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Abstract

A fundamental challenge in the study of learning and memory is to understand the role of

existing knowledge in the encoding and retrieval of new episodic information. The impor-

tance of prior knowledge in memory is demonstrated in the congruency effect—the robust

finding wherein participants display better memory for items that are compatible, rather than

incompatible, with their pre-existing semantic knowledge. Despite its robustness, the mech-

anism underlying this effect is not well understood. In four studies, we provide evidence that

demonstrates the privileged explanatory power of the elaboration-integration account over

alternative hypotheses. Furthermore, we question the implicit assumption that the congru-

ency effect pertains to the truthfulness/sensibility of a subject-predicate proposition, and

show that congruency is a function of semantic relatedness between item and

context words.

Introduction

It takes time—but eventually all of us weave, thread by thread, an intricate net of world knowl-

edge. It is clear that we make use of our creation whenever we play a game of trivial pursuit or

decide upon the proper ingredients that make a tasty sandwich. However, a less appreciated

role of our semantic network is in episodic memory; it appears that we cast this thick net upon

the world whenever we capture a new experience. A fundamental challenge in the study of

learning and memory is to try and understand the role of existing knowledge structures in the

encoding and retrieval of new episodic information.

Much research throughout the years has demonstrated that prior knowledge can facilitate

memory. For example, a large body of work shows that experts are better able to remember

new information related to their field of expertise than novices (see [1] for a review). Further-

more, the activation of existing knowledge schemas facilitates encoding, as evident in studies

that have shown increased retrieval of stimuli that were preceded with short descriptions (e.g.,
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"the paragraph you will now hear will be about washing clothes" [2]). Finally, the importance

of prior knowledge in memory is demonstrated in a classic (yet somewhat under-studied)

memory phenomenon—the "congruency effect" [3–6]

The "congruency effect" relates to the finding whereby participants display better memory

for items that were presented within a context that is compatible, rather than incompatible,

with their pre-existing semantic knowledge. For example, participants will display better mem-

ory for the target item SPINACH when it is embedded at encoding within the question- "is

SPINACH leafy?" (i.e., a congruent statement), than when it is embedded in the question- "is

SPINACH ecstatic?" (i.e., an incongruent statement). This effect can be obtained using a broad

range of stimuli, and across different modalities (e.g., [3,7–12]). Furthermore, it is observed

under both incidental and intentional encoding, and when employing tests of both recall and

recognition (e.g., [3,5,13]).

Over the past few years, there has been a resurgence of interest in the congruency effect.

This interest has been spurred by research within the field of systems neuroscience (e.g.,

[4,6,12,14]) and stems from an increasing appreciation of the critical importance of existing

knowledge schemas in the successful encoding of new events [15–21],. It seems, therefore, that

the congruency effect is reclaiming its place as an imporatnt phenomenon in memory research,

probably because it is a straight-forward demonstrations of the general principle of the effects

of exisiting representation on episodic memory.

What is the cause of the congruency effect? A prominent interpretation of the memory ad-

vantage for congruent items was given in Craik and Tulving's seminal paper on "depth-of-pro-

cessing" effects [3], which included one of the earliest investigations of the congruency effect.

According to Craik and Tulving's integration-elaboration hypothesis, the target item (e.g.,

SPINACH) is assumed to "integrate" more easily with a congruent context (e.g., leafy), as com-

pared to an incongruent context (e.g., ecstatic). Thus, in the congruent condition, the context

word is, as it were, "appended" to the target's trace—deeming it more "elaborate". These more

elaborate traces are, thereafter, assumed to be more easily accessed during retrieval. This idea is

reminiscent of the dual-process models of recognition which posit the existence (alongside a

familiarity process) of a recollective—contextually based—process, which supports highly ac-

curate recognition judgments. The idea of a contextual basis of the congruency effect can be

contrasted with the notion that the semantically-related words enhance target activation,

deeming target items more accessible, regardless of supplementary contextual information (see

below, the 'item-strength account').

In the years since Craik and Tulving's paper [3], the important effect of elaboration on

memory has been repeatedly demonstrated (for an early review, see [22]). However, the imple-

mentation of the integration-elaboration theory to the congruency effect, specifically, the role

of context, has remained equivocal. In fact, the central claim, according to which the congruen-

cy advantage specifically hinges upon the integration of item and context, has received marked-

ly little empirical investigation.

A prerequisite for the viability of this claim is that congruent pairs are indeed better integrat-

ed, namely, that a target item should serve as a more efficient retrieval cue for the recall of a

previously congruent, as compared to an incongruent, context word. Using a cued-recall para-

digm, this prediction was tested and was indeed supported in several studies (e.g., [5,13],[3],

Experiment 7; Moscovitch & Craik, 1976; see also [7]). Likewise, reinstatement of the encoding

context at test (by the experimenter) facilitated the memory of congruent items more than in-

congruent items [23], while altering the encoding context during retrieval phase hindered

memory of congruent items more than memory of incongruent items ([8], but see [24]), rein-

forcing the view that components of congruent stimuli are better integrated than those of in-

congruent stimuli. However, the fact that memory of the context is facilitated for congruent
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stimuli does not guarantee that herein lies the epicenter of the congruency effect; in other

words, the existence of enhanced item-context integration for congruent words provides neces-

sary, but not sufficient, evidence for the integration account.

In fact, recent computational models of human memory [25,26] lend themselves to an alter-

native interpretation of the congruency effect, whereby the enhanced retrieval of the congruent

context is epiphenomenal. According to this alternative account, the congruency of two words

displayed at encoding (e.g., "BANANA" and "yellow"), provides an "activation boost" to the tar-

get word ("BANANA"). That is, because "BANANA" and "yellow" are bound in our knowledge

(whereas "ecstatic" and "SPINACH" are not), activation spreads at encoding from "yellow" to

"BANANA", elevating the level of activation of “BANANA” beyond that of simply displaying it

at study. This higher level of activation increases the probability that "BANANA" will be re-

membered better at a later memory test, compared to "SPINACH". According to such a model,

then, words appearing in an incongruent context at encoding will have, on average, a lower

probability of being remembered at a later memory test. We refer to this account of the congru-

ency effect as the item-strength hypothesis.

This item-strength account clearly differs from the item-context integration account, whose

focus is on the function of the links between target and context items at retrieval (rather than

the target’s level of activation at encoding). The integration account suggests that the advantage

for congruent words stems from the fact that at retrieval, the congruent context (which is "ap-

pended" to the item) is recalled, thus providing additional diagnostic information that increases

participants' ability to determine that the item appeared at encoding. As an illustration, if, im-

mediately following the encoding phase, an experimenter could take a pair of scissors and sever

the thread that links the words "BANANA" and "yellow"—the retrieval of the congruent target

item will still be enhanced according to the item-strength account, but no such enhancement

would be expected under the item-context integration hypothesis.

To provide a critical examination of the integration-elaboration account of the congruency

effect, it still needs to be established that elevated recognition of the target word in the congru-

ent condition can be demonstrated in association with enhanced recollection of context in the

congruent, as compared to the incongruent condition. This can be achieved by testing memory

for the context word upon recognition of the target word. An advantage of preferring this re-

call-upon-recognition paradigm over cued-recall becomes apparent when considering the fol-

lowing. It is possible that the target word indeed provides an effective cue for retrieval of the

context word when the task explicitly requires doing so, (i.e., as in the cued-recall task); yet,

when the task is to read the target word and make a decision regarding its study status (i.e., a

recognition test—which is a prevalent measure in congruency studies), the target’s effectiveness

as retrieval cue may be compromised. That different task demands can lead to divergent mne-

monic consequences, even when the identical nominal stimulus is presented to initiate process-

ing, is long known. For example, the implicit-memory literature has revealed that using a cue

to consciously recollect information results in different mnemonic consequences than using

the identical cue to perform a perceptual task (e.g., [27]). Testing memory for the context word

upon recognition of the target word would yield four conditions by crossing congruency status

(congruent / incongruent) with retrieval status of the context word (yes/no). A pattern of re-

sults whereby the congruency advantage is observed in recognition for the target word, regard-

less of the rate of retrieval of the context word, would be consistent with the item-strength

account (see Fig. 1). On the other hand, a pattern of results whereby the congruency advantage

for the target word is manifested only in those target items that are remembered with their con-

text word would provide further support for the integration-elaboration view (see Fig. 1).

Thus, the first goal of the current investigation was to test the viability of the integration-

elaboration account by examining whether the congruency effect hinges upon enhanced
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target-context integration. Our subsequent goal was to manipulate the process of integration

and to examine whether reducing integration would be accompanied by a reduction or elimi-

nation of the congruency effect, as predicted by the integration-elaboration hypothesis. To an-

ticipate our results, our findings garner support to the view according to which the effect

indeed stems from enhanced item-context integration.

If item-context integration underlies congruency, then the next question that follows is

what underlies item-context integration. Thus, another focus of this study addresses the issue

of necessary processes that mediate the integration of an item (e.g., SPINACH) with one con-

text (e.g., leafy) but not with another (e.g., ecstatic). A prevalent implicit hypothesis in the con-

gruency literature (e.g., [3,5,10,28]) is what we refer to as the proposition hypothesis. This

hypothesis claims that integration in the congruency condition occurs when the truthfulness or

the sensibility of a proposition is examined. A proposition is a structured semantic unit which

includes a subject (e.g., “SPINACH”) and a predicate (e.g., “leafy”; "SPINACH is leafy"), with

the predicate (“leafy”) being a property that characterizes the subject of the proposition ("SPIN-

ACH"). Without exception, past research has asked participants to make a decision pertaining

to the relationship between a proposition’s subject and predicate, and in doing so, has implicit-

ly adhered to the proposition hypothesis. Importantly, unlike a simple semantic association be-

tween two objects (e.g., SPINACH-POPEYE), a proposition asserts a specific logical relation

between the subject and a predicate. In doing so, a proposition is a representation of our

knowledge of the world that can either be true (e.g., "SPINACH is leafy"), false (e.g., "SPINACH

is purple"; "The word spinach rhymes with the word purple"), or insensible (e.g., "SPINACH is

ecstatic"). Generally speaking, insensible propositions refer to cases where the predicate be-

longs to a class of objects that can rarely be attributed to the subject (i.e., mental states to

Fig 1. Hypothesized results according to the integration-elaboration account (left side), and the item-strength account (right side). Item+context:
target items for which, upon recognition as old, the context word was recalled. Item-only: target items recognized as old without recall of the context word.

doi:10.1371/journal.pone.0115624.g001
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vegetables), whereas false propositions refer to cases where the predicate belongs to a class of

objects that are usually attributed to the subject (i.e., color adjectives to vegetables) yet is in-

compatible with the specific subject.

The proposition hypothesis makes intuitive sense, in that erroneous assertions should not

be assimilated into our semantic storehouse. It also coheres with computational models of the

1970's, when the congruency effect was first demonstrated, which were designed to organize

our semantic knowledge into propositional relations (e.g., "SPINACH is leafy", or "DOG has

legs",[29]). Indeed, these models did not include a representation of false statements (e.g.

"SPINACH is not ecstatic").

Still, given that we are able to process and comprehend incongruent propositions, it is not

clear why the falsity or insensibility of a proposition should prevent its subject and predicate

from forming "a coherent, well-integrated unit" [3]. Moreover, more recent, widely-accepted

computational models (e.g., [29,30]), and specifically models which were developed to account

for semantic influences on episodic encoding, abandoned propositions as an organizing princi-

ple of conceptual knowledge [25,26]. Instead, they proposed that links between nodes in the se-

mantic network are associative, and that they reflect the history of previous co-occurrences of

their corresponding concepts. Within such a framework, congruency does not need to rely on

a propositional structure. Rather, integration (and hence congruency) is merely a function of

the associative connections between nodes in a semantic network. The existence of associative

connections between concepts like “spinach” and “leafy’, as compared to “spinach” and “ecstat-

ic”, is therefore predicted to be sufficient to account for the better integration of congruent

item-context pairs, without invoking a propositional characterization of these links.

To summarize, the aims of the current work are threefold: (i) to obtain direct experimental

support for the enhanced integration hypothesis vs. the item-strength hypothesis (Experiment

1); (ii) to extend the characterization of integration by asking whether this enhanced integra-

tion is a factor of truthfulness or semantic relatedness (Experiment 2–3); (iii) to further exam-

ine the integration hypothesis by manipulating participants’ ability to perform integration even

between two congruent / related concepts (Experiment 4).

Experiment 1

As noted in the introduction, if the congruency effect indeed hinges upon item-context integra-

tion (rather than relying on item-strength), then the benefits of previously congruent targets

should manifest themselves specifically in better retrieval of the congruent context word.

Prior to examining this critical question, a pilot study was conducted aiming at replicating

the classic congruency effect using materials and procedures which will be used in current

and later experiments. Congruent/incongruent noun-adjective pairs (e.g., BANANA-yellow,

SPINACH-ecstatic; see materials for details) appeared at encoding, while at retrieval only the

target noun (e.g., BANANA, SPINACH) appeared for participants to perform an old/new

memory judgment. Indeed, this study obtained a congruency effect (Congruent hit-rate:

M = .66, SD = .12, Incongruent hit-rate:M = .54, SD = .13, t(18) = 6.33, p< 0.001, one-tailed,

Cohen's d = 0.95).

To examine memory for contextual information upon recognition of the target word, in the

current experiment, we administered the standard congruency-effect protocol, while utilizing a

“remember-know” task at retrieval [31–33]. Participants were asked to report whether a posi-

tive recognition of the target word was based on retrieval of contextual information from en-

coding (“remember”) or whether recognition was simply based on a general sense that the item

has appeared at study (“know”). If the word did not appear at encoding, they were asked to

give a “new” response. We explained to participants that a “remember” response is warranted

Context-Integration and Relatedness in the Congruency Effect
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whenever they felt they remembered some piece of information from the encoding context, be

it the context word or any other impression or perception they can recollect. An important

modification to the R/K paradigm was that whenever participants made a remember judgment,

they were prompted with a screen in which they were asked to report the specific contextual in-

formation they remembered. This allowed us to index memory for the context word as well as

additional forms of contextual information. Note that our use of the remember-know task was

not dependent on a particular theoretical interpretation of this task (e.g., equating "remember"

judgments with recollection and "know" judgments with familiarity, see [31–32]); This is be-

cause our focus was not on the type of judgment per se (a matter which is still under theoretical

debate; see [33–35]) but rather on the ability to actually retrieve the context words or any other

contextual information which appeared at study. Furthermore, in our design, failure to retrieve

any form of contextual information would not be indexed as memory for context information,

even if the trial was categorized as a “remember” trial.

We predicted that target items would elicit more "remember" responses, and, critically, bet-

ter retrieval of the context word, when appearing at encoding within a congruent proposition

than when appearing within an incongruent proposition. Furthermore, if the congruency effect

hinges on item-context integration, the congruency advantage should notmanifest in a higher

proportion of "know" responses in the congruent- vs. the incongruent condition (i.e., no differ-

ence is predicted between non-integrated items in the two conditions). In line with our predic-

tion, a recent study [36] found enhanced recollection for congruent items compared to

incongruent items, in the absence of a difference in familiarity. However, Alberca-Reina et al.

[36] presented the entire congruent/incongruent stimuli at test (a pair of faces sharing or not

sharing the same profession), and did not test memory for single items, nor did they test the

ability of a single item to elicit memory of other components of the stimulus. Therefore, the in-

tegration of the stimuli’s components (i.e., integration of the two faces) was not addressed.

Materials and Method

Participants. Across all studies, participants were undergraduate students from the Hebrew

University of Jerusalem. They provided a written informed consent to participate in the study,

and received either payment of 20–30 NIS (equivalent to 5–8$) or class credit for the participa-

tion. All participants were native Hebrew speakers with normal or corrected-to-normal vision.

All studies have been approved by the Faculty of Social Science Ethics Committee, The Hebrew

University of Jerusalem.

Experiment 1 included 18 participants (8 females; aged 20–28 years; mean age: 23.72). Two

additional participants were removed from analysis (one due to poor compliance with the

task instructions—2.5 SDs below the mean accuracy rate at encoding; one due to a technical

problem).

Materials. In all, 360 nouns were matched with congruent and incongruent adjectives to

form 720 pairs which were used as target stimuli for this experiment (e.g., the noun “BA-

NANA” could appear with the congruent adjective “yellow” or with the incongruent adjective

“purple”). Each adjective that appeared in a congruent pair with one noun (e.g., “yellow BA-

NANA”) was also used to construct an incongruent pair with another noun (e.g., “yellow

STRAWBERRY”). Across participants all nouns and all adjectives were seen both in a congru-

ent and in an incongruent pair. The congruent (or incongruent) status of each pair was as-

sessed in a pilot study prior to the experiment. For each participant, 180 pairs (90 congruent,

90 incongruent) were selected for encoding. The remaining 180 nouns were used as lures for

the recognition test. Classification of each noun as a target or a lure was counterbalanced across

participants as was the pairing of the noun with a congruent or an incongruent adjective.

Context-Integration and Relatedness in the Congruency Effect
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Word frequency was equated across lists using the Hebrew language word frequency database

[37].

General Procedure. Unless mentioned otherwise, all of experiments were conducted in the

following manner. The experiment consisted of three phases: incidental encoding, distraction

task, and retrieval. Participants were tested individually. Both the encoding and retrieval phases

were preceded with detailed instructions and a short practice session.

In the incidental encoding phase, participants were asked to decide whether the adjective

can describe the noun (e.g., "can a BANANA be yellow?"), and to indicate their response by

pressing one of two possible keys on a keyboard. This phase included 180 noun-adjective pairs

(90 congruent and 90 incongruent pairs). Each pair was presented on screen for 1.5-s, followed

by a 0.5-s fixation cross. Participants could respond during the presentation of the stimuli and

the fixation. The pairs appeared simultaneously in the center of the screen, written in white on

a black background. The nouns in these pairs always appeared above the adjective (as the stan-

dard reading order in Hebrew is a noun followed by an adjective). The pairs appeared in a ran-

dom order, with a restriction that no more than 4 pairs of a given condition could appear

sequentially.

Following the encoding phase, participants were engaged in a visual block-counting task for

5 minutes, to prevent a ceiling effect in memory performance.

The last phase consisted of a surprise memory test. The target words appeared alone in the

middle of the screen (180 from the encoding phase and 180 foils). The words were presented

on the screen for 3-s followed by a 1-s of fixation. Participants had to choose between three re-

sponse options by pressing one of three corresponding buttons. The response options were: the

word did not appear in the previous part (a "new" response; N); the participants know that the

word appeared but could not retrieve any additional information about the encoding event (a

"know" response; K); or they know that the word has appeared and they remember additional

information about the encoding event (a "remember" response; R). If a participant pressed "re-

member" s/he was asked to type the information that came to mind. Participants were in-

structed that additional information can be the context word or anything they remember

happening, or thinking of, while seeing the word in the first part of the experiment. The partici-

pants were also given a few examples of what such information might be. The items were pre-

sented in a random order, with the restriction of no more than 4 items of the same class (old/

new) could appear consecutively. At the end of the experiment participants were debriefed and

asked whether they had suspected a later memory test.

Results

Accuracy rates at the incidental encoding task did not differ between congruent and incongru-

ent items (related:M = .92; unrelated:M = .91, t(17) = .23, n.s.). We excluded from the analysis

“remember” responses in which the word typed by the subject was erroneous (.01 of the

responses).

R rates were calculated from total number of responses per congruency condition. To cor-

rect for possible dependency between R and K responses, corrected K were computed as the

percentage of K responses from the number of total responses subtracted by number of R re-

sponses (corrected K = K/(total number of responses-R), [32]).

We first examined the effect of congruency on "total memory" (“remember” and “know” re-

sponses collapsed together). The results show that overall memory performance was better for

congruent items (congruent:M = .67, SD = .11; incongruent:M = .60, SD = .16; t(17) = 3.27,

p = .001, one-tailed, Cohen's d = 0.58). Mean false alarms rate was .25 (SD = .16).
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As predicted by the integration-elaboration hypothesis, R responses-rates were higher

for congruent items than for incongruent items (congruent:M = .33, SD = .09; incongruent:

M = .08, SD = .08). Also as predicted, we did not find a higher K response rate for the congruent

condition. In fact, the effect was in the opposite direction (congruent:M = .51, SD = .14; incon-

gruent:M = .56, SD = .18; see Table 1 and Fig. 2). A 2 (Congruency: Congruent, Incongruent)

by 2 (Judgment: Remember, Corrected K) repeated measures ANOVA revealed a significant

interaction of Congruency and Judgment, F(1,17) = 75.5,MSE = .005, p< .001. Simple effects

tests confirmed that the R differences were reliable, t(17) = 13.47, p< .001, one-tailed, Cohen's

d = 3.26, as well as the corrected K differences, t(17) = 2.14, p< .05. The majority of R re-

sponses were ones in which the context word was recollected unaccompanied by additional in-

formation (84% of R responses), while reporting of details in addition to the context word was

rare (16%, which translates to roughly 4 items per subject).

Paired-sample t-test revealed that RT's at encoding were longer for incongruent items than

for congruent items (congruent:M = 1225 ms, SD = 157 ms, incongruent:M = 1357 ms, SD =

212 ms; t(17) = 3.16, p< .01; similar results were obtained in the pilot study described in the

introduction to the current experiment). Hence, enhanced memory for congruent items cannot

be attributed to longer processing time at encoding.

Discussion

The classic congruency effect is characterized by better memory for congruent items than for

incongruent items. In the current experiment, we teased apart the mnemonic advantage of con-

gruent items into two constituent elements: memory for target item only ("know" response)

and the ability to recall the context word ("remember" response). As predicted by the integra-

tion-elaboration account, participants were better able to recall a congruent (vs. incongruent)

context word, indicating that congruent pairs were indeed better integrated.

Our result is consistent with previous findings that have shown that congruent items facili-

tate retrieval in cued-recall paradigm ([3], Experiment 7; [5,13]). We extend this past work by

showing that the enhanced item-context integration is evident also in the case of a recognition

paradigm. Furthermore, and perhaps most critically, the results show that item-context con-

gruency was specific to integrated items, and did not result in increased item-only memory, as

predicted by the item-strength account (see Introduction and Fig. 1). Therefore, the results sug-

gest that the overall higher level of congruent item recognition observed in the classical congru-

ency paradigm stems from an enhanced ability to recollect the context word. This implies that

the facilitated item-context integration is not merely epiphenomenal, but rather constitutive of

the congruency effect.

Experiment 2

Experiment 1 provided support to the view according to which the congruency effect hinges

upon the integration of target item and context. As a second step in our investigation of the

Table 1. Proportions of Remember and corrected K responses for congruent and incongruent items
in Experiment 1 (standard deviations are given in parentheses).

Remember Corrected K

Congruent .33 (.09) .51 (.14)

Incongruent .08 (.06) .56 (.18)

doi:10.1371/journal.pone.0115624.t001
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congruency phenomenon, we wished to delineate what it is about congruent statements that fa-

cilitates item-context integration.

Previous demonstrations of the congruency effect were conducted under an implicit as-

sumption we referred to as the "proposition hypothesis". Participants were presented with true/

sensible and false/insensible subject-predicate propositions. For example, as was shown in Ex-

periment 1, participants had to decide whether an adjective ("yellow"/"purple") can describe a

noun ("BANANA"). In these studies, congruent and incongruent statements differed from

each other along two dimensions: (i) congruent statements formed true and sensible subject-

predicate propositions while incongruent statements did not (e.g., SPINACH is indeed leafy,

but is rarely ecstatic); (ii) items that were embedded within a congruent statement were seman-

tically related to their context, whereas in the incongruent case they were not (e.g., SPINACH

Fig 2. Remember and corrected K rates in Congruency and Relatedness. Upper panel: Experiments 1 and 3, in which participants examined the
semantic relations between the components of the stimuli. Lower panel: Experiments 4a and 4b, where participants examined the lexical status of the items
(nouns or adjectives).

doi:10.1371/journal.pone.0115624.g002
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and leafy are associated within one's semantic network, whereas SPINACH and ecstatic are

not). Based upon these previous studies it remained unclear whether it is the falsity of a state-

ment that disrupts target-context integration, or whether this integration is facilitated by the

semantic relatedness of the target and context words.

Therefore, in Experiment 2, we aimed to investigate whether the congruency effect pertains

only to true/sensible (vs. false/insensible) subject-predicate propositions, or whether it would

also emerge for related (vs. unrelated) word-pairs (e.g., "BIKINI-beach" vs. "BIKINI-leaves").

Unlike the proposition "ecstatic SPINACH" which violates our semantic knowledge of spinach

(and is therefore insensible/false) the simultaneous presentation of the words "BIKINI" and

"leaves" or "beach" does not form a proposition that is either true or false; instead, it merely dif-

fers with regards to the degree of semantic relatedness between the target and context words.

To allow a straight-forward comparison with previous demonstrations of the congruency ef-

fect, we will first examine the relatedness effect using an old/new recognition test (Experiment

3 will use a “remember-know”memory test). A finding whereby the mere semantic relatedness

between item-context pairs leads to enhanced recognition will imply that incorporating the

"proposition hypothesis" into an account of the congruency effect is un-parsimonious.

Note that such a comparison of memory of related and unrelated pairs is different from that

examined in typical studies of recognition memory for associations. In those studies (e.g.,

[38]), participants are presented with related and unrelated pairs at study. At test, intact pairs

(“old”)—both related and unrelated—or re-combinations of pairs (“new”)—both related and

unrelated—are presented for a recognition test. Thus, two items are presented at test, with the

items either having been studied within the same pair or in different pairs. Consistent with our

suggestion, the robust finding in this literature is that recognition memory for related pairs is

better than for unrelated pairs. Presumably, the appearance of each of the studied words at test

alongside the other pair member enhances the recollection for the other word, perhaps by

some process of co-activation. In contrast, in the current experiment, we present only a single

item at test (the target item). Historically, this item may have appeared as part of a related pair

or as part of an unrelated pair. Critically, this information is long-gone and is not present when

making the memory judgment. If the study status of the item (related, unrelated) leads to dif-

ferential recognition memory, it will provide a demonstration of the congruency effect in a set-

ting that does not support the proposition hypothesis.

Materials and Method

Participants. Twenty four participants (9 female; aged 20–29 years old; mean age: 25) partici-

pated in the study. Two additional participants were excluded from analysis since they sus-

pected a later memory test.

Materials. In all, 456 pairs of related words and 456 pairs of unrelated words were used in

this experiment. Several types of semantic relations were included in the stimuli list: abstract

and concrete nouns (e.g., LOVE—affection; CHAIR—table), oppositions (e.g., LIGHT—dark),

members of the same category (e.g. DOG-cat) and items that are not members of the same se-

mantic category but tend to appear together in our daily life (e.g., MOTORCYCLE—helmet;

BIKINI-beach; WALL-picture). To compose the unrelated pairs, we interchanged the context

words between two target words. For example, the related pairs CHICKEN-egg and NECK-

LACE-earrings were interchanged to make the unrelated pairs CHICKEN-earrings and NECK-

LACE-egg. Related and unrelated pairs were chosen based on associative connection as

assessed in a pilot study, in which participants rated the relatedness of word pairs.

Pairs were divided into four lists, composed of related and unrelated pairs (228 pairs in each

list, 114 related and 114 unrelated) that rotated across participants. The pairing of a noun with
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a related noun or an unrelated noun was counterbalanced across lists. All lists were equated for

relatedness score. Word frequency was equated across lists using the Hebrew language word

frequency database [37]. Across participants, all the nouns were seen both in a related and in

an unrelated pair. The classification of each word as a target or a lure was counterbalanced

across participants.

Procedure. At encoding, the 228 pairs (114 related pairs, 114 unrelated pairs) appeared on

screen for 2.5-s, followed by 0.5-s of fixation. The words appeared simultaneously at the center

of the screen; the target word was always above the context word. Participants were asked to in-

dicate whether the two presented words are related or unrelated in their meaning by pressing

one of two keys on a keyboard.

On the recognition test, which immediately followed the encoding phase, all the target

words were presented again alone on the screen (228, half previously related and half previous-

ly unrelated) intermixed with new words (228 items). Each word was presented for 1.5-s, fol-

lowed by a 0.5-s fixation.

Results

At encoding, .95 of the related trials and .94 of the unrelated trials were classified by the partici-

pants in accordance with our a-priori classification, t(23) = .55, n.s..

As predicted, average hit rate for items that appeared at study with a related context word

(M = .61, SD = .14) was higher than for items appearing with an unrelated context word

(M = .47, SD = .14), t(23) = 10.11, p< 0.001, one-tailed, Cohen's d = 1.00. Mean false alarms

rate was 0.16 (SD = .09).

Consistent with our findings in Experiment 1, here too RT’s at encoding were significantly

longer for unrelated items than for related items (related:M = 1124 ms, SD = 197 ms; unrelat-

ed:M = 1303 ms, SD = 249 ms; t(23) = 6.33, p< .0001).

Discussion

The results showed that a word will be better remembered after appearing at encoding with a

semantically related (vs. unrelated) word (For additional investigations of the effect of semantic

relatedness see, for example, [39–41]. The results of these studies are consistent with our find-

ings; however, they do not pertain to the congruency effect). Like in the pilot study and in Ex-

periment 1, this memory advantage cannot be attributed to longer processing time at encoding.

Furthermore, similarly to our pilot study using congruency stimuli, the results showed a large

effect size of about one standard deviation between the related and unrelated conditions. Im-

portantly, these results were obtained using a paradigm similar to the classic paradigm used to

demonstrate the congruency effect, in which the recognition test presents a single item (with

no reference to its semantic status at encoding). Therefore, unlike previous studies which tested

memory for the associated pair (e.g., [38]), our results cannot be easily attributed to a semantic

relatedness effect during retrieval. Thus, the results of Experiment 2 provide support to the

claim that the congruency effect stems from the mere semantic relatedness between congruent

items and that the "proposition hypothesis" may be unnecessary in order to explain the en-

hanced item-context integration of congruent pairs.

Experiment 3

Experiment 2 provided evidence that the mere semantic relatedness between an item and a con-

text might be sufficient to account for the congruency effect. In Experiment 3, we wished to fur-

ther substantiate this claim by investigating whether the enhanced mnemonic performance for

semantically related words mirrors the pattern of results observed in Experiment 1 for
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propositional stimuli. That is, we wished to see whether the relatedness leads to enhanced recol-

lection of the context word, without an increased retrieval of the target item unaccompanied by

its context. Therefore, Experiment 3 provided a replication and extension of Experiment 1,

wherein we made use of semantically related rather than subject-predicate propositional stimuli.

Materials and Method

Participants. Sixteen participants (10 females; aged 20–33; mean age: 24) participated in this

experiment. Three additional participants were removed from analysis since they suspected a

later memory test.

Materials. The same stimuli as in experiment 2 were used in this experiment.

Procedure. The encoding phase was identical to that of experiment 2, with the exception

that the stimuli appeared on screen for 3-s and followed by 0.5-s of fixation.

On the recognition test, which immediately followed the encoding phase, the target words

appeared alone on in the middle of the screen (228 from the encoding and 228 foils). The

words were presented on the screen for 3-s followed by 1-s of fixation. The task performed by

the participants was identical to the one used in Experiment 1 (i.e., a modified remember-

know paradigm). The items were presented in a random order, with the restriction of no more

than 4 items of the same class (old/new) appearing consecutively.

Results

At encoding, accuracy rates were equal for related and unrelated items (related:M = .95; unre-

lated:M = .97, t(15) = .61, n.s.). Items that were not classified in accordance with our a-priori

classification, or items for which the participant did not respond, were excluded from analysis.

We also excluded from the analysis “Remember” responses in which the word typed by the

participant was erroneous (only .01 of the responses were of this type).

We first wished to see whether the effect of higher memory for related versus unrelated pairs

was replicated in this study. Total memory (R and K collapsed together) for related items (M = .74,

SD = .9) was indeed facilitated compared to unrelated items (M = .62, SD = .12), t(15) = 4.48,

p< .001, one-tailed, Cohen's d = 1.13. Mean false alarms rate was .24 (SD = .13).

Consistent with our prediction, R rates were higher for related items than for unrelated

items (related:M = .37, SD = 12, unrelated:M = .08, SD = .07) while corrected K rates did not

differ as a function of relatedness (related:M = .61, SD = .08, unrelated:M = .63, SD = .14; see

also Table 2 and Fig. 2). A repeated measures ANOVA with Relatedness (Related, Unrelated)

and Judgment (R, corrected K) as independent variables, confirmed the interaction of Related-

ness and Judgment to be significant, F(1,15) = 58.33,MSE = .007, p< .001. A simple effects

analysis affirmed the difference in R to be reliable, t(15) = 9.83, p< .001, one-tailed, Cohen's

d = 3.32, while corrected K rates did not differ, t(15) = .56, p = .59.

As in Experiment 1, the vast majority (86%) of R responses were ones in which participants

were able to recollect the context word, but without further contextual details. Also in this experi-

ment, RT's at encoding were longer for unrelated than for related pairs (related:M = 1210 ms,

Table 2. Proportions of Remember and corrected K responses for related and unrelated items in
Experiment 3 (standard deviations are given in parentheses).

Remember Corrected K

Related .37 (.12) .61 (.07)

Unrelated .08 (.07) .63 (.14)

doi:10.1371/journal.pone.0115624.t002
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SD = 190 ms; unrelated:M = 1420 ms, SD = 265 ms; t(15) = 3.99, p< .005), indicating that mem-

ory differences cannot be explained by longer processing time at encoding.

Discussion

In Experiment 3, participants were presented at encoding with semantically related (or unrelat-

ed) word pairs. At retrieval, participants were asked to judge whether the target item was famil-

iar or not, as well as to attempt to retrieve the context word. Unlike in Experiment 1, the

stimuli in this study were non-propositional, and yet, just like in Experiment 1, the effect of se-

mantic relatedness was manifested specifically in enhanced recollection of the context word

without a corresponding increase in the target item's familiarity. Thus, the results of this exper-

iment further support the claim that the "proposition hypothesis" is unnecessary to account for

the congruency phenomenon. Furthermore, the results provide further support for the claim

that the congruency effect specifically hinges upon enhanced item-context integration.

Experiment 4

In Experiments 1 and 3, we found that the congruency effect is characterized by an enhanced

recollection of the context word, without an enhanced recognition for non-integrated target

items. If the congruency effect indeed hinges upon the enhanced item-context integration, then

a manipulation that specifically disturbs item-context integration should also diminish the

magnitude of the congruency effect or altogether eliminate it. If, as suggested by the item-

strength account, item-context integration is epiphenomenal to the congruency effect, a con-

gruency effect is likely to be observed in the face of decreased integration.

Previous studies have shown that in order for participants to be able to associate and inte-

grate two items in explicit memory, they must process the relationship between the two words

(see, for example, [42,43]). Therefore, unlike in Experiments 1–3 wherein participants’ encod-

ing task involved the processing of semantic relations (i.e., either verifying propositions or as-

sessing relatedness), in Experiment 4 we asked participants to merely determine whether

stimuli comprised of two nouns or a noun and an adjective, a task that necessitated the process-

ing of each word but not of the relation between the two. At retrieval, we again employed a

modified remember-know task (see Methods). We predicted that the memory for context

word will diminish under these non-relational conditions, but that the target item's familiarity

would remain relatively unaffected. Furthermore, if the congruency advantage relies upon

item-context memory, we predict that total memory difference between congruent and incon-

gruent items would decrease as well.

In Experiment 4A, we used the subject-predicate stimuli employed in Experiment 1; in Ex-

periment 4B, we used word pairs that did not comprise a subject and a predicate, namely, the

stimuli employed in Experiment 2 and 3.

Experiment 4A

Materials and Method. Participants. Eighteen participants (13 females, aged 23–31; mean

age: 25.17) participated in this experiment. One additional participant was excluded from the

analyses due to poor performance at the encoding task (more than 2.5 SDs below the mean).

Materials. The noun-adjective stimuli, which were in the focus of this experiment, were a sub-

set of 480 pairs from the ones used in Experiment 1 (these were divided to four lists as was done

in Experiment 1: 60 congruent and 60 incongruent pairs appeared for each participant at encod-

ing, and additional 120 words appeared as foils at test). To allow the two-nouns/noun-adjective

task (see procedure), two additional sets of stimuli were added to this experiment as fillers: 24

noun-adjective pairs, 12 congruent and 12 incongruent, were constructed for presentation
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whereby the adjective on the top and the noun at the bottom, and additional 42 pairs composed

of two nouns. These sets of pairs were not counterbalanced and were not used in the analyses.

Procedure. At encoding, participants were asked to indicate whether a pair of two nouns or

a pair of noun and adjective appeared on screen. In the experimental set of stimuli, the target

noun always appeared above the context adjective. Additional set of noun-adjective pairs in

which the adjective appeared above the noun where used, thus the participants could not pre-

dict where the adjective will be and fixate on one word to make a decision. The pairs appeared

on the screen for 1.5-s, followed by a 0.5-s fixation.

The retrieval task was similar to that of Experiments 1 and 3. In those experiments, we found

that when participants gave a “remember” response they invariably remembered the context

word. Moreover, participants were highly accurate in their retrieval of the context word. There-

fore, in this experiment two changes were introduced: first, the “remember” response option was

replaced by a “context word” (CW) response. Participants were asked to press CW if they re-

membered that the target word appeared in the previous part, and if they could also retrieve the

context word of the pair. Second, in this experiment, we did not ask participant to type in the

context word. Instead, participants were merely asked to press CW and were asked to make sure

they were capable of saying the word to themselves. If participants remembered that the pre-

sented word had appeared, but could not recollect the additional word of the pair, they were

asked to press “know” (K). If participants thought that the word did not appear previously, they

were to press on “new” (N). All the target nouns from the encoding phase were presented alone

in the middle of the screen intermixed with new nouns. Each noun was presented for 2.25-s, fol-

lowed by a 0.75-s fixation. The order of the items was random, with the restriction of no more

than 4 items of the same class (old/new) could appear consecutively.

Results. Mean accuracy rates of critical trials (noun-adjective pairs) at the encoding task

were higher for congruent pairs (M = .85) than for incongruent pairs (M = .81), t(17) = 2.38,

p< .05. Pairs whose classification was not in accordance with our experimental pre-classifica-

tion were excluded from further analyses.

“Total memory” (CW responses with K responses) did not differ between congruent (M = .47,

SD = .12) and incongruent items (M = .45, SD = .12), t(17) = .73, p = .48. Mean false alarm rate

was .24 (SD = .13). CW and corrected K rates were entered to an ANOVA with Judgment

(CW, corrected K) and Congruency (congruent, incongruent) as independent variables. This

ANOVA revealed no interaction of Judgment and Congruency (p> .27). Nevertheless, to ex-

amine our hypothesis regarding CW and corrected K rates, simple effect tests were conducted

for each judgment (as was done in Experiments 1 and 3). Congruent items (M = .06, SD = .05)

elicited significantly more CW responses than Incongruent items (M = .03, SD = .04), t(17) =

3.55, p = .002, Cohen's d = 0.66. The proportion of K responses did not differ for congruent

(M = .44, SD = .11) and incongruent items (M = .43, SD = .12), t(17) = .22, p = .82, see Fig. 2.

Incongruent items took significantly longer to process than congruent items (congruent:

M = 1168 ms, SD = 184 ms, incongruent:M = 1223 ms, SD = 184 ms; paired-sample t-test:

t(17) = 5.27, p< .001).

Thus, when we produced a disturbance of integration, a reduction in memory performance

was specifically manifested in the context-word retrieval, thereby eliminating the

congruency advantage.

Experiment 4B

Materials and Method. Participants. Eighteen participants (9 female; aged 22–31; mean age:

24.4) participated in this experiment. One subject was removed from further analysis due to

poor performance (more than 2.5 standard deviations below the average).
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Materials. A subset of 280 related and 280 unrelated pairs was chosen from the stimuli used

in experiment 2. These were divided into 4 lists as was done in experiment 2. For each partici-

pant, one list of pairs was selected to be presented at study (70 related pairs and 70 unrelated

pairs) while the remaining target words (140 words) were used as lures at the recognition test.

Allocation of each word to target or lure, and the pairing of a word with a related or an unrelat-

ed context word were counterbalanced across participants.

Another set of 88 pairs of nouns and adjectives, half related and half unrelated was incorpo-

rated in the experiment. These pairs were included to enable the task (see procedure, Experi-

ment 4a). They were not counterbalanced; they did not appear at the retrieval phase and were

not analyzed.

Procedure. The procedure was identical to that of Experiment 4a, only that retrieval test im-

mediately followed encoding.

Results. Accuracy rates of encoding task were higher for related items (M = .94, SD = .04)

than for unrelated items (M = .90, SD = .09), t(17) = 3.17, p< .01. Pairs whose classification

was not in accordance with our experimental pre-classification were excluded from

further analyses.

Consistently with our hypothesis, no difference was found between related and unrelated

items in the "total memory" measure (related:M = .53, SD = .17; unrelated:M = .54, SD = .14 t

(17) = .53, p = .61). Mean false alarm rate was .28 (SD = .12). To further examine our hypothe-

sis, CW and corrected K rates were entered to a repeated-measures ANOVA with Judgment

(CW, corrected K) and Relatedness (relate, unrelated) as independent variables. This ANOVA

revealed an interaction of Judgment and Relatedness (F(1,17) = 18.05,MSE = .002, p< .001).

Simple effects tests showed that this interaction stemmed from better recall of CW for related

items than for unrelated items (Related:M = .07, SD = .06; unrelated items:M = .03, SD = .04, t

(17) = 4.21, p< .001, Cohen's d = 0.78). Corrected K responses were higher for unrelated items

(M = .53, SD = .15) than for related items (M = .48, SD = .17, t(17) = 2.65, p = .02, see Fig. 2).

RT's at encoding were longer for unrelated items than for related items (related:M = 1314 ms,

SD = 290 ms; unrelated:M = 1466 ms, SD = 277 ms; paired sample t-test: t(17) = 8.25, p< .001.

To obtain further support for our claim that our manipulation specifically hindered memo-

ry for CW, we conducted a joint analysis of Experiments 4a and 4b with the equivalent Experi-

ments in which the task directed participants to the semantic statues of the stimuli

(Experiments 1 and 3). To enable comparison between different experiments with various FA

rates, FA were subtracted from Hit rates (We used Hits-FA rates and not a d' measure because

d' rest upon the assumption equal variances for related/congruent and unrelated/incongruent

distributions [32], an assumption which was unwarranted in light of the results of Experiment

1 and 3). These were entered to a mixed model ANOVA with Type of Relation (congruency/re-

latedness) and Task (attention to semantic relations/attention to lexical relation) as between-

subject factors and Judgment (CW/R and corrected K) and Status (congruent/related or incon-

gruent/unrelated) as within-subject factors. A triple interaction of Task with Judgment and Sta-

tus would support the claim that our task differentially influenced CW effect and corrected K

(lack of) effect between congruent (and related) and incongruent (and unrelated) items. In-

deed, such an interaction was observed (F(1,66) = 58.31,MSE = .005, p< .001). To assure that

the triple interaction stemmed from the task-alteration influencing CW effect, an ANOVA

with CW/R responses as the dependent measure was conducted (similarly to the principle

ANOVA, also here FA rates were subtracted). This ANOVA included as independent variables

the between-subject factors of Type of Relation (congruency/relatedness) and Task (attention

to semantic relations/attention to lexical relation) and the within subject factors of Status

(congruent/related or incongruent/unrelated). We expected to find an interaction of Task

with Status in the CW ANOVA (indicating that task modified the CW difference between
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congruent/related and incongruent/unrelated). Indeed, this interaction was found (F(1,66) =

164.91,MSE = .003, p< .001). There was no interaction of Type of Relation with task and Sta-

tus, p> .48. We conducted the same ANOVA using corrected K rates as dependent measure.

No interaction of Task and Status was evident, p> .68, indicating that our task did not influ-

ence corrected K rates.

We note also that in the former principle ANOVA, (with Type of Relation and Task as be-

tween-subject factors and Judgment and Status as within-subject factors), Type of Relation fac-

tor interacted with Judgment factor (F(1,66) = 6.89,MSE = .01, p< .05), indicating that items

appearing in noun-noun pairs achieved different memory rates than items previously appear-

ing in noun-adjective pairs. Importantly, no four-way interaction of all factors, nor a triple in-

teraction of Task, Type of Relation and Judgment were obtained, indicating that our

manipulation similarly affected relatedness and congruency (p's> .29).

Discussion. In Experiment 4, we employed an identical paradigm to that used in Experi-

ment 1 and 3, with the major difference that we used an encoding task which was meant to spe-

cifically hinder item-context integration. As predicted by the integration-elaboration account,

the disturbance to the integration of item and context specifically diminished participants' rec-

ollection of congruent context words, and the overall mnemonic advantage for congruent sti-

muli was not obtained. According to the item strength account, hindering context-word

retrieval should not have significantly influenced the congruency advantage. Therefore, these

findings further support the claim that the congruency effect indeed hinges upon integration,

in accordance with the integration account.

Note that these results should be interpreted with a measure of caution due to the low levels

of CW responses. Our aim in this experiment was to examine integration as a crucial factor in

the congruency effect. Thus, we chose a manipulation that diminished integration. While dem-

onstrating our claim, this manipulation is limited by the relatively low rates of integrated items

it produced in both conditions. Further research may provide additional paradigms to investi-

gate this issue.

General Discussion

Despite the many years that have passed since the first demonstration of the classic congruency

effect [3,5], two open questions still surround this effect. First, previous investigations of the ef-

fect implicitly adopted the ‘proposition hypothesis’, namely, that the congruency effect strictly

pertains to subject-predicate propositions. Still, the validity of this hypothesis has not been in-

vestigated. Second, the most prominent explanation of this robust phenomenon—the integra-

tion-elaboration hypothesis [3]—lay on equivocal empirical grounds. In the current

investigation, we set forth to address these two important issues.

The role of item-context integration

As noted in the introduction, a central tenant of the integration-elaboration account of the con-

gruency effect hinges upon enhanced item-context integration. The integration of the item

with the context words entails that the mental representation of an item becomes more "en-

riched" or "elaborated", such that it is subsequently better remembered [3].

The assumption that a congruent item-context should somehow be better integrated appeals

to intuition. However, its explanatory power to the congruency effect has been as compatible

with existing data as that of the item-strength account. The current set of experiments provided

strong evidence in support of the item-context integration account. Thus, in Experiments 1

and 3, we applied a modified remember-know paradigm in which participants were asked to

report the context word associated with an item. As predicted, target items resulted in
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enhanced recognition when appearing at encoding within a congruent proposition than when

appearing within an incongruent proposition. Importantly, this enhanced recognition was ac-

companied by better retrieval of the context word. This result provides direct evidence to the

claim that congruent word pairs are indeed better integrated, in the sense that the presentation

of the target items entails the retrieval of the context word. These findings provide the first

demonstrations of enhanced congruency-related item-context integration when the target is

retrieved (in contrast to conditions wherein the target word is given as in cued-recall tests).

Therefore, they demonstrate the function of integration within the setting in which congruency

is typically studied—when target's retrieval is examined.

It is important to note that the integration-elaboration hypothesis is committed to a stron-

ger argument, according to which the congruency effect should specifically hinge upon en-

hanced item-context integration. This claim gained initial support in Experiment 1 and 3

where it was shown that the congruency advantage for the retrieval of the context words was

not accompanied by increased item-only memory (i.e., retrieving the item word without addi-

tionally retrieving the context word). Although not ruling out the item strength hypothesis

these results suggest that the congruency advantage is specifically manifest in a facilitated abili-

ty to retrieve the context word, rather than a generalized memory enhancement of the target

(see Fig. 1).

Finally, in order to provide further support for the claim that the congruency effect indeed

hinges upon item-context integration, we wanted to see whether an experimental manipulation

that hinders this integration eliminates the congruency advantage. Thus, in Experiment 4A

and 4B we used an encoding task that specifically hindered context retrieval. As predicted by

the integration-elaboration hypothesis, this manipulation reduced context-word retrieval, and

significantly reduced the congruency effect (abolishing it in the recognition total memory mea-

sure, and leaving a minor difference in the item+context bin). The alternative item-strength hy-

pothesis would have predicted a different pattern of results: since it is not committed to the

locus of the effect (in the CW and/or in the item-only bin), in the absence of context integra-

tion the congruency advantage could still have appeared in the item-only bin; However, this

was not the case.

Fisher and Craik [23] presented evidence that is consistent with the claim that congruency

hinges upon item-context integration, rather than item-strength. In their study, the length of a

sentence enhanced the retrieval of the target item only if the words in the sentence were asso-

ciatively related to the target item. The authors maintained that associatively related words can

be more easily reinstated at test and concluded that integration at encoding is beneficial only to

the extent that it allows the context to be reinstated at retrieval.

Although providing important evidence supportive of the integration account, Fisher and

Craik [23] did not gauge memory for the context. Hence, their results are limited in that they

cannot distinguish between cases in which the target item served at retrieval to reinstate the

context and cases in which it did not, a result which is critical for the integration-elaboration

hypothesis. As we have repeatedly argued in the article, it is possible that the enhanced memory

of the target item was not related to the reinstatement of the context at retrieval, but rather to

the strength of the target item itself, as activated at encoding. One might argue that the second

experiment reported in this same study, which exhibited an advantage of the complexity of the

sentence only when the full sentence was given at test (that is, reinstated by the experimenter),

but not when the target word appeared alone, provides the demonstration that indeed, context

reinstatement, rather than the strength of the target item, underlies congruency/relatedness ef-

fect. However, as mentioned in Fisher and Craik [23], it is hard to know whether this effect did

not simply result from the length of the sentence presented at test. It is thus conceivable that

compared to short sentences (or to long sentences containing no associates of the target word),
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a long sentence in which words were associatively related to the target item activated the target

to a greater extent [25] at encoding. For example, the concept DOG which appears in the sen-

tence "The furry barking DOG" will receive an activation boost at encoding from both

"barking" and "furry". Thus, it is bound to be better remembered than when appearing within

the sentence "The clean black DOG", for which no additional boost is expected from the asso-

ciatively unrelated concepts of "clean" or "black".

While our findings show that the congruency advantage is contingent upon item-context in-

tegration, it is important to note that in our experiments integration was defined (consistently

with previous literature) in a relatively narrow sense—as the ability of an item to serve as cue

for the retrieval of a context word. Such a definition regards integration as a behavioral out-

come, rather than as a well-defined component of a cognitive mechanism. For example, it is

possible that the enhanced integration relies upon spreading of activation in a semantic net-

work (see for example, the PIER-II model, [25]). Alternatively, it could be that spreading of ac-

tivation in the semantic network facilitates memory via enhancement of an episodic trace (see

e.g., SAC model, [26]). Clearly, a full understanding of the congruency phenomenon will re-

quire future work to formulate and test models that utilize a more precise instantiation of the

notion of integration.

Indeed, the current investigation did not aim to provide a conclusive answer to the question

of whether the observed "integration" is sub-served by the propagation of activation within a

semantic network (e.g, PIER-II, [25]) or the enhancement of an episodic trace (e.g., SAC, [26]).

Still, we believe that one aspect of our results may suggest a crucial role for an episodic trace in

item-context integration. In both Experiments 1 and 3 (wherein participants reported the con-

text word) there were practically no cases in which participants retrieved an incorrect context

word; i.e., there were no cases in which participants falsely recollected that the word "cat" ap-

peared with "dog" when "cat" did not appear at all; nor were there cases where they falsely at-

tributed the word "cat" to the item "dog", when in actuality "cat" appeared with the word "milk".

This finding is particularly striking given the obvious potential for such mistakes. While

there are clearly regularities in the participants' dominant semantic associates, there is also

much variability. For example, while many people might think of the word "dog" when

prompted with the word "cat", others may think of the word "fur". If item-context integration

entails the spreading of activation within the semantic network, one could have speculated that

at least in some cases, participants will mistake such semantic associates for the context word

displayed at encoding. The marked distinctiveness of congruent item-context pairs, suggests

that they were encoded in a qualitatively "privileged" manner, perhaps via the enhancement of

an episodic trace. This result resonates with previous studies demonstrating prior knowledge

influences on episodic memory using source memory or recollection measures [7,36,44–47].

Future work may benefit from applying a computational modeling methodology to ascer-

tain whether such models as PIER-II [25] and SAC [26] indeed diverge in their predictions re-

garding the existence/proportion of erroneously recalled context words (in a congruency

paradigm). Such evidence will be especially important in evaluating a recent influential neuro-

scientific model of schema congruency and cortical-hippocamapal interaction [48] which sug-

gests that events that are congruent with existing knowledge are encoded via a cortical/

semantic route while incongruent events are encoded via a hippocampal/episodic route. Recent

neurocognitive studies relevant to the evaluation of this model have thus far yielded inconclu-

sive data: In support of a semantic/cortical item-context integration, some studies found corti-

cal involvement in encoding of congruent but not incongruent items [4,6,7,12]. However,

other findings suggest that the hippocampus is required also for existing-knowledge-supported

new learning [16,49].
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The finding whereby participants did not report any erroneous context-words also pertains

to the ongoing debate as to whether source memory judgments (and Remember responses) re-

flect episodic recollection, or whether they stem from some sort of familiarity judgment

[33,34,50]. Much of the previous investigations of source memory entailed presenting partici-

pants with a forced-choice question (i.e., items were presented at encoding on the right or left

side of the screen, and participants had to arbitrate between these options upon retrieval of the

items). Using such paradigms, source memory judgments could have been made by generating

the alternatives for the target item (i.e., imagining the word as being displayed on the right or

left side of the computer) and then responding based upon a sense of familiarity (i.e., generate-

to-recognize, see Taylor & Henson, 2012). In contrast, in the current experiments, a generate-

to-recognize strategy should have resulted in at least moderate rates of context word FAs: Be-

cause the related word appearing in the experiment was not necessarily the strongest associate

of the target word, some semantically-related generated associates should have been retrieved.

Therefore, the high accuracy of source memory in our paradigm might strengthen the view

that retrieval of source memory reflects recollection of the episodic event (see also [50], for a

consistent finding and a similar interpretation, utilizing conceptual priming at retrieval).

The role of propositional structure

The second major concern dealt with in the current investigation pertained to the question of

what determines whether an item and context will be integrated or not. Past demonstrations of

the congruency effect have made use of item-context pairs (in themselves, or embedded within

longer sentences) that comprise subject-predicate propositions that have the property of being

veridical or not. False or insensible propositions (e.g., “ecstatic spinach”) differ from true/sensi-

ble ones (“leafy spinach”) in two aspects. First, they violate our knowledge of the world. Second,

they are composed of semantically unrelated elements. According to our account, it is the latter

factor of semantic relatedness that constitutes the congruency phenomenon. This claim re-

ceived strong support throughout the experiments described in this article.

Specifically, in Experiment 2 we showed that a difference in memory performance of a simi-

lar magnitude could be also observed with word pairs that do not form subject-predicate prop-

ositions (e.g., “BEACH-bikini”) but rather merely have the property of being semantically

related (or unrelated). Notably, this relatedness effect was observed in a paradigm similar to

previous investigations of the congruency effect, and different from investigations of associa-

tive memory (see Introduction to Experiment 2). Thus, Experiment 2 proved the feasibility of

our semantic relatedness account. The suggestion that the advantage for true/sensible and for

semantically related items stem from the same underlying mechanism received further support

when examining the combined pattern of results from Experiments 1, 3 and 4. Experiments 1

and 4A showed that the use of a more sensitive measure of memory performance ("remember-

know" judgments) uncovers a more intricate and specific pattern of results that sub-serves the

congruency effect: this effect seems to stem from a significant advantage in the ability to recall

the encoding context, but not in an advantage of item-only retrieval (i.e., retrieval of the item

without additionally retrieving the context word). Importantly, this relatively specific pattern

of results appeared both when for true/sensible and false/insensible propositions (Experiment

1) and for related/unrelated word pairs (Experiment 3). Furthermore, a manipulation that re-

duced the overall memory performance (Experiment 4A and 4B) once again produced a similar

pattern of results for true/false propositions and for related/unrelated word pairs. Finally, a

joint analysis of Experiments 1, 3, 4A and 4B revealed that the factor of Type of Relation (i.e.,

congruency or relatedness) did not interact with neither Task (attention to semantic relations/

attention to lexical relation), Status (congruent/related or incongruent/unrelated) or with the
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combination of the two factors. This analysis provides further support to the claim the same

mechanism gives rise to the congruency and the relatedness mnemonic advantage.

Other than delineating a classic and robust memory phenomenon, we believe that the cur-

rent investigation speaks to a wider discussion in the field of learning and memory, regarding

the role of associative vs. propositional processes. Craik and Tuvling's [3] classic paper on se-

mantic congruency, depth of processing, and elaboration, (implicitly) adopted the principles of

formal-propositional logic to explain what constitutes a congruent item-context pair. Further-

more, it attempted to explain the congruency phenomenon in terms of domain-specific pro-

cesses (i.e., elaboration, distinctiveness). More recent models of memory (e.g., [26,30,51]) have

strived to provide a unified account of diverse memory phenomena by assuming that they are

the result of a basic structure of interconnected nodes that operate according to a few underly-

ing domain-general principles (e.g., the spreading of activation principle, e.g., [52,53], or the

idea that neurons/nodes that "fire together", "wire together", e.g., [54]). These models have

become triumphant in current literature, due to their relative parsimony and impressive

explanatory power.

And yet, the success of associationist theories of learning and memory does not mean that

propositional accounts of cognition have become irrelevant. For example, in the field of human

associative learning, there is an ongoing debate regarding whether our knowledge of contingen-

cies is propositional or association-based (see [55], for a review). Thus, it appears that the dia-

lectic relationship between the associationist and propositional views of knowledge may be

here to stay. Hopefully, continued research along this path might assist us in producing a more

refined and accurate understanding of memory phenomena.

What is the role of prior knowledge in memory for new experiences?

The congruency effect is a notable member of a family of memory phenomena that show that

our prior knowledge has a crucial role in the formation of new memories. In that sense, the

congruency effect might be a variant of classic studies that have shown we tend to remember

better information that is consistent with our existing knowledge schemas (see, for example,

[1,2]).

A central task of an organism is to master the structure of objects in its environment and

the contingencies that govern aversive and appetitive consequences. In order to attain this goal,

cognition must be able to identify new events as instances of existing schemas [56,57]. There-

fore, one might expect that whenever this basic impetus of cognition goes unanswered, memo-

ry will falter. From this perspective, it is clear why familiar stimuli (i.e., “yellow banana”) are

better remembered than stimuli which are incongruent with our prior knowledge, (i.e., a “pur-

ple banana”).

And yet, to efficiently and flexibly adapt to changing environments, the detection and pro-

cessing of novel events is no less important. Indeed, much work shows that humans are novel-

ty-seekers, or “Infovores” [58]. Novel items have been shown to draw our attention [59–62].

Critically, in some cases, novel items are better remembered than familiar ones (e.g. [63–66].

In the case of congruency, coming across a purple banana is a novel occurrence that may be

more informative than seeing yet another yellow banana. In light of this consideration, it could

have been expected that a purple banana will be better remembered than yet another

yellow banana.

Theories of human memory will have to improve our understanding of the complex inter-

play between the opposing forces of familiarity and novelty (for recent attempts to reconcile

this appearing tension, see [15,46,48,67]). In other words, we will have to understand the prin-

ciples that govern whether knowledge that is incongruent with an existing model of the world
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is rejected or accommodated. To that end, we believe that continued research into the congru-

ency effect may be invaluable.
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