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That contexts can facilitate or hinder remembering 
of a target item has long been known (Jacoby, Levy, & 
Steinbach, 1992; Murnane & Phelps, 1994; Smith, 1979, 
1994; Thomson, 1972; Tulving & Thomson, 1973; Wick-
ens, 1987). In general, if learning contexts match testing 
contexts, memory performance for the target item at test is 
facilitated, whereas when they do not match, memory per-
formance is impaired. This effect is known as the context 
effect (Murnane & Phelps, 1994, 1995). The present study 
examined a particular context effect—that is, pairing 
words (Thomson, 1972) in word-pair recognition (hence-
forth, the pairing effect). The focus was on the separabil-
ity of associative information (the co-occurrence of two 
words) from item information (the individual words) in 
recognition and its effects on subjective recollective expe-
riences. A number of studies have shown that recognition 
memory of single words or word pairs is better if they are 
tested with the original word contexts than with changed 
contexts (Humphreys, 1976; Light & Carter- Sobell, 1970; 
Thomson, 1972; Tulving & Thomson, 1973). These find-
ings are consistent with the encoding specificity view 
(Thomson, 1972; Tulving & Thomson, 1973) and suggest 
that changing the paired word in word recognition will 
depress recognition performance.

However, the issue of the pairing effects in word-pair 
recognition can be viewed from an alternative perspec-
tive. Recognition studies employing a response signal 
procedure (in which subjects are required to respond at a 
signaled deadline) and probe foils similar to the targets 
(e.g., word pairs with rearranged old words) have shown 
that as the time lag increases, the rate of false alarms to 

the similar foils first increases but then decreases as the 
time lag further increases (Dosher, 1984; Gronlund & 
Ratcliff, 1989; Hintzman & Curran, 1994; Light, Patter-
son, Chung, & Healy, 2004; Rotello & Heit, 2000). In 
word-pair recognition, this result is interpreted as result-
ing from two stages of processing: an early, familiarity-
based, fast, automatic item recognition, followed by a 
slow, recollection-based, recall-like retrieval of associa-
tive information (which is assumed to be required for 
rejecting the rearranged pairs). Many other studies also 
have suggested that the retrieval of associative informa-
tion between two words requires a slow, conscious, effort-
ful process (Hockley & Consoli, 1999; Meiser, Sattler, & 
Weißer, 2008; Westerman, 2001; Xu & Malmberg, 2007; 
but see also Cohn & Moscovitch, 2007). If the retrieval 
of associative information is indeed a slowly initiated and 
effortful process, it should be voluntarily inhibitable, and 
therefore the variation in the pairing of the two words 
should not affect recognition performance. If associative 
information cannot be separated from item information, 
variation on that dimension will either facilitate or im-
pede the decision process concerning the items. If this 
is so, an intact pair would be expected to produce faster 
and more accurate recognition than would a rearranged 
pair. In this study, subjects were required to focus on the 
relevant item information and ignore the irrelevant as-
sociative information (the pairing of the words) both at 
study and at test. If recognition performance at test is 
unaffected by the variation in the pairing of words from 
study to test, the irrelevant dimension is said to be separa-
ble from the relevant dimension. If, despite the best effort 
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see that the two words in each pair were not semantically associated 
and the words across lists not be synonyms or close associates. Of 
the 24 pairs of test items of a list, 6 pairs were intact, 6 rearranged, 
and 12 new-item pairs. In the re-pairing, semantic association be-
tween the two words in a rearranged pair was avoided as much as 
possible. The intact and rearranged halves were counterbalanced 
across subjects. Each new-item pair contained one new word. Half 
of the new pairs had the new word on the left side, and half on the 
right side. The new words were selected according to the same prin-
ciples as the study words. The instruction at the beginning of the 
study and of the test phases emphasized that the subjects needed 
only to memorize the two words, but not the pairing or association 
of the two words, and that which word appeared with which word at 
study did not matter for the memory test, so they could ignore the 
pairing of the words at study. At test, the subjects were instructed 
that if both words were old, regardless of the pairing, they should 
respond with a yes, and that if one of the two words was new, they 
should respond with a no.

At study, each pair of words remained in view in the center of the 
screen, separated by one space for 3.0 sec with a 1-sec blank screen 
between the display of one pair and the next. The order of presenting 
the word pairs within a list and of presenting the lists at study and at 
test was randomized anew for each subject. Four lists were studied 
for three rounds, and the other four lists for one round. For the three-
presentation lists, a new random presentation order for the 24 word 
pairs was used for each round of study. The subjects were informed 
whether a particular list would be studied for one or three rounds 
before the study of a list began. Between one presentation and the 
next, the subjects could take a short break; they pressed Enter to start 
the next presentation or test.

At the end of the study phase, the subjects were asked to count 
backward by threes for 30 sec, starting from a three-digit random 
number. The subjects responded to the beginning number by typing 
in the next smaller number and pressing the Enter key. When the 
subjects gave a wrong number, a warning was displayed along with 
a beep. In that case, the subjects had to reenter the correct number to 
continue. When the 30 sec of backward counting expired, the recog-
nition test began. At test, it was emphasized to the subjects that they 
should respond as quickly and as accurately as they could. The “z” 
and “/” keys were the response keys, with the mapping of the keys 
to the responses counterbalanced across subjects. If participants 
made a no response, the next test pair was displayed. If they made a 
yes response, a follow-up judgment about their memory experience 
was required, in which they made an R/K/G judgment. The reaction 
time (RT) was the time taken for making the old/new decision in the 
first decision stage. The meanings of R and K were explained, and 
examples were given to the subjects by modeling Rajaram’s (1993) 
instructions. They chose G if they could not determine whether they 
had studied the words and simply made a yes guess. The three num-
ber keys “1,” “2,” and “3” on the numerical keyboard were labeled 
“R,” “K,” and “G,” respectively.

Results

Analysis of Rt Data
An individual subject’s median RT in a condition cell 

was used as the input data point. The condition RT means 
were computed from the individual subjects’ medians by 
the statistical analysis program. The mean RTs as a func-
tion of presentation and test pair type are presented in 
Figure 1A.

The RTs for the hits made to the intact and rearranged 
pairs were analyzed. All the p values in the test statis-
tics were lower than .05, unless otherwise indicated. An 
ANOVA using presentation and test pair type (intact 
vs. rearranged) as two within-subjects factors showed 

of the subjects to ignore the associative dimension, the 
test performance is poorer for the rearranged pairs than 
for the intact pairs, the irrelevant dimension (the associa-
tive dimension) is said to be inseparable from the relevant 
dimension. In that case, it can be argued that the retrieval 
of associative information might be fast and automatic, 
rather than slow and effortful.

The impact of variation of the irrelevant dimension on 
the subjective remembering experience was also exam-
ined. The subjective recognition experiences were mea-
sured by a remember/know/guess (R/K/G) judgment. 
According to dual-process theories of memory, there are 
two qualitatively different retrieval processes: a fast, au-
tomatic, familiarity-based process and a slow, controlled, 
effortful, but more accurate, recollection-based process 
(Atkinson & Juola, 1973; Hintzman & Curran, 1994; Ja-
coby, 1991; Mandler, 1980; Yonelinas, 2002). A remem-
ber (henceforth, R) judgment made by subjects to an old 
recognition is assumed to indicate a recollection-based, 
episodic memory experience, and a know (henceforth, K) 
judgment to indicate a familiarity-based experience with 
few episodic details recollected (Tulving, 1985). If a stim-
ulus feature cannot be separated from the target dimension 
in recognition, it should be phenomenologically a part of 
the memory representation. Changing it, therefore, will 
weaken the sense of a recollection. However, if subjects 
can cognitively isolate the relevant dimension and define 
the stimulus as such successfully, then phenomenologi-
cally, an intact and a rearranged pair should be judged 
the same. If, subjectively, this cannot be achieved, the R 
judgment will be depressed by the change of the pairing 
context.

A second factor manipulated was presentation fre-
quency ( presentation, for short). The purpose of varying 
the presentation frequency was to test the possibility of 
selective strengthening of relevant item information in 
learning over multiple presentations. One possibility is 
that when given multiple encoding chances, subjects can 
selectively strengthen item memory without also auto-
matically strengthening the association between the two 
items. Alternatively, from the viewpoint of the global ac-
tivation theory (see Murnane & Phelps, 1994, 1995, for a 
review), the target items cannot be isolated from the as-
sociation even with additional learning, and therefore, the 
pairing effect will persist or even increase as target item 
memory is enhanced by additional learning.

MethoD

subjects
Seventy-one undergraduate students at the University of Texas–

Pan American participated in the experiment for extra course 
credit. The data of 1 subject were excluded from analysis for fail-
ing to meet the minimum 55% accuracy criterion (50% was chance 
performance).

Materials, Design, and Procedure
Eight lists of 24 word pairs each were created for studying. The 

words were selected from Kučera and Francis’s (1967) word fre-
quency norms in the frequency range of 4–10 occurrences per mil-
lion words. Words were randomly paired. However, care was taken to 
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only did more testing not bring down the RT for the re-
arranged pairs, but it actually increased it (albeit nonsig-
nificantly by a simple-effect test, F , 1), suggesting a 
very robust pairing effect. A separate ANOVA compar-
ing the mean RTs for R and K judgments showed that the 
mean RT for the R judgments (1,729 msec) was signifi-
cantly shorter than that for the K judgments (2,642 msec) 
[F(1,68) 5 85.27, MSe 5 339,715].

Analysis of Discrimination (d ′)
The overall hit rate was .70, and the overall false alarm 

rate was .20. The mean d ′s as a function of presentation 
and pair type are presented in Figure 2.

As was evident, the discrimination level was lower for 
the rearranged than for the intact pairs. The main effect of 
presentation was significant [F(1,68) 5 163.83, MSe 5 
.269], as was that of pair type [F(1,69) 5 90.79, MSe 5 
.535]. The presentation 3 pair type interaction was also 
significant [F(1,68) 5 22.71, MSe 5 .181]. The interac-
tion indicated that more learning actually increased the 
pairing effect in discrimination. The d ′ analysis result was 
consistent with the RT results, in that changing the pairing 
impaired performance and that more learning either did 
not overcome or accentuated, rather than attenuated, the 
pairing effect.

Analysis of subjective Judgments
The proportions of R, K, and G judgments were calcu-

lated according to the assumption that these experiences 
are mutually exclusive (see Jacoby, Yonelinas, & Jennings, 
1997, for other ways of measuring the proportion of famil-
iarity experience). The mean proportions of R judgments 
as a function of presentation and pair type are presented 
in Figure 3A.

An ANOVA using the proportion of R judgments, given 
a hit, showed that the main effect of presentation was sig-
nificant [F(1,68) 5 38.28, MSe 5 .027], as was that of 
pair type [F(1,69) 5 96.38, MSe 5 .041]. The interaction 
between the two factors was not significant (F , 1). It 

that the main effect of presentation was marginally sig-
nificant [F(1,69) 5 3.24, MSe 5 340,053, p 5 .07]. The 
main effect of pair type was significant [F(1,69) 5 44.26, 
MSe 5 465,854], indicating a significant pairing effect. 
The pair type 3 presentation interaction was not signifi-
cant (F , 1). Thus, the rearranged pairs produced longer 
RTs than did the intact pairs, and more learning did not 
overcome this pairing effect. However, did more testing 
increase the speed of recognition of the rearranged pairs? 
To answer this question, the hit RTs for the two pair types 
in the first two blocks (the early blocks) were compared 
with those in the last two blocks, Blocks 7 and 8 (the late 
blocks) in an ANOVA. The mean RTs as a function of pair 
type and test block are presented in Figure 1B.

The main effect of pair type was significant [F(1,69) 5 
32.60, MSe 5 735,323]. The main effect of block was not 
significant (F , 1). As is signaled by the diverging lines 
in Figure 1B, the pair type 3 test block interaction was 
significant [F(1,62) 5 5.66, MSe 5 215,670]. Hence, not 
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Figure 1. (A) Mean reaction times (Rts) as a function of pre-
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marginally significant main effect of presentation [mean 
for one presentation 5 .036; that for three presentations 5 
.020; F(1,68) 5 3.70, MSe 5 .005, p 5 .06].

DisCussion

As has been noted, most researchers agree that asso-
ciative memory is the most recollection-based memory 
process (Clark & Gronlund, 1996; Hockley & Consoli, 
1999; Westerman, 2001; Xu & Malmberg, 2007; Yoneli-
nas, 2002) and that a slow, conscious, controlled retrieval 
mechanism is necessary for associative recognition, al-
though an early-occurring, automatic, familiarity-based 
process is sufficient for the recognition of two words 
(Hockley & Consoli, 1999; Malmberg & Xu, 2007; West-
erman, 2001; Xu & Malmberg, 2007). If the retrievals 
of item and associative information are executed in two 
separate steps and if the retrieval of the latter requires a 
slow, conscious, effortful mechanism (Gronlund & Rat-
cliff, 1989; Hockley & Consoli, 1999; Meiser et al., 2008; 
Westerman, 2001; Xu & Malmberg, 2007), not requir-
ing checking the associative information should make 
the task easier and faster. The present results showed that 
the subjects had difficulty achieving the goal of ignoring 
the associative information, suggesting that the activa-
tion of associative information by the item cues may be 
automatic. Moreover, the slowing down at test in the ac-
ceptance of the rearranged pairs was immune to practice, 
suggesting that the activation of associative information 
might be highly autonomic.

The lower recognition discrimination (d ′) associated 
with the rearranged pairs indicated that the change in the 
association could impair the recognition of the items. In 
addition, when the associative context was changed, the 
subjective remembering experience was depressed as 
well, even though the changed pairing was explicitly de-
fined as task irrelevant. Thus, the reduced R judgments 
for the rearranged pairs suggested the importance of the 
association in the memory representation and the phe-
nomenological inseparability of the association from item 
information.

To summarize, associative information in word-pair rec-
ognition seems to be inextricably bound together with item 
information in an integrated episodic memory trace, and 
its activation seems autonomic and uninhibitable. These 
findings are difficult to reconcile with the concept of as-
sociative information being retrieved by a postitem, slow, 
recall-like process (Gronlund & Ratcliff, 1989; Malmberg 
& Xu, 2007; Rotello & Heit, 2000; Westerman, 2001). 
They also contradict Hockley and Cristi’s (1996) finding 
that subjects can encode item information and largely ig-
nore associative information (although not the other way 
around), and Buchler, Light, and Reder’s (2008) conclu-
sion that item and associative information are stored and 
retrieved separately. The present findings are, however, 
consistent with the encoding specificity principle (Hum-
phreys, 1976; Light & Carter-Sobell, 1970; Smith, 1979; 
Thomson, 1972; Tulving & Thomson, 1973) and support 
the SAM theory (Gillund & Shiffrin, 1984; Raaijmakers 

was expected that changing the pairing would increase 
the proportion of K judgments. The mean proportions of 
K judgments as a function of presentation and pair type 
are presented in Figure 3B.

As can be seen, the rearranged pairs received much 
higher rates of K judgments than did the intact pairs. An 
ANOVA showed that the main effect of presentation was 
significant [F(1,68) 5 35.09, MSe 5 .022], as was that of 
pair type [F(1,69) 5 87.89, MSe 5 .046]. The interaction 
of these two factors was not significant (F , 1). By the 
recognition criterion defined in the experiment, an intact 
pair and a rearranged pair were the same, and yet, just as at 
the objective level (RT and d ′ measures), at the subjective 
experiential level, the subjects had a much lower recollec-
tive impression for the rearranged pairs than for the intact 
pairs. An ANOVA on the G judgment rate showed only a 
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& Shiffrin, 1981), which postulates that item and asso-
ciative information are retrieved together and both con-
tribute to overall familiarity in recognition. The finding 
that increased learning either did not decrease or actually 
increased the pairing effect (i.e., selective strengthening of 
targets did not occur) supported the global activation theo-
ries (Gillund & Shiffrin, 1984; Murnane & Phelps, 1994, 
1995). This result further strengthens the conclusion that 
associative information is very difficult to be separated 
from item information.

The finding that the supposedly familiarity-based K 
judgments were slower than the recollection-based R 
judgments, although consistent with reports in the litera-
ture (Dewhurst, Holmes, Brandt, & Dean, 2006; Rotello 
& Zeng, 2008), was inconsistent with the dual-process 
theory of recognition (Yonelinas, 2002). The explanation 
provided by Yonelinas is that subjects first search for evi-
dence to support the R response and make a K response 
only after they fail to find evidence supporting the R re-
sponse. Finally, it should be noted that although the pairing 
effect obtained was compatible with a familiarity-based 
account of association memory found for unitized pairs 
of items (e.g., compound words or other stimulus types 
of integrated pairs; see Diana, Yonelinas, & Ranganath, 
2008; Parks & Yonelinas, 2008; Quamme, Yonelinas, & 
Norman, 2007, for neural evidence for familiarity-based 
association memory), the word pairs in this experiment 
were randomly created, and, therefore, the pairing effect 
was not derived from a semantic unitization of the two 
words.
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