediram
memorias verdadeiras, ainda pouco se sabe sobre como a estrutura do conhecimento 1éxico afeta a
producdo de falsas memorias emocionais. Isto se deve a relativa escassez de normas que capturem a
estrutura do conhecimento pré-existente nos materiais verbais comumente usados no estudo das falsas
memorias emocionais, como ¢ o caso das listas de palavras emocionais Deese/Roediger-McDermott
(DRM). Neste estudo, apresentamos as normas de associac¢do entre palavras para 44 listas da versdo
brasileira do paradigma DRM. Respostas de associagao livre foram coletadas de uma amostra de 1.042
alunos de graduagao e foram usadas para estimar o nivel de conectividade entre as palavras presentes
nas listas DRM. Essas medidas de conectividade foram entdo usadas para testar a hipotese da coesao
semantica. Nao foram encontradas correlagdes significativas entre as medidas de conectividade e
medidas de emocionalidade (valéncia e alerta). Os resultados ndo suportam a hipdtese de coesdo
semantica e sugerem que, para a versao brasileira das listas DRM, a emocionalidade das palavras
e seu nivel de associagdo intra-lista sdo variaveis que podem ser manipuladas independentemente.
Palavras-chave: Listas DRM, associagao livre, associagdo entre pares de palavras, falsas memorias,
emocao.
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Pre-existing knowledge plays an important role in
memory. Information organized through years of lear-
ning can influence the ability to encode and retrieve new
information (Nelson & Zhang, 2000; Nelson, Zhang, &
McKinney, 2001; Schacter, Norman, & Koutstaal, 1998).
For example, when people memorize a sequence of related
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words (e.g., door, pane, curtain, house), they use their
world knowledge to cue recall. They may remember hav-
ing seen household items in the list and correctly recall the
word house. However, that same world knowledge may
induce them to error. Participants often claim to have seen
window, a word related to the studied items but absent from
the original list (Deese, 1959b; Gallo, 2010; Roediger &
McDermott, 1995).

Lists of associatively related words have been exten-
sively used to investigate the structure of pre-existing
knowledge (Cramer, 1968; Nelson, McEvoy, & Dennis,
2000; Nelson, McEvoy, & Schreiber, 2004). They have
also been used to assess how previous knowledge can
affect memory in laboratory tasks (Gallo, 2006). In fact,
association norms can predict both true and false memo-
ries. Retrieval of a studied word (true memory) is more
likely if the word is cued by a strong pre-experimental
associate (i.e., a new word strongly related to the studied
word) than if the word is cued by a weak associate (Deese,
1959b; Nelson & McEvoy, 1979). Likewise, retrieval of
a new word (false memory) is more likely if it is strongly
associated to the studied words than if it is weakly associ-
ated to the studied words (Gallo, 2006; McEvoy, Nelson,
& Komatsu, 1999).

A particular set of association norms, the Deese/
Roediger-McDermott (DRM) lists (Deese, 1959b; Stadler,
Roediger, & McDermot, 1999), proved popular among
memory researchers (Gallo, 2010). This is partly due to
the lists’ reliability in generating false memories in the
laboratory (Stadler et al., 1999). DRM lists were created by
presenting participants with theme words (critical words)
and asking them to produce the first semantically related
word that came to mind. The most frequent responses
were then grouped into lists. The words in a DRM list
are thus all associated to the critical word. In the DRM
paradigm, the associates of the critical word, but not the
critical word itself, are presented during a study phase.
The phenomenon of false memories is demonstrated at
test, when participants wrongly recall or recognize the
critical word. Pre-experimental knowledge plays a role
in the DRM paradigm as the probability of producing a
false memory is strongly related to the associative strength
between the study item and the critical word (Roediger,
Watson, McDermot, & Gallo, 2001).

The DRM paradigm has also been used to study the
role of emotion on the production of false memories (e.g.,
Brainerd, Stein, Silveira, Rohenkohl, & Reyna, 2008;
Budson et al., 2006). The emotional contents of words can
be assessed by asking participants to rate them in terms
of valence (how pleasant the word is) and arousal (how
exciting the word is). Valence and arousal are dimensions
commonly used to quantify emotionality (Kensinger,
2004; Russell, 1980). Valence and arousal ratings can be
incorporated into DRM lists, giving rise to emotional DRM
lists. Research with emotional DRM lists has shown that
negative lists elicit both more true and false memories than
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neutral lists (Brainerd, Holliday, Reyna, Yang, & Toglia,
2010; Brainerd et al., 2008; El Sharkawy, Groth, Vetter,
Beraldi, & Fast, 2008).

One account suggests that negative words elicit more
true and false memories because they are more inter-related
than neutral words, as they share both categorical (e.g.,
“torture”, “pain”) and thematic membership (e.g., “gun”,
“corpse”’; Maratos, Allan, & Rugg, 2000; McNeely, Dy-
wan, & Segalowitz, 2004). Because unstudied negative
words are more related to their studied counterparts than
neutral words, they are more likely to be mistaken for a
related studied word (in a recognition test) or generated
by associates (in a recall test). True memories, on the
other hand, stand to benefit from semantic relatedness:
Emotional words are better remembered than neutral
words because they are more organized, in the same way
that categorized words are better remembered than random
words (Talmi & Moscovitch, 2004).

Support for this semantic cohesion hypothesis comes
from experiments that manipulated conceptual similarity.
In these studies, participants rated the level of association
among words; semantic relatedness scores were then com-
puted based on these ratings. When semantic relatedness
was controlled, neutral words were recalled as well as
negative words, suggesting that semantic similarity, not
valence, drives the effect of emotion on true memories
(Buchanan, Etzel, Adolphs, & Tranel, 2006; Talmi &
Moscovitch, 2004).

It is less clear, however, whether semantic cohesion can
also account for emotional false memories. Low levels of
false memory in free-recall studies prevented a thorough
assessment of this issue (Buchanan et al., 2006; Talmi &
Moscovitch, 2004). In addition, conflicting results in recog-
nition memory studies, which either supported (Maratos
et al., 2000; Windmann & Kutas, 2001) or refuted the
cohesion hypothesis (McNeely et al., 2004), indicate that
this is still an open question. In particular, a recent study
reported more false recall and false recognition for negative
DRM lists than for neutral lists, despite a stringent control
of semantic cohesion, suggesting that emotional valence
can affect false memories over and above any effect of se-
mantic cohesion (Dehon, Laroi, & Van der Linden, 2010).

The resolution of the debate concerning the specific
roles of semantic cohesion and emotionality on memory
performance may require the use of norms that capture the
pre-existing knowledge structure of materials commonly
used to investigate emotional false memories, such as emo-
tional DRM lists. Norms are particularly important in this
case because the assumption that negative words are more
inter-related than neutral or positive words has not yet been
established. In fact, a recent study has shown that, contrary
to the common assumption, positive words may be more
inter-related than negative words in semantic similarity
tasks (Unkelbach, Fiedler, Bayer, Stegmuller, & Danner,
2008). If positive words are indeed more inter-related than
negative words, then one would expect to find more false
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memories for positive lures than for negative lures, a result
not borne out by current data (Brainerd et al., 2008). To
reconcile these seemingly contradictory results, it is thus
important to determine the relative degrees of inter-item
association for negative and positive DRM lists relative
to neutral DRM lists.

Norms are also important for the semantic cohesion de-
bate because they can help define more precisely the nature
of the relationship between pre-existing knowledge and
memory performance. Different norms — free-association
probabilities, similarity ratings, and co-occurrence statis-
tics — are sensitive to different kinds of lexical relations
(Maki & Buchanan, 2008; Nelson, Dyrdal, & Goodmon,
2005). Free-association probabilities, for example, are
better predictors of cued recall than similarity ratings,
probably due to the closer match between the association
measure and the memory task (Nelson et al., 2005). Thus
the type of norms used to select the stimuli (free association
vs. ratings) and the type of memory task (recall vs. recogni-
tion) are relevant to test the semantic cohesion hypothesis.

Most studies that investigated the cohesion hypothesis,
however, relied only on similarity ratings to measure se-
mantic relatedness (e.g., Buchanan et al., 2006; McNeely
et al., 2004; Talmi & Moscovitch, 2004). Moreover, the
similarity ratings in those studies were obtained from small
groups of participants in pilot tests (N < 20), not from
standard norms, and were restricted to negative words,
leaving undetermined the role of relatedness on memory
for positive words.

The aim of this study is to present norms of inter-item
association for the Brazilian version of the DRM paradigm
(Stein, Feix, & Rohenkohl, 2006). The Brazilian DRM in-
cludes negative, positive and neutral lists (Santos, Silveira,
Gomes, & Stein, 2009) and has been successfully used in
memory studies (Brainerd et al., 2008; Grassi-Oliveira,
Gomes, & Stein, 2011). We collected free-association
responses to 660 words and used them to estimate both
the number of intra-list associates for each DRM list (set
size) and the strength of these inter-item associations (con-
nectivity). We estimated free-association probabilities,
rather than similarity ratings, because DRM lists have
been constructed based on the former measure (Stadler et
al., 1999; Stein et al., 2006). Inter-item association norms
were then used to investigate the relationship between
semantic cohesion and emotionality.

To provide converging evidence for the validity of the
measures reported in this study, we also assessed whether
inter-item connectivity correlates with recall performance.
Previous research has shown that strongly connected lists
are associated with more true recall and less false recall
than weakly connected lists (Deese, 1959a; McEvoy et
al., 1999, Experiment 2). If the measures presented here
are good estimates of inter-item associations, then we
would expect a similar pattern when comparing connec-
tivity measures with recall performance from a previous
study that has used the same stimuli normed here (Stein
et al., 20006).

Method

Participants

A total of 1,042 native Portuguese speakers (350 male,
692 female) participated in this study. Participants were
college students from universities in the states of Rio
Grande do Sul and Parana (southern Brazil) aged between
16 and 52 years (M = 21.6, SD = 5.3). Most participants
(80%) were aged between 18 and 26 years old. Only 2%
were over 40 and 8% were under 18. Thus, the association
norms reported here were based mainly on data from young
adults. Participants within each university were sampled
from 30 courses, including students from Humanities,
Exact Sciences and Biological Sciences. Written informed
consent was obtained from all participants and the study
was approved by the university’s Institutional Review
Board (CEP: 05/02829, Pontificia Universidade Catdlica
do Rio Grande do Sul [PUC-RS]).

Materials

Stimuli consisted of 44 lists of 15 words drawn from the
Brazilian version of the DRM paradigm (Stein et al., 2006).
The words in each list were all semantically associated to a
theme word. Normative measures of emotionality (Santos
etal., 2009), forward strength, backward strength, set size,
concreteness and word frequency (Stein & Gomes, 2009)
for these stimuli have been previously reported.

Emotionality measures draw on the dimensional
perspective of emotion (Barrett & Russell, 1998; Mauss
& Robinson, 2009; Russell, 1980), which allows the de-
scription of the affective content of words in terms of two
dimensions: valence (which varies from 1 =unpleasant to
9 = pleasant) and arousal (which varies from 1 = relax-
ing to 9 = exciting) (Hamann, 2001; Kensinger, 2004).
Valence ratings can be used to group words into three
categories: negative (valence of 1-3.99), neutral (4-5.99)
and positive (6-9; Kensinger & Corkin, 2004). Arousal
ratings can be used to group words into low (1-4.99)
and high arousal (5-9) categories. Valence and arousal
ratings for the Brazilian version of the DRM lists were
collected following standard instructions (Lang, Bradley,
& Cuthbert, 2008) and were reported elsewhere (Santos
et al., 2009).

Forward strength, backward strength and set size
are measures of word association. Forward strength is
the probability that a cue word (e.g., river) produces a
target word (e.g., water). For DRM lists, the cue word is
always the critical word and a list’s forward strength is
the average of the strengths between the critical word and
their 15 associates. Backward strength is the probability
that a target word produces its cue word. For DRM lists,
backward strength refers to the frequency that an associate
generates back its theme word; a list’s backward strength
is the average of the strengths between the 15 associates
in a list and their critical word. Set size is the number of
different associates of a cue word produced by two or more
participants in a free-association task.
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To collect measures of inter-item association, 15 sets
of 44 unrelated words were created by randomly selecting
words from the DRM lists. Each set contained only one
word from each of the 44 lists. Thus the 15 sets covered all
660 words. The words in each set were printed in a sheet
of paper and the sets were randomly distributed across
participants. On average, 69 participants contributed free-
association data for each word.

Procedure

Participants were tested in groups (approximately 25
participants per group). After signing a consent form, each
participant received a sheet of paper with 44 entries. Each
entry displayed a word (cue) followed by a blank space
(e.g., water — ). Participants were instructed to write
down in the blank space the first word that came to mind
after reading the cue. They were asked (a) to produce a
word that was semantically related to the cue (e.g., book
in response to library), (b) to write only one word per en-
try, (c) not to use the cue itself as a response, (d) to write
legibly, and (e) to leave no entry unanswered. In order to
stimulate the generation of responses, they were told not to
worry about spelling and that there was no right or wrong
answer. Participants returned the sheets as soon as they
finished (self-paced task) and each data collection session
took less than 30 minutes to be completed.

Data Analysis

Responses were pooled according to the following
rules: (a) select a single form of nouns and adjectives va-
rying in number [botdo and botoes were treated as botdo
(button)], gender [eldstica and eldstico were treated as
elastica (elastic)] or diminutive-augmentative suffixation
[sopinha and sopdo were treated as sopa (soup)]; (b) select
the infinitive form of verbs varying in subject agreement
[pulo and pula were treated as pular (to jump)] and tense
[escuto and escutou were treated as escutar (to listen)].

Associations between list items were quantified using
two measures defined in Nelson et al. (2004). The first
measure, called connectivity, refers to the number of
associates that a word elicits within the same DRM list
(only associates generated by at least two participants
were included). For example, when the cue paper (a word
belonging to the list pen) was given to participants, they
generated several words, including notebook and to write,
which also belong to the DRM list pen. In this example, the
connectivity of paper was 2. By contrast, when the cue /id
(also belonging to the list pen) was given to participants,
none of the words they generated belonged to the list pen;
the connectivity of /id was thus 0. Since each DRM list
has 15 words, connectivity values ranged from 0 to 14. In
this study, only the mean connectivity of alist is reported.
Mean connectivity is the sum of connectivities of the 15
words in the list divided by 15. Connectivity values for
individual words are provided as Supplemental Material
(see Appendix).

The second measure of inter-item association, called
connectivity strength, refers to the strength of association

between pairs of words in the same DRM list. More specifi-
cally, connectivity strength is the probability that a word in
a given DRM list elicits another word in the same list by
free association. For instance, 3 out of 69 participants pro-
duced the word notebook when cued with the word paper;
thus the connectivity strength between paper and notebook
is 3/69 = .043. In this study, we report only the summed
connectivity strength of a list. Summed connectivity
strength is the sum of the connectivity strengths of the 15
words in a given list. For example, 5 out of 69 participants
also generated fo wrife in response to paper (connectiv-
ity strength = .072) and no other words belonging to the
list pen were generated when participants were cued with
paper. Thus, the summed connectivity strength of paper is
115 (=.043 +.072). Strength measures for each word pair
are provided as Supplemental Material. In addition to the
inter-item association norms, the Supplemental Material
also include measures of valence, arousal, concreteness,
frequency, forward strength, backward strength and set size
from the Brazilian DRM. We found this appropriate for
two reasons. First, the analyses described below included
norms from other word features, such as valence and arou-
sal. Presenting these norms alongside the new inter-item
association data should help clarify the results. Second,
this is the first study to present the Brazilian version of
the DRM paradigm in English. By making these norms
available to a wider audience, we hope to foster not only
research with Portuguese speaking populations but also
with cross-cultural samples.

Statistical tests were conducted using SPSS. A signifi-
cance criterion (a) of .05 was adopted for all tests.

Results and Discussion

In the following, we first describe the distribution of
association measures (i.e., mean connectivity and summed
connectivity strength) for the set of 44 lists of the Brazilian
DRM lists. Next, we assess whether mean connectivity
correlates with recall data from a previous study (Stein et
al., 2006); the aim is to support the validity of the measures
presented here by replicating a known finding. Finally, we
test whether inter-item association correlates with positive
and negative valence ratings, a finding that would be con-
sistent with the semantic cohesion hypothesis.

Mean connectivity and summed connectivity strength
for each of the 44 DRM lists are presented in Table 1. The
distribution of mean connectivity values (M, . = 1.335,
SD = 472) was symmetric (skewness = .19), relatively
narrow (kurtosis =2.39) and did not deviate from a normal
distribution [Lilliefors test: D(44) = .10, p = .33]. Mean
connectivity varied from .467 (e.g., lists guilt = .467, trash
= .533, rough = .600) to 2.267 (e.g., king = 2.133, bread
= 2.200, to smoke =2.267). Similarly, the distribution of
summed connectivity strength values (M., = 1.973, SD
=.895) was symmetric (skewness =.55), narrow (kurtosis
= 2.88) and normal [D(44) = .08, p = .67]. Summed con-
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nectivity strength varied from .554 (guilt = .554; man =
.733; pen = .814) to 4.358 (army = 3.552; bread = 3.977,
to smoke = 4.358).

Although mean connectivity and summed connectivity
strength were highly correlated (Pearson’s » = .78, p <
.001), it is instructive to treat those measures separately
as they convey different information about intra-list word
associations. For example, the DRM list river has relatively
low mean connectivity (1.067; more than half a standard
deviation below the mean) but relatively high summed
connectivity strength (2.628; more than half a standard
deviation above the mean) in comparison to other DRM
lists that have similar mean connectivity values, such as
the list mountain (mean connectivity = 1.067; summed
connectivity strength = 1.209). This discrepancy between

Table 1

mean connectivity and summed connectivity strength
stem from strong associations among few list items. In
the list river, two pairs of associates (waterfall-water
= .424, fishing—fish = .563) accounted for 37% of the
list’s summed connectivity strength. By contrast, in the
list king it was necessary to sum the strength of six pairs
of associates to account for the same share of the list’s
summed connectivity strength (nobility—wealth = 171,
authority—power = 141, palace-wealth = .132, queen—
crown = .116, sovereign—power = .108, empire—power
= .104; mean connectivity = 2.13; summed connectivity
strength = 2.02). Thus, reporting mean connectivity and
summed connectivity strength separately should facilitate
stimulus selection by researchers interested in separating
lists with many weak connections from lists with few
strong connections.

Mean Connectivity (MC) and Summed Connectivity Strength (SCS) for the 44 Word Lists from the Brazilian Version

of the Deese/Roediger-McDermott Paradigm (DRM lists)

DRM list MC SCS DRM list MC SCS
Agulha (needle) 1.20 1.59 Fruta (fruit) 1.40 1.33
Alegria (joy) 1.73 2.64 Fumar (to smoke) 2.27 4.36
Alvio (relief) 1.07 1.56 Homem (man) .67 .73
Alto (high) 1.13 2.51 Janela (window) 1.53 2.64
Aranha (spider) 1.2 1.96 Ladrao (thief) 1.40 2.26
Aspero (rough) .60 1.02 Ledo (lion) 93 2.19
Bandeira (flag) .93 1.54 Lixo (trash) .53 .82
Borracha (rubber) 1.13 1.76 Macio (soft) 1.47 1.79
Cadeira (chair) 1.27 1.13 Magoa (grief) 1.33 2.63
Camisa (shirt) 1.27 243 Medo (fear) 1.60 .94
Caneta (pen) .93 .81 Menina (girl) 1.93 3.02
Carro (car) 1.20 1.46 Montanha (mountain) 1.07 1.21
Cheirar (to smell) 1.80 3.09 Muisica (music) 1.33 1.72
Cidade (city) 1.13 2.14 Paixdo (passion) 1.60 2.76
Culpa (guilt) 47 .55 Pdo (bread) 2.20 3.98
Devagar (slow) 1.67 2.85 Pé (foot) 1.87 2.27
Doce (sweet) 2.13 2.95 Preto (black) 1.27 1.45
Dor (pain) 1.00 1.12 Raiva (anger) 1.20 1.01
Dormir (to sleep) .67 1.05 Rei (king) 2.13 2.02
Doutor (doctor) 1.53 2.50 Rio (river) 1.07 2.63
Exército (army) 2.13 3.55 Satisfagdo (satisfaction) .60 .92
Frio (cold) 1.87 1.76 Xicara (cup) 1.27 2.16
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To support the validity of the association estimates
reported in this study, we tested whether mean connectivity
correlated with recall performance, regardless of emotiona-
lity. Previous studies have shown that true recall is higher
and false recall is lower for highly connected lists (Deese,
1959a; McEvoy et al., 1999, Experiment 2). Studied words
are more likely to be recalled in highly inter-connected lists
because they can cue each other at test. Unstudied critical
words are less likely to be falsely recalled in highly inter-
-connected lists because they compete with a larger set
of cued associates, which decreases their chance of being
elicited. We correlated mean connectivity estimates with
the recall data reported by Stein et al. (2006), who used
the same 44 DRM lists normed here. The results revealed
a significant positive correlation between mean connec-
tivity and proportion of true recall (r = .46, p = .002) but
no correlation between mean connectivity and proportion
of false recall (r =-.04, p =.79).

These results partially replicated the findings by De-
ese (1959a) and McEvoy et al. (1999) and provide some
support for the validity of our connectivity estimates. The
null correlation for false recall may be due to the narrower
range of connectivity values in our lists compared to the
more extreme values reported by McEvoy et al. (1999).
In that study, 12 lists of associates were defined as highly
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connected if their connectivity values were greater than
2.50. By contrast, none of our lists reached that threshold;
the greatest mean connectivity here was 2.27. To the
extent that false recall depends on the competition be-
tween associates, the lack of extremely high connectivity
values in our sample may have reduced competition and,
consequently, the relationship between connectivity and
false recall.

We now turn to the relationship between inter-item
association and emotion. If semantic cohesion underlies
the effects of emotional words on memory, then inter-item
association should be related to valence in the following
manner: (a) positive lists (valence > 6) should be positively
related to inter-item association measures; (b) negative lists
(valence < 4) should be negatively related to inter-item
association measures. There are 24 positive lists and 13
negative lists in the stimulus set.

Figure 1 shows the relationship between summed
connectivity strength and valence (Fig. 1a) and between
mean connectivity and valence (Fig. 1b). Visual inspection
suggests that inter-item association measures and valence
ratings are not related: Neither positive nor negative lists
show a monotonic relationship with summed connectivity
strength or mean connectivity. There is also no suggestion
of a non-monotonic relationship.

(b)

9

[e]

Valence
[92]

0.0 0.5 1.0 15 2.0 2.5
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Figure 1. Scatterplots showing (a) the relationship between valence (mean valence of the words in each DRM list) and summed
connectivity strength (sum of all pair strengths within each list); (b) the relationship between valence and mean connectivity (mean
number of connections across the 15 items in each list). Each data point represents one of 44 DRM lists.

Simple correlations confirmed this pattern. For positive
lists, there was no significant correlation between valence
and summed connectivity strength [#(22) =-.003, p = .98]
and between valence and mean connectivity [#(22) =—.12,
p = .58]. For negative lists, there was also no significant
correlation between valence and summed connectivity
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strength [#(11) = .20, p = .50] and between valence and
mean connectivity [#(11) = .13, p = .66]. These results
were obtained using the lists’ mean valence ratings. Similar
results were produced when the valence of the lists’ critical
words were used instead.
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As with valence, there was no clear relationship
between arousal and inter-item association: Neither
summed connectivity strength [#(42) =—.12, p = .43] nor
mean connectivity [r(42) =—.04, p = .80] correlated with
arousal. When separate correlations were conducted with
the arousal ratings of positive and negative lists, again no
significant relationship was found (all ps > .10).

To increase statistical power, we repeated the previous
analyses including neutral lists. Neutral lists (valence
between 4 and 5.99) were incorporated into the positive
or negative groups, such that “neutral” lists with ratings
between 5.01 and 5.99 were treated as “positive” lists and
“neutral” lists with ratings between 4 and 4.99 were treated
as “negative” lists. This classification is reasonable in that
participants judged the words’ pleasantness (“positive”,
> 5) or unpleasantness (“negative”, < 5) relative to the
mid-point of the scale (“neutral”, 5). For positive lists,
there was no significant correlation between valence and
summed connectivity strength [#(26) =—.03, p = .88] and
between valence and mean connectivity [#(26) = —-.01, p
= .95]. For negative lists, there was also no significant
correlation between valence and summed connectivity
strength [#(14) = .12, p = .65] and between valence and
mean connectivity [(14) =—.01, p = .98]. There was also
no clear relationship between arousal and inter-item asso-
ciation measures (all ps > .13).

Taken together, these results indicate that the number
and strength of within-list connections are not related to
the DRM lists’ emotional features. Thus, no support for
the semantic cohesion hypothesis was found for the 44 lists
in this stimulus set. We are not claiming that the semantic
cohesion hypothesis is incorrect. It may well be the case
that the effect of emotion on true and false memories is
mediated by the pre-experimental semantic relationships
between the studied words. What these results indicate,
however, is that inter-item connectivity and valence can
be independently manipulated using this set of stimuli.

Two potential limitations of this study should be
pointed out. The first is that the norms presented here
were obtained from a specific region in southern Brazil.
Caution should thus be exercised when generalizing these
norms to other Portuguese-speaking regions or countries,
as word associations may be influenced by geographical
and cultural specificities. However, the fact that robust
false memory results were obtained with this stimulus set
in other Brazilian regions (e.g., Huang & Janczura, 2008)
suggests that the association properties captured in these
norms are relatively stable across regions. The second
potential limitation concerns the age range of the sample
(16-52 years). Associative relations among words develop
from early childhood to adulthood (Bjorklund, 1987), and
such variability may explain differences in cognitive phe-
nomena across age groups (e.g., Carneiro, Albuquerque,
Fernandez, & Esteves, 2007). Because our sample included
participants from different age groups (adolescents, young
adults and middle-age adults), it could be argued that the
norms presented here may reflect properties from different

populations. This is unlikely, however, as the bulk of our
sample (88%) consisted of young adults (18-35 years). The
small number of adolescents and middle-aged adults in the
sample prevented us from obtaining reliable estimates of
connectivity for these age groups. Further research may
help clarify the issue of how word-association properties,
such as intra-list connectivity, vary across age.

Conclusion

This study presented norms of intra-list connectivity
and connectivity strength for the Brazilian version of the
DRM paradigm, extending the semantic association norms
previously obtained for this stimulus set (Stein & Gomes,
2009). Connectivity measures were then used to assess
the role of pre-experimental knowledge on recall (Stein
et al., 2006) and on the emotional properties of Brazilian
DRM lists (Santos et al., 2009). The results indicated
that inter-item association measures are independent of
emotionality measures, suggesting that connectivity and
emotionality can be factorially manipulated in future stu-
dies using this set of stimuli. The norms presented in this
study may thus facilitate stimulus selection and stimulate
research spanning the fields of semantic organization, false
memories and emotion.
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Appendix

Supplemental Material

File: PRC-BurattoEtAl -2012.zip

Download from http://tiny.cc/nlm2t

Description

The file contains 15%15 associative matrices showing links from list items to other list items (connectivity) and their
corresponding free association probability (connectivity strength). At the bottom of each matrix are listed the number of
inter-item associations, the mean connectivity and the summed connectivity strength of the list. There are 44 matrices,
one for each of the 44 DRM lists in Portuguese. The file also contains a table presenting values of valence and arousal

(for lists and critical words), concreteness, lexical frequency, forward strength, backward strength and set size.
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