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What eye movements reveal about strategy encoding of words in younger and older adults
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The main goal of this study was to explore the organizational strategies used by younger and older adults when encoding words, using eye-tracking. Participants had to learn a set of organizable words and then a set of non-organizable words, each presented on a single display. Participants were then asked to recall the words of each set in the order in which they came to their mind. Hence, the participants' encoding strategies revealed by eye-tracking could be directly related to their subsequent memory performance. The results confirmed the detrimental impact of aging on memory and the weaker use of organizational strategies by older adults during the recall phase. The eye-tracking data showed that when they encode the words, older adults do not look at them for as long as younger adults, probably because of slower eye movements. They also revealed that compared to younger adults, older adults were much less able to adapt their word scanning strategy according to whether the words to encode were organizable or not. Finally, the relationships that were found between the recall scores and the eye-tracking data suggest that the eye movement pattern at learning can predict how people will recall the words.

One of the main hypotheses that was proposed to explain the age-related impairment of episodic memory states that older adults have trouble selecting and using efficient strategies during encoding and/or retrieval (for reviews, see Craik & Rose, 2012;[START_REF] Froger | How the strategic behavior modification can explain the age-related deficit in episodic memory[END_REF][START_REF] Shing | Episodic memory across the lifespan: The contributions of associative and strategic components[END_REF]. The various strategies that people use to memorize verbal or pictorial material have been largely explored (for reviews, see [START_REF] Kirchhoff | Individual Differences in Episodic Memory: The Role of Selfinitiated Encoding Strategies[END_REF][START_REF] Shing | Episodic memory across the lifespan: The contributions of associative and strategic components[END_REF][START_REF] Shing | Associative and strategic components of episodic memory: A life-span study[END_REF][START_REF] Taconnat | Executive functions, cognitive aging and strategic variations[END_REF]. However, the nature and time course of the encoding processes are often difficult to grasp because they are mostly assessed through indirect measures. Individuals are asked to report the strategies that they used during learning, or these encoding strategies are deduced from detailed examination of the memory performance. To get a more precise picture of memorizing processes, some researchers used online measures such as eye-tracking [START_REF] Loftus | Eye fixations and recognition memory for pictures[END_REF][START_REF] Tversky | Eye fixations in prediction of recognition and recall[END_REF] for reviews, see [START_REF] Foulsham | Fixation-Dependent Memory for Natural Scenes: An Experimental Test of Scanpath Theory[END_REF]Kent & Lamberts, 2008;Pazzalia, Staub, & Rotello, 2014). Surprisingly, most of the eye-tracking studies that explored people's encoding processes used pictorial material such as visual scenes (e.g., [START_REF] Sharot | Eye Movements Predict Recollective Experience[END_REF]Van der Linde, Rajashekar, Bovik, & Cormack, 2009), pictures (e.g., [START_REF] Kafkas | Recognition memory strength is predicted by pupillary responses at encoding while fixation patterns distinguish recollection from familiarity[END_REF][START_REF] Molitor | Memory-related eye movements challenge behavioral measures of pattern completion and pattern separation[END_REF] or faces (e.g., [START_REF] Henderson | Eye movements are functional during face learning[END_REF]. Only very few studies were devoted to the memorization of verbal material [START_REF] Cattaneo | Monitoring eye movements to investigate the picture superiority effect in spatial memory[END_REF][START_REF] Geiselman | Eye movements and overt rehearsal in word recall[END_REF][START_REF] Geiselman | Individual differences in verbal memory performance: A test of alternative information-processing models[END_REF][START_REF] Pazzaglia | Encoding time and the mirror effect in recognition memory: Evidence from eyetracking[END_REF][START_REF] Tversky | Eye fixations in prediction of recognition and recall[END_REF].

Hence, the present study focused on younger and older adults' encoding strategies for verbal material. As reviewed by [START_REF] Froger | Study Time Allocation Deficit of Older Adults: The Role of Environmental Support at Encoding?[END_REF] and [START_REF] Froger | How the strategic behavior modification can explain the age-related deficit in episodic memory[END_REF], basic monitoring of learning is largely spared in aging. However, many older adults fail to produce the effective encoding strategies adopted spontaneously by younger adults. In other words, they do not spontaneously use the processes that assist memorization, even though they can do so when given appropriate instructions. The main aim of this study was therefore to use eye-tracking to better understand how younger and older adults spontaneously memorized sets of words. More precisely, the experiment was designed to assess whether younger and older adults used semantic and/or subjective organizational strategies when encoding words, and whether they were able to adapt their eye movement patterns to the particular features of the verbal material.

Impact of aging on the use of organizational strategies in word learning

Organizational processes are among the most efficient means to learn and recall words when no cues are provided to facilitate retrieval. One of the main organizational strategies was first described by [START_REF] Bousfield | The Occurrence of Clustering in the Recall of Randomly Arranged Associates[END_REF], who showed that when presented with a randomlyordered list of words belonging to several categories (i.e., an "organizable" list of words), individuals tended to recall the words in categorical clusters, i.e., to recall consecutively the words pertaining to the same semantic category. Many experiments replicated this result and showed that people who spontaneously grouped the semantically related words together during recall could retrieve more words (Denney, 1974;[START_REF] Taconnat | Aging and organization strategies in free recall: The role of cognitive flexibility[END_REF].

When the words to learn are not semantically related, people can use another organizational process, i.e., subjective organization. People who use this strategy recall the same groups of unrelated words consecutively across successive trials, binding these words together by a subjective link in their episodic memory [START_REF] Tulving | Subjective organization in free-recall of unrelated words[END_REF][START_REF] Sternberg | Measurement of subjective organization in free recall[END_REF][START_REF] Howard | Contextual variability and serial position effects in free recall[END_REF]. Numerous studies demonstrated that using a subjective organizational strategy boosted the recall performance (for a review, see Davis, Klebe, Guinther, Schroder, Cornwell, & James, 2013;[START_REF] Tulving | Subjective organization in free-recall of unrelated words[END_REF].

Many authors showed that older adults do not spontaneously use subjective organizational processes as much as younger adults when learning and recalling words (Davis et al., 2013;[START_REF] Hultsch | Learning to learn in adulthood[END_REF][START_REF] Kausler | Learning and Memory in Normal Aging[END_REF][START_REF] Light | Memory and aging -Four hypotheses in search of data[END_REF][START_REF] Sauzéon | Age Differences in the Organization and Acquisition-Forgetting Processes in a Multi-Free-Recall Task[END_REF][START_REF] Stuss | Comparison of older people and patients with frontal lesions: Evidence from word list learning[END_REF]Witte, Freund, & Sebby, 1990;Witte, Freund, & Brownwhistler 1993). In contrast, there is no consensus regarding the impact of aging on semantic organizational strategies. Some studies reported that older adults can still use semantic organization spontaneously to boost their recall performance (e.g., [START_REF] Kahana | A functional relation between learning and organization in free recall[END_REF][START_REF] Kuhlmann | Aging and Memory Improvement Through Semantic Clustering: The Role of List-Presentation Format[END_REF][START_REF] Park | Effects of age and a divided attention task presented during encoding and retrieval on memory[END_REF][START_REF] Rankin | Strategy use, recall, and recall organization in young, middle-aged, and elderly adults[END_REF][START_REF] Sauzéon | Age Differences in the Organization and Acquisition-Forgetting Processes in a Multi-Free-Recall Task[END_REF]. However, other authors found a significant age-related impairment of this ability (e.g., Denney, 1974;[START_REF] Howard | Semantic priming of lexical decisions in young and old adults[END_REF][START_REF] Taconnat | Aging and organization strategies in free recall: The role of cognitive flexibility[END_REF][START_REF] West | Goal-setting, self-efficacy, and memory performance in older and younger adults[END_REF]Zivian & Darjes, 1983).

Altogether, the ability to use semantic associations would be relatively spared in older adults compared to their ability to use subjective organization [START_REF] Golomb | Effects of adult aging on utilization of temporal and semantic associations during free and serial recall[END_REF]Wingfield & Kahana, 2002). The discrepancy between the impacts of aging on these two organizational strategies suggests that these strategies rely on distinct encoding and/or retrieval processes [START_REF] Howard | When Does Semantic Similarity Help Episodic Retrieval[END_REF], and may involve different word scanning strategies at encoding.

Eye movements during encoding processes

The experiments in which eye-tracking was used to follow the encoding of pictorial material showed that eye movement measures were linked with the later performance in item recognition or recall. In particular, the number of fixations made on a picture, an object or a face during the encoding phase was a good predictor of the strength of the memory for that item [START_REF] Heisz | Females scan more than males: A potential mechanism for sex differences in recognition memory[END_REF][START_REF] Kafkas | Recognition memory strength is predicted by pupillary responses at encoding while fixation patterns distinguish recollection from familiarity[END_REF][START_REF] Loftus | Eye fixations and recognition memory for pictures[END_REF][START_REF] Pertzov | Accumulation of visual information across multiple fixations[END_REF][START_REF] Saint-Aubin | Eye movements and serial memory for visual-spatial information. Does time spent fixating contribute to recall[END_REF]Van der Linde et al., 2009).

Numerous fixations on an object or a visual scene may allow accumulation of more detailed visual information, which would be critical for the creation of a strong memory [START_REF] Hollingworth | Accurate visual memory for previously attended objects in natural scenes[END_REF][START_REF] Kafkas | Recognition memory strength is predicted by pupillary responses at encoding while fixation patterns distinguish recollection from familiarity[END_REF][START_REF] Pertzov | Accumulation of visual information across multiple fixations[END_REF].

Similar results were obtained by the few authors who used eye-tracking to examine word memorization. [START_REF] Tversky | Eye fixations in prediction of recognition and recall[END_REF] was the first one to show that more fixations on words at encoding were associated with better word recall. [START_REF] Geiselman | Eye movements and overt rehearsal in word recall[END_REF] found that when people memorized lists of words, the number of fixations made on each word, rather than their average duration, predicted the immediate recall performance. However, the "delayed" recall performance (after 15 seconds of a distracting task) was more related to the total duration of all the fixations made on this word. In a later study, [START_REF] Geiselman | Individual differences in verbal memory performance: A test of alternative information-processing models[END_REF] showed in addition that under delayed recall conditions, younger adults spontaneously increased the average duration of their fixations on words compared to immediate recall conditions, which suggests that they were able to adapt their word scanning strategy to the particular features of the memory task. Recently, [START_REF] Pazzaglia | Encoding time and the mirror effect in recognition memory: Evidence from eyetracking[END_REF] found again a positive relationship between the total time a word was fixated and the word recognition performance, whereas the average gaze duration or first fixation duration on the word did not significantly predict word recognition. Refixations of the same word may actually function as supplementary presentations of the material to be learnt, resulting in the strengthening of that word in memory. Interestingly, [START_REF] Cattaneo | Monitoring eye movements to investigate the picture superiority effect in spatial memory[END_REF], who looked at the way people memorized the location of images or words in a display, found that in contrast with the above data, the average duration of single gazes on a particular item was more critical than the number of gazes on that item in predicting the accuracy of its localization at test. More generally, the relationship between eye movements and memory may be explained by the way people focus their attention while scanning scenes, pictures or words, and by the amount of information they extract to optimize their representations in memory [START_REF] Hollingworth | Accurate visual memory for previously attended objects in natural scenes[END_REF][START_REF] Kafkas | Recognition memory strength is predicted by pupillary responses at encoding while fixation patterns distinguish recollection from familiarity[END_REF][START_REF] Ryan | Assessment of age-related changes in inhibition and binding using eye movement monitoring[END_REF][START_REF] Van Der Linden | Visual memory for fixated regions of natural images dissociates attraction and recognition[END_REF]. During the exploration of scenes or faces, eye fixations are directed toward the most salient or task-relevant features, revealing the use of feature-and context-dependent exploration strategies (for recent reviews, see [START_REF] Rayner | Eye movements and attention in reading, scene perception, and visual search[END_REF]Wu, Wick, & Pomplun, 2014). For instance, eye movement patterns can reveal how distant elements of a scene are bound together and associated in memory, and how online representations of visual scenes are built-up across viewing (e.g., [START_REF] Ryan | Assessment of age-related changes in inhibition and binding using eye movement monitoring[END_REF][START_REF] Ryan | The nature of change detection and online representations of scenes[END_REF][START_REF] Ryan | Building visual representations: The binding of relative spatial relations across time[END_REF]. In addition, both visual perception and visual search are influenced by the high-level features of objects such as their meaning and their semantic relationships (for recent reviews, see Wu et al., 2014;Yee, Overton, & Thompson-Schill, 2009). [START_REF] Hwang | Semantic guidance of eye movements in real-world scenes[END_REF] measured the eye movements of participants who were asked to memorize visual scenes in order to be able to decide afterwards if a particular object was present in the previous scene. The results revealed a preference for looking at objects that were semantically related to the currently inspected one. When searching for a particular object in each scene, participants' eye movements were preferentially guided toward the objects that were semantically related to the target. This spontaneous grouping of semantically similar objects may correspond to a semantic organizational strategy, which would allow people to memorize more details of the scene.

Only few studies examined the impact of aging on the relationship between eye movements at encoding and memory (Açik, Sarwary, Schultze-Kraft, Onat, & König, 2010;Firestone, Turk-Browne, & Ryan, 2007;Shih, Meadmore, & Liversedge, 2012a[START_REF] Shih | Using eye movement measures to investigate effects of age on memory for objects in a scene[END_REF][START_REF] Williams | Age differences in what is viewed and remembered in complex conjunction search[END_REF]. All studies showed that older adults were impaired on memory tests compared to younger adults, but the eye-tracking data were not fully consistent. Açik et al. (2010) andFirestone et al. (2007) demonstrated that when asked to scan images or faces for a fixed amount of time, older adults make more fixations and lower amplitude saccades than younger adults. As a result, the average duration of older adults' fixations was shorter than that of younger adults. In contrast, Shih et al. (2012a[START_REF] Shih | Using eye movement measures to investigate effects of age on memory for objects in a scene[END_REF] found that when asked to memorize a set of objects presented for ten seconds, older adults made fewer, longerlasting fixations on the objects than younger adults. The number of fixations and the total time spent on a given object predicted recognition accuracy for both younger and older adults.

Similarly, [START_REF] Williams | Age differences in what is viewed and remembered in complex conjunction search[END_REF] demonstrated that during a visual search task, older adults made longer fixations on the target and distractor items than younger adults, and again the total time spent on each item predicted recognition accuracy for both groups of participants.

In the two latter studies, similar results were obtained when gazes (or visits), defined as the sum of successive fixations on the same object, were considered instead of single fixations.

According to Açik et al. (2010), the apparent discrepancy between the two sets of studies may result from the different viewing tasks that were used. In the two first experiments indeed (Açik et al., 2010;Firestone et al., 2007) participants had no precise target information in memory while viewing the stimuli, which means that the participants were free to explore any part of the image. In contrast, participants in the three other studies were searching for or trying to memorize well-defined target objects, and were thus able to concentrate on particular items in the scene.

The current study

As stated above, the main goal of this study was to use eye-tracking to assess whether younger and older adults differently encoded words. All participants were asked to memorize a semantically organizable set of words belonging to several categories and a non-organizable set of words to give them the opportunity to use both the semantic and/or subjective organizational strategies. As reported in the literature, younger adults should recall more words than older adults, and all participants should recall more words from the organizable set of words than from the non-organizable one [START_REF] Bäckman | Influences of item organizability and semantic retrieval cues on word recall in very old age[END_REF][START_REF] Herlitz | Semantic organization and verbal episodic memory in patients with mild and moderate Alzheimer's disease[END_REF][START_REF] Sauzéon | Age Differences in the Organization and Acquisition-Forgetting Processes in a Multi-Free-Recall Task[END_REF][START_REF] Stuss | Comparison of older people and patients with frontal lesions: Evidence from word list learning[END_REF]. When recalling words, older adults should not spontaneously use subjective organizational processes as much as younger adults (Davis et al., 2013), but aging should have only relatively minor effects on the semantic organizational processes [START_REF] Golomb | Effects of adult aging on utilization of temporal and semantic associations during free and serial recall[END_REF].

Regarding the eye-tracking data, the scarcity of studies performed during word memorization makes it difficult to issue precise hypotheses. Nevertheless, in view of the existing literature, whether or not a word will be recalled by both younger and older adults should depend on the number of gazes and/or the total amount of time spent on that word during the encoding phase, at least for the non-organizable words [START_REF] Pazzaglia | Encoding time and the mirror effect in recognition memory: Evidence from eyetracking[END_REF][START_REF] Shih | Using eye movement measures to investigate effects of age on memory for objects in a scene[END_REF]. In addition, since in the present study participants were trying to memorize well defined items, the average duration of older adults' gazes may be longer than that of younger adults (Açik et al., 2010;Shih et al., 2012a[START_REF] Shih | Using eye movement measures to investigate effects of age on memory for objects in a scene[END_REF].

Finally, younger adults were expected to show signs of semantic and subjective organizational processes when encoding words, and to be able to adapt their scanning pattern according to the features of each set of words. As pointed out above [START_REF] Hwang | Semantic guidance of eye movements in real-world scenes[END_REF]Wu et al., 2014;Yee et al., 2009), eye movement patterns can reveal how distant elements of a display are bound together in memory. In particular, the order in which objects are scanned suggests when people spontaneously bind together semantically-related items by looking at them in succession, and thus use semantic organizational strategies to optimize learning. As reported below, both the younger and older participants in the present study had 100 seconds to memorize 20 words, and could thus fixate each word in average about ten times. This gave them the possibility to notice that the organizable set included several categories of semantically-related words, and to implement a semantic organizational strategy consisting in looking consecutively at the words pertaining to the same semantic category. They had also ample time to scan several times the same groups of non-organizable words consecutively in order to bind these words together by a subjective link in their episodic memory and use subjective organizational strategies. However, since as stated above older adults have trouble selecting efficient strategies during encoding (Craik & Rose, 2012;[START_REF] Froger | How the strategic behavior modification can explain the age-related deficit in episodic memory[END_REF][START_REF] Shing | Episodic memory across the lifespan: The contributions of associative and strategic components[END_REF], they may not be able to adapt their encoding strategy according to the features of each set of words as well as younger adults, in particular when the best choice is to use subjective organizational processes (see Davis et al., 2013).

Methods

Participants

Two groups of participants were involved in this experiment. The 39 younger adults (19 women) were 20 to 39 years old, whereas the 50 older adults (34 women) were 60 to 91 years old. The characteristics of each group of participants are presented in Table 1. All participants were native French speakers and had normal or corrected-to-normal vision. They were volunteers and signed a written, informed consent. The older participants lived at home and were recruited from leisure clubs or from "Senior Citizens' University". The younger participants were recruited from leisure clubs and through referrals by the older participants.

Participants were individually interviewed to exclude those with a history of alcoholism, undergoing treatment for psychiatric illness, or taking psychoactive medication.

The two groups were matched on their anxiety and depression scores assessed by the HADS (Hospital Anxiety and Depression Scale, Zigmond & Snaith, 1983). These variables were controlled because the level of anxiety may affect learning strategies, while depression, which is generally linked to self-evaluated health, is known to affect motivation in learning.

Verbal abilities, which may have an impact on verbal learning, were assessed with the Mill-Hill vocabulary test [START_REF] Raven | Manual for Raven's progressive matrices and vocabulary scales[END_REF]. As shown in Table 1, older adults performed better than younger ones in this task, despite their slightly lower number of years of formal education. Hence, the lower performance of older adults in memory tasks cannot be due to lower verbal aptitudes. Older adults were also screened using the Mini Mental State Examination (MMSE, [START_REF] Folstein | Mini Cognitive State: A practical method for grading the cognitive state of patients for the clinician[END_REF]. To minimize the risk of inclusion of people suffering from preclinical dementia, the MMSE cut-off was set at 27 points. Ethical approval for the research was obtained from the Psychology Department of the University of Tours. After the experiment, participants were debriefed about the general goal of the research.

[Please insert Table 1 about here]

Material

The material consisted of two sets of 20 concrete nouns, which were all 4 to 8 letters long and included 1 to 3 syllables (see Annex 1). The first one included 20 "semantically organizable" words belonging to five different semantic categories (i.e., animals, body parts, clothing, vegetables, and vehicles), and was used to assess the participants' recall performance for organizable words and the extent to which semantic organization was used during encoding and recall. The words of the five categories were selected from Marchal and Nicolas's category association norms (2003), which were collected from both young and elderly adult French speakers. Words in each category were matched according to their length, lexical frequency (Brulex database;Content, Mousty, & Radeau, 1990), and frequency of production by adults in their semantic category [START_REF] Marchal | Category generation norms for 38 semantic categories in young and older subjects[END_REF]. Their mean lexical frequency was 19.2 per million.

The second set of words included 20 "non-organizable" words (Annex 1) and was used to assess the participants' recall performance for non-organizable words and the extent to which they used subjective organization processes during encoding and recall. The words were matched with those of the organizable set with respect to length, number of syllables, concreteness, and lexical frequency.

Apparatus and procedure

The experiment was performed using a TOBII 1750 eye-tracker, which displayed the stimuli on a 17-inch monitor (resolution 768 × 1,024 pixels). The eye-tracker was controlled via a Fujitsu/Siemens laptop and measured gaze positions at 50 Hz and with a spatial precision of about .5° of visual angle. The participants sat with their heads unsupported in front of the eye-tracker screen in a natural and relaxed position. The screen was set at the viewing distance that optimised the quality of each participant's eye movement recordings.

The distance ranged from 510 to 790 mm depending on participants (M = 645 mm, SD = 75), with the result that 10 mm on the screen covered about .95° of visual angle.

After completing the anxiety and depression scales and carrying out the verbal ability tests, all participants were tested individually with both the organizable and the nonorganizable sets of words. Half of the participants in each group began with the organizable set, whereas the other half began with the non-organizable one. Participants studied the first set of words and were then asked to recall the words of that set three times as detailed below.

Then, they studied the second set of words and were asked to recall the words of this second set. Participants could relax for a few minutes between the two tests.

Before the presentation of each set of words, the eye-tracker was calibrated using a 9point calibration procedure based on fixation stimuli distributed across the entire screen.

Participants were then instructed to memorize as many words as possible of the words that were going to appear on the eye-tracker screen. They were first asked to fixate a central fixation cross. Then, the 20 words were displayed simultaneously for 100 seconds on the eyetracker screen in a way that maximised the distance between words, while avoiding horizontal or vertical alignments as far as possible (Figure 1). In the case of organizable words, care was taken to separate the words that belonged to the same category, and participants ignored beforehand that the words were semantically organizable. To avoid any impact of the spatial distribution of words, five different versions of each display were used throughout the experiment. Participants' eye movements were recorded while they memorized the words that were displayed on the screen.

[Please insert Figure 1 about here]

To avoid any recency effect, participants were asked to perform an interfering task (letter comparison task) for 45 seconds following the presentation of the words. Then, the participants were asked to recall and say aloud as many words of the set as possible.

Participants were asked to recall the words three times without seeing them again to evaluate the evolution of their memory and of the underlying organizing processes. They were asked to perform the interfering task again between each trial.

Measures and data analysis

Memory and organization of recall. The number of words from the organizable and non-organizable sets of words that were recalled on each trial was used to measure participants' memory performance. The recall performance was analyzed using a three-way ANOVA with age as a between-participant factor, and the set of words (organizable or nonorganizable) and rank of trials (first, second or third) as within-participant factors.

For the semantically organizable words, the semantic clustering of the words at retrieval was measured from the order in which the words were recalled using the "list-based semantic clustering index" (LBSCI) developed by [START_REF] Stricker | New semantic and serial clustering indices for the California Verbal Learning Test-Second Edition: Background, rationale, and formulae[END_REF]. As discussed by [START_REF] Kuhlmann | Aging and Memory Improvement Through Semantic Clustering: The Role of List-Presentation Format[END_REF], list-based clustering measures would be more representative of clustering success than output-based clustering measures such as the "adjusted ratio of clustering" [START_REF] Roenker | Comparison of measures for the estimation of clustering in free recall[END_REF]. Indeed, the LBSCI does not only consider the number of semantic category repetitions in the recall output, but also the number and size of the clusters relative to the number and size of categories on the original list (see also [START_REF] Taconnat | Aging and organization strategies in free recall: The role of cognitive flexibility[END_REF]Yu, McCall, Homayouni, Tang, Chen, Schoff, et al., 2018). A LBSCI of 0 indicates chance clustering while positive values indicate significant semantic clustering.

For the non-organizable words, the consistency in the order in which the words were recalled on different trials (i.e., subjective organization) was measured using the "pairwise frequency index" (PFI, [START_REF] Anderson | Bidirectional associations in multi-trial free recall[END_REF][START_REF] Sternberg | Measurement of subjective organization in free recall[END_REF], which assesses the proportion of word pairs recalled together across trials. The higher the score, the higher the subjective organization of recall. Because the PFI is based on the pairs of words recalled together on successive trials, only two PFI could be calculated: one between the first and second trials, and one between the second and third trials.

Both the LBSCI (for organisable words) and PFI (for non-organizable words) were analyzed using two-way ANOVAs with age as a between-participant factor and the rank of trials (first, second or third) as a within-participant factor.

Eye movement recordings. ClearView 2.7.1 software was used to record participants' eye movements on words during the encoding phase and to time slide presentations. Eye fixations were defined as any period during which the gaze stopped for 50 ms (three successive gaze points at 50 Hz) or more within a 30-pixel (about .95° of visual angle) diameter area. During encoding, a fixation was assigned to a word when it was located within 10 mm of the word, i.e. the distance covered by the participant's fovea. The few fixations that were located within 10 mm of two words were assigned to the closest one.

Fixations that were not directed within 10 mm of any word were not assigned and were removed from the analysis. Successive fixations on the same word were collapsed together as a single gaze on the word. In contrast, re-fixations of the same word after at least one fixation elsewhere in the display were counted as a second gaze on the word.

Eye movements were first analyzed using as dependent variables the total time that participants spent gazing at the words in the display, the average number of gazes made at these words, and their average duration. The data were analyzed using two-way ANOVAs with age as a between-participants factor, and the set of words as a within-participants factor.

Organization of encoding.

As stated in the introduction, the order in which objects are scanned can reveal how distant elements of a display are bound together and associated in memory. To assess whether participants used semantic organization when encoding the organizable words, and/or subjective organization when encoding the non-organizable words, the sequence of successive gazes made on the words of each set by each participant was divided in four "quartiles". Each quartile included one fourth of the participant's total number of gazes on words.

For the organizable words, semantic organization during encoding was evaluated using an eye movement-based version of the LBSCI. The idea was to use eye-tracking to evaluate the participants' tendency to gaze consecutively at the words of the same semantic category while encoding the words. This "list-based semantic clustering index at encoding" (LBSCI-Enc) was computed separately for each quartile of the sequence of gazes to check whether the use of semantic organizing processes evolved over time while participants scanned the display. The LBSCI-Enc for a given quartile was defined using the number of semantic category repetitions (R) observed in the sequence of gazes (i.e., the number of times an item from a category was gazed at just after an item from the same category) and the number of gazes made on words during the quartile (f enc ). The "list-based semantic clustering expectancy at encoding" (EXP sem-enc ) for a given quartile was defined as EXP sem-enc = ((f enc -1) (m -1)) / (N L -1), where m is the number of members of each semantic category in the set of words, and N L is the total number of words in the set. In the present study, the formula simplifies to EXP sem-enc = ((f enc -1) (4 -1)) / (20 -1) = (f enc -1) / 6.33. The LBSCI-Enc was then calculated by subtracting EXP sem-enc from R (see [START_REF] Stricker | New semantic and serial clustering indices for the California Verbal Learning Test-Second Edition: Background, rationale, and formulae[END_REF]. As for the LBSCI, a LBSCI-Enc of 0 indicates chance clustering while positive values indicate significant semantic clustering.

For the non-organizable words, the participants' use of subjective organizing processes during encoding was evaluated by computing a new eye movement-based index, the pair similarity ratio (PSR). This index, which was calculated separately for each quartile of the sequence of gazes, was used to evaluate the consistency in the order in which the words were encoded (subjective organization) during the presentation of non-organizable words. The PSR for a given quartile was defined as the ratio between two measures. The first one was the total number of pairs of consecutively gazed at words included in the sequence of gazes, which is actually the number of gazes in this part of the sequence minus one (i.e., f enc -1).

The second one was the number of pairs of consecutively gazed at words that were different from one another, without taking into account the order in which the two words were gazed at. Consider for instance the following sequence of twelve gazes made on the following words, numbered from 1 to 20: 7-1-3-6-1-3-1-3-6-1-10-1. The total number of pairs of consecutively gazed at words is 11 (i.e., 7-1, 1-3, 3-6, 6-1, 1-3, 3-1, 1-3, 3-6, 6-1, 1-10, and 10-1), but only 5 distinct pairs of words appear in this sequence (1 and 7, 1 and 3, 3 and 6, 1 and 6, 1 and 10). Hence, the PSR for this sequence is 11/5 = 2.20. Higher PSR indicate that a high proportion of words were repeatedly scanned one after the other, which suggests a more important use of subjective organizing processes during encoding.

The LBSCI-Enc (for organizable words) and PSR (for non-organizable words) were analyzed using two-way ANOVAs with age as a between-participant factor and the rank of quartiles (first, second, third or fourth) as a within-participant factor.

Results

Word recall performance

The number of words that were recalled by younger and older adults is shown on Table 2. A three-way ANOVA was performed using age, the set of words (organizable or nonorganizable) and the rank of trials (first, second or third) as independent variables. The analysis revealed main effects of age (F(1,87) = 17.53, p < .001,  p ² = .168) and of the set of words (F(1,87) = 134.91, p < .001,  p ² = .608) on the recall performance, but no significant interaction between these two factors (F(1,87) = .03, p = .86). As shown on Table 2, older participants recalled fewer words than younger participants did, and both the younger and older adults recalled more words from the organizable set than from the non-organizable one.

The recall performance decreased significantly across the three trials (F(2,174) = 8.50, p < .001,  p ² = .089), but there was no significant interaction between the rank of trials and the other factors (F < 2.46 and p > .08 in all cases). Planned comparisons demonstrated that for both the younger and older adults, the recall performance decreased between the first and the second trial (F(1,87) = 11.87, p < .001), but not between the second and third trials (F(1,87) = .49, p = .49).

[Please insert Table 2 about here]

Organization of recall

Table 2 gives for each group of participants the LBSCI, which was used to assess the semantic clustering of recall for the organizable words, and the PFI, which was used to evaluate the subjective organization of recall for the non-organizable words.

There was a main effect of age (F(1,87) = 7.47, p < .01,  p ² = .079) and of the rank of trials (F(2,174) = 4.89, p < .01,  p ² = .053) on the LBSCI, as well as a significant interaction between the two factors (F(2,174) = 7.44, p < .001,  p ² = .079). Planned comparisons demonstrated that the LBSCI increased across trials in younger adults (second versus first trial F(1,87) = 6.31, p < .05, third versus second trial F(1,87) = 6.31, p < .05), but not in older participants (second versus first trial F(1,87) = .01, p = .94, third versus second trial F(1,87) = .66, p = .42). The LBSCI was actually higher in younger adults than in older participants on the second and third trials (first trial F(1,87) = 2.95, p = .09, second trial F(1,87) = 6.56, p < .05, third trial F(1,87) = 12.89, p < .001). For both younger and older adults, there was a positive correlation between the LBSCI and the recall performance on all three trials (younger adults .85 < r < .90, p < .001, older adults .58 < r < .76, p < .001). The correlation was significantly stronger for younger adults than for older adults on the first (p < .01) and third trials (p < .01), but not on the second one (p = .20).

There was a main effect of age on the PFI used to evaluate the subjective organization of recall for the non-organizable words (F(1,86) = 9.67, p < .01,  p ² = .101) and a significant effect of the rank of trials (F(1,86) = 4.10, p < .05,  p ² = .046), but no significant interaction between the two factors (F(1,86) = 1.94, p = .17). The PFI was higher in younger adults than in older participants and among both younger and older adults, the PFI increased between the second and the third trial. In both groups of participants, there was a positive correlation between the subjective organization of recall assessed by the PFI and the recall score on both the second (younger adults r = .47, p < .01; older adults r = .62, p < .001) and third trials (younger adults r = .58, p < .01; older adults r = .58, p < .001). There was no significant difference in the strength of this correlation between younger and older adults (p > .32 for both trials)

Eye movement data

Validity and precision of eye movement recordings. The validity of participants' eye movement recordings was checked using the estimation provided by ClearView® software.

Valid data were obtained for M = 96.3% (SD = 3.1) of data points in younger adults (range 87.9 -99.9%), and for M = 92.1% (SD = 5.9) of data points in older participants (range 75.9 -99.7%). Despite the small amplitude of this difference, the validity of eye movement data was significantly higher in younger than in older participants (Mann-Whitney U = 505.0, z = -3.88, p < .001). This means that the total time spent gazing at words during encoding was artificially reduced in older participants. To ensure the accuracy of comparisons between younger and older participants, the total time spent gazing at words versus other parts of the displays or of the visual environment was expressed for each participant as a proportion of the valid recordings obtained for each set of words.

The spatial precision of participants' eye movement recordings was checked by examining the fixations recorded while participants were looking at the fixation cross that was displayed before each set of words. The average distance between the cross and the participant's fixations was M = 14.7 pixels (about .5° of visual angle, SD = 7.0) in younger adults (range 3.0 -29.5), and M = 15.7 pixels (SD = 7.6) in older participants (range 2.5 -37.5). There was no significant difference in the precision of eye movement recordings between younger and older adults (t(86) = .66, p = .51).

[Please insert Table 3 about here] Total time spent gazing at words. Table 3 gives for each group of participants and each set of words the average proportions of time participants spent gazing at the words, gazing between the words or outside the screen, and moving the eyes between gazes.

The total proportion of time spent gazing at words was higher for younger than for older adults (78% versus 73%, F(1,87) = 6.62, p < .05,  p ² = .071), but was not significantly different between the organizable and the non-organizable words (F(1,87) = 1.95, p = .17).

Conversely, the proportion of time spent gazing between words or outside the screen was slightly higher for older adults than for younger ones (4.5% versus 3.5%, F(1,87) = 4.97, p < .05,  p ² = .054). In addition, the proportion of time spent gazing between words or outside the screen was higher for the organizable words than for the non-organizable ones (4.5% versus 3.5%, F(1,87) = 13.87, p < .001,  p ² = .137). Finally, older adults spent also more time moving their eyes between gazes (i.e., making saccades) than younger adults (22.5% versus 18.5%, F(1,87) = 4.40, p < .05,  p ² = .048). The proportion of time spent making saccades did not differ between the organizable and non-organizable words (F(1,87) = .51, p = .48).

Interestingly, the size of the saccades made while encoding the words did not significantly depend on participants' age (F(1,87) = .91, p = .34). Actually, participants' average saccade size (about 5.0° of visual angle) tended to be smaller for older adults than for younger adults (M = 149 pixels, SD = 29 versus M = 158 pixels, SD = 37 for the organizable words, M = 142 pixels, SD = 35 versus M = 147 pixels, SD = 39 for the non-organizable ones). Hence, older adults spent more time moving their eyes between gazes than younger adults because of a decrease in saccadic velocity. In addition, there was a main effect of the set of words on participants' average saccade size. Both older and younger adults made longer saccades when the words were organizable than when they were not organizable (F(1,87) = 14.56, p < .001,  p ² = .143). The interaction between age and the set of words was not significant (F(1,87) = .74, p = .39).

Number and average duration of the gazes made on words. Figure 2 gives for each set of words the average number of gazes made on words and average gaze duration. For both groups of participants, neither the rate nor the average duration of gazes varied significantly over the 100 seconds study time allotted to each set of words.

[Please insert Figure 2 about here] There were main effects of age (F(1,87) = 10.96, p < .01,  p ² = .112) and of the set of words (F(1,87) = 32.32, p < .001,  p ² = .271) on the number of gazes made on words during encoding. There was also an interaction between the two factors (F(1,87) = 10.49, p < .01,  p ² = .108). As shown on Figure 2, younger participants made more gazes on words when encoding the organizable words than when encoding the non-organizable ones (F(1,87) = 35.43, p < .001), whereas the difference was not significant for older adults (F(1,87) = 3.42, p = .07). As a result, younger adults made more gazes on words than older adults when encoding the organizable words (F(1,87) = 17.62, p < .001), whereas the difference was not significant for the non-organizable words (F(1,87) = 3.34, p = .07). Interestingly, for the organizable words only, there was a positive correlation among both younger and older adults between the number of gazes made on words at encoding and the recall performance on all trials (younger adults .42 < r < .49, p < .01 in all cases, older adults .31 < r < .35, p < .05). The younger and older adults that recalled the most organizable words were those who made the highest number of gazes on each word during encoding.

Regarding average gaze durations, the analysis revealed no significant main effect of age (F(1,87) = .02, p = .88), but a main effect of the set of words (F(1,87) = 16.10, p < .001,  p ² = .156) and a significant interaction between the two factors (F(1,87) = 5.11, p < .05,  p ² = .056). As shown on Figure 2, older participants' average gaze duration was not significantly different between the two sets of words (F(1,87) = 1.75, p = .19). In contrast, younger participants made longer gazes on the non-organizable words than on the organizable ones (F(1,87) = 17.52, p < .001). Whatever the set of word, there was no significant relationship between either younger or older adults' average gaze durations and their recall performance. 4 gives the LBSCI-Enc used to evaluate semantic clustering at encoding for the organizable words, and the PSR used subjective organization at encoding for the non-organizable words. These measures were computed separately for each quartile of the encoding phase.

Measures of organization at encoding. Table

[Please insert Table 4 about here]

There was no significant effect of age on the LBSCI-Enc (F(1,87) = 1.54, p = .22), but there was a significant variation of the LBSCI-Enc across the four quartiles (F(3,261) = 5.45, p < .01,  p ² = .059). There was no significant interaction between the two factors (F(3,261) = 1.12, p = .34). Planned comparisons demonstrated that the LBSCI-Enc was lower during the first quartile of the encoding phase than during the three following quartiles (LBSCI-Enc:

F(1,87) > 4.99 and p < .05 for the three comparisons). This suggests that when learning the organizable words, participants began to use semantic clustering only during the second quartile of the encoding phase. Among younger adults, there was a significant, positive relationship between the LBSCI-Enc obtained during the third and fourth quartiles of the encoding phase and the recall performance on all trials (.32 < r < .41, p < .05 in all cases). Among older adults in contrast, there was no significant relationship between the LBSCI-Enc and the recall performance on any trial (-.09 < r < .23, p > .10 in all cases). Similarly, among younger adults, there was a significant, positive relationship between the LBSCI-Enc obtained during the third and fourth quartiles of the encoding phase and the amount of semantic clustering at recall on the second and third trials (.34 < r < .46, p < .05 in all cases), whereas this was not true among older adults (.06 < r < .20, p > .17 in all cases).

For the PSR computed for non-organizable words (Table 4), the ANOVA revealed a main effect of age (F(1,87) = 13.81, p < .001,  p ² = .137), but no significant variation across the four quartiles (F(3,261) = .35, p = .79) and no significant interaction between the two factors (F(3,261) = 1.20, p = .31). During encoding of non-organizable words, the level of subjective organization was higher for younger adults than for older adults. There was, however, no significant relationship between participants' PSR and either the PFI used to evaluate the subjective organization of recall for the non-organizable words or their recall performance.

Relationship between the eye movement data and the recall of each word

To assess whether the words that were recalled by participants were gazed at for longer times than the other words during the encoding phase, the words that were recalled by each participant were identified for each one of the three retrieval trials. The total gaze time on each word was analyzed by performing a four-way ANOVA using age, the set of words, the rank of trials (first, second or third) and the recall status of each word as dependent variables (Table 5). The analysis revealed a main effect of age (F(1,85) = 10.91, p < .01,  p ² = .114), a main effect of the recall status of words (F(1,85) = 28.51, p < .001,  p ² = .251), and a significant interaction between the recall status of words and the set of words (F(1,85) = 6.32, p < .05,  p ² = .069). In both the non-organizable set and the organizable set of words, the words that were recalled were gazed at for longer total times than those that were not recalled.

However, the total time spent gazing at each particular word influenced much more the recall status of words in the non-organizable set (F(1,85) = 27.86, p < .001) than in the organizable one (F(1,85) = 6.50, p < .05). There was no other significant interaction between the recall status of words and the other dependent variables (F < 1.98 and p > .14 in all cases).

[Please insert Table 5 about here] The longer total times spent gazing at the non-organizable words that were recalled were linked to an increase of the number of gazes made on these words, but not of their average durations. Indeed, there was a main effect of the recall status of words (F(1,85) = 17.59, p < .001,  p ² = .171) on the number of gazes, and a significant interaction between the recall status of words and the set of words (F(1,85) = 3.96, p < .05,  p ² = .045). In the nonorganizable set of words (F(1,85) = 18.60, p < .001), but not in the organizable set, the words that were recalled were gazed at more often than those that were not recalled. Average gaze durations, in contrast, did not significantly depend on the recall status of words (F(1,85) = .34, p = .56), and there was no interaction between the recall status of words and the other dependent variables (F < 1.71 and p > .18 in all cases).

Discussion

Memory performance and organization of word recall

As expected (see Table 2), older participants recalled fewer words than younger participants, and both younger and older adults recalled more words from the organizable set of words than from the non-organizable one [START_REF] Bäckman | Influences of item organizability and semantic retrieval cues on word recall in very old age[END_REF][START_REF] Herlitz | Semantic organization and verbal episodic memory in patients with mild and moderate Alzheimer's disease[END_REF]Sauzeon et al., 2006;[START_REF] Stuss | Comparison of older people and patients with frontal lesions: Evidence from word list learning[END_REF]. As expected also, the PFI indicated that older adults made less use of subjective organizational processes when recalling the nonorganizable words than younger adults (Davis et al., 2013;[START_REF] Hultsch | Learning to learn in adulthood[END_REF][START_REF] Kausler | Learning and Memory in Normal Aging[END_REF][START_REF] Light | Memory and aging -Four hypotheses in search of data[END_REF][START_REF] Sauzéon | Age Differences in the Organization and Acquisition-Forgetting Processes in a Multi-Free-Recall Task[END_REF][START_REF] Stuss | Comparison of older people and patients with frontal lesions: Evidence from word list learning[END_REF]Witte et al., 1990;1993). Nevertheless, the positive correlation between the PFI and the recall scores obtained in both groups of participants shows that using subjective organization improved the recall performance for both younger and older adults. Note that the procedure used in the present study to assess whether younger and older adults used subjective organizational strategies when recalling words was different from that used in [START_REF] Tulving | Subjective organization in free-recall of unrelated words[END_REF] study, in which the same word lists were presented multiple times in different orders and subjective organization was inferred from the consistency in recall order. The present procedure was taken from [START_REF] Sauzéon | Age Differences in the Organization and Acquisition-Forgetting Processes in a Multi-Free-Recall Task[END_REF], who compared the recall performance of younger and older adults for both semantically organizable and non organizable lists of words. Indeed, one of our aims was to compare participants' eye movement patterns on semantically organizable versus non organizable lists of words, which means that the exact same procedure had to be used for both types of list. Future research may test whether multiple presentations of the non organizable list may allow both younger and older adults to make more use of subjective organizational processes when recalling the words.

For the organizable words, both younger and older adults spontaneously used semantic clustering when recalling words. In accordance with the literature [START_REF] Golomb | Effects of adult aging on utilization of temporal and semantic associations during free and serial recall[END_REF]Wingfield & Kahana, 2002), aging had a relatively low impact on the amount of semantic organization at recall. Indeed, the older adults' LBSCI was lower than that of younger adults on the second and third trials only. However, the use of semantic clustering increased across trials in younger adults only, and the beneficial impact of semantic clustering on the recall performance (i.e., the correlation between the LBSCI and recall scores) was stronger in younger than in older adults. In sum, the word recall data were in accordance with expectations.

According to [START_REF] Kausler | Learning and Memory in Normal Aging[END_REF], older adults tend to show less-pronounced agedifferences when the words or material to recall can be meaningfully organized. In the present experiment, however, the impact of age on the word recall performance did not significantly differ between the organizable and non-organizable sets of words, in line with previous studies that compared memory for organizable and non-organizable lists of words in younger and older adults [START_REF] Sauzéon | Age Differences in the Organization and Acquisition-Forgetting Processes in a Multi-Free-Recall Task[END_REF][START_REF] Stuss | Comparison of older people and patients with frontal lesions: Evidence from word list learning[END_REF]. Hence, even though the ability to use semantic associations would be relatively spared in older adults compared to their ability to use subjective organization, this would not be sufficient to reduce the age-related memory deficit in the recall of organizable words. This fits well with the fact that, as stated above, the beneficial impact of semantic clustering on the recall performance was weaker in older adults than in the younger ones. As pointed out by [START_REF] Kuhlmann | Aging and Memory Improvement Through Semantic Clustering: The Role of List-Presentation Format[END_REF], many other moderating factors in the task environment can either foster or hinder the efficiency of older adults' strategy use and contribute to age-group differences in episodic memory (see also [START_REF] Kausler | Learning and Memory in Normal Aging[END_REF].

Impact of age on the number and duration of gazes made while encoding words

Older adults do not look at the words for as long as younger adults. One obvious finding was that even when correcting for the lower validity of older adults' eye movement recordings1 , older adults spent in total about five seconds less gazing at the words in the displays than younger adults (Table 3). Instead of gazing at the words, they spent slightly more time than younger adults gazing between the words or outside the screen, and above all they spent about four seconds more moving their eyes between gazes, i.e., making saccades. The latter result was not due to an increase in the size of older adults' saccades, nor to an increase in their number since older adults made fewer gazes on the display than younger adults, and can only be explained by a decrease in older adults' saccadic velocity. This decrease probably results from the general slowing of motor processes observed in aging people (for a review, see [START_REF] Seidler | Motor control and aging: Links to age-related brain structural, functional, and biochemical effects[END_REF], which provokes a substantial increase in the latency and duration of older adults' rapid eye movements (for a review, see Dowiasch, Marx, Einhauser, & Bremmer, 2015). Indeed, the mean and peak velocity of saccades is reduced by about 20% in older adults compared to younger ones, while saccade duration increases by about 15% (Dowiasch et al., 2015;Munoz, Brouhgton, Goldring, & Armstrong, 1998). This would be one of the main causes of the 20% increase of the time spent moving the eyes during word encoding seen in older participants.

In view of the positive relationship between the total time spent gazing at words during encoding and the word recognition performance reported in the literature (see Pazzaglia et al., 2009), the shorter total time spent looking at words by older adults may be one of the reasons for their lower memory performance. Obviously, the reduction of saccadic velocity also reflects the general degradation of physiological processes associated with brain aging [START_REF] Lu | Age-related slowing in cognitive processing speed is associated with myelin integrity in a very healthy elderly sample[END_REF], which would be the seminal cause for older adults' worse memory.

Contrary to what was observed for objects in previous studies (Shih et al., 2012a[START_REF] Shih | Using eye movement measures to investigate effects of age on memory for objects in a scene[END_REF], older adults' average gaze duration on words was not significantly longer than that of younger adults (Figure 2). The reason for this discrepancy may be that in Shih et al.'s (2012a[START_REF] Shih | Using eye movement measures to investigate effects of age on memory for objects in a scene[END_REF] studies, the set of 12 objects to memorize was presented for only ten seconds, i.e., for a much shorter time than in the present work, which means that the amount of times an object could be gazed at was very limited. In that particular situation, participants may increase gaze duration to ensure deeper processing of each item because they know they will not have much time to look at it again.

Younger adults, but not older ones, adapted their gaze behavior to words organizability. The eye movement data revealed major differences in the way younger and older adults encoded the two sets of words (Figure 2). Younger adults, but not older ones, made more gazes on words when encoding the organizable words than when encoding the non-organizable ones, which suggests that only younger adults were able to adapt their scanning strategy on spotting the semantic relationships between the words. Since in both groups of participants, the number of gazes made on organizable words at encoding was positively correlated with the recall performance, this adaptive behavior may be one of the reasons for their better recall scores. Similarly, only younger adults gazed for longer average durations at the non-organizable words than at the organizable ones. This suggests that contrary to older adults, they were able to adapt their gaze durations to the absence of any semantic link between the words, which must have helped them obtain better recall scores.

Complementary analyses were performed to assess whether during the encoding phase, participants gazed differently at the words they later recalled than at those they did not recall (Table 5). Interestingly, the data revealed a dissociation between the organizable and non-organizable words. For the non-organizable words, both younger and older adults gazed for much longer total times at the words they recalled than at the words they did not recall. In both groups, this increase resulted from the fact that participants gazed more often, but not for longer durations, at the words they recalled. In contrast, among either younger or older adults, there was no significant relationship between the overall number or average duration of the gazes made on non-organizable words at encoding and the recall performance. For the organizable words, the reverse pattern was observed. Indeed, during the encoding phase, there was only a weak difference between the total time spent gazing at the words that were recalled and the time spent gazing at those that were not recalled. However, as already stated above, there was a positive relationship among both younger and older adults between the recall performance and the number of gazes made on the organizable words at encoding. In sum, these data suggest that for the non-organizable words, whether or not a word will be recalled by a participant is determined at the word level and depends mostly on the time that the participant will spend gazing at this particular word, i.e. on the amount of processing time that will be devoted to this word. This would be true for both younger and older adults. For the organizable words, in contrast, whether or not a word will be later recalled does not depend as much on the time that the participant spent gazing at this particular word. For both younger and older adults, the recall performance would rather depend on the overall characteristics of the eye movements made while encoding the words, and more precisely on the number of gazes made on each word.

Organizational strategies of younger and older adults during word encoding

The measure of semantic organization obtained from participants' eye movements during the encoding of organizable words (LBSCI-Enc) shows that from the second quartile of the presentation of the organizable set of words, the two groups of participants began to gaze consecutively at words of the same semantic category more than when the display appeared. According to the literature [START_REF] Hwang | Semantic guidance of eye movements in real-world scenes[END_REF][START_REF] Ryan | Assessment of age-related changes in inhibition and binding using eye movement monitoring[END_REF][START_REF] Ryan | Building visual representations: The binding of relative spatial relations across time[END_REF]Wu et al., 2014;Yee et al., 2009), the order in which words are scanned reflects how participants bind together semantically-related items by looking at them in succession. Since the average duration of participants' gazes did not vary significantly over the 100 seconds study time allotted to each set of words, this suggests that after about 25 seconds of presentation of the organizable words, both younger and older adults realized that the words they were trying to memorize could be grouped in categorical clusters, and tried to encode together the words of the same category. In other words, both younger and older adults would spontaneously use semantic organizational strategies when encoding the organizable words as they do when they recall them. However, since care was taken to sufficiently separate the words that belonged to the same category when constructing the displays of organizable words, participants may not have been able to gaze consecutively at more than two or three of these words simply because of the large size of the display and the high density of words on the screen (see Figure 1). This may explain why the LBSCI-Enc was highly variable and did generally not reach highly positive values.

Even though both younger and older adults seemed to use semantic organization when encoding the organizable words, positive relationships between the eye-tracking based measures of semantic organization and each participant's recall performance was only obtained among younger adults. While the older adults' eye movements suggest that at least some of them spontaneously tried to use the semantic organizational strategy at encoding, they seemed unable to do so in an efficient way. The binding that older adults establish between words of the same category may be too weak to persist over the distracting task up until the word-retrieval phase. Alternatively, older adults may use a word repetition strategy, either instead of the organizational strategy or on top of it (e.g., [START_REF] Froger | Study Time Allocation Deficit of Older Adults: The Role of Environmental Support at Encoding?[END_REF]. This additional strategy might compete with the organizational strategy, thus reducing its positive impact on memory. Whatever the reason, the absence of impact of organization at encoding in older adults mirrors the fact that older adults benefited less than younger ones from using semantic clustering during the recall phase. This suggests that older adults do not necessarily benefit from organizational strategies as much as younger adults when they use them.

For the non-organizable words, in accordance with expectations (see Davis et al., 2013), the pair similarity ratio (PSR) revealed that younger adults used more subjective organization at encoding than older adults. For both groups of participants, the PSR did not significantly evolve over time, which strongly suggests that to scan words in the same order repetitively was a kind of default behavior for both younger and older adults who, however, would not spontaneously use it to the same extent. In accordance with this idea, there was no significant correlation between the level of subjective organization of words observed at encoding and participants' recall performance.

Synthesis and conclusions

Whether or not the words to memorize were organizable, older participants recalled fewer words than younger participants. The eye-tracking data suggest that one of the main reasons may simply be that when they encode the words, older adults do not look at them as much and for as long as younger adults, probably because of slower eye movements.

When recalling semantically organizable words, both younger and older adults spontaneously used semantic organizational processes, which allowed them to recall more words than when the words were not organizable. The eye-tracking data strongly suggest that both younger and older adults noticed the semantic relationships between the words while encoding them, and tried to use the semantic organizational strategy by gazing successively at the words from the same category. However, younger adults were apparently better able than older adults to adapt their encoding strategy to this particular feature. Indeed, only younger adults made more gazes on the organizable words than on the non-organizable ones, which may have allowed them to better assess and memorize the semantic relationships between the words. Surprisingly, whether or not older adults adapted their scanning pattern in front of the organizable words or used semantic clustering when recalling the words did not have that much impact on their recall performance. In contrast, younger adults' recall performance for the organizable words was strongly correlated with the amount of semantic clustering observed at recall, and depended significantly on their level of use of semantic organization at encoding. Altogether, the low impact of the way the words were encoded and recalled by older adults on their recall performance confirms that they do not always benefit from using organizational strategies [START_REF] Kuhlmann | Aging and Memory Improvement Through Semantic Clustering: The Role of List-Presentation Format[END_REF][START_REF] Taconnat | Aging and organization strategies in free recall: The role of cognitive flexibility[END_REF].

When recalling the non-organizable words, older adults did not use subjective organizational processes as much as younger adults, but using this type of organization had a positive impact on recall for both groups of participants. The eye-tracking data obtained at encoding revealed first that in contrast with what was observed for the organizable words, whether or not a word was recalled depended on the time that the participant, whether young or old, spent gazing at this particular word. Interestingly, only younger adults spontaneously gazed for longer average durations at the non-organizable words than at the organizable ones, which could partly explain why they recalled the non-organizable words better than older adults.

Regarding the use of organizational strategies during the encoding phase, the eyetracking data revealed that as during the recall phase, older adults did not use subjective organization of the words as much as younger adults. Nevertheless, whatever the age of participants, there was no significant relationship between the participants' recall performance and their amount of use of subjective organizational processes at encoding, which suggests that scanning words repetitively in the same order may be a kind of default behavior for all participants.

Altogether, two major results emerge from the present study. Firstly, this experiment shows that eye-tracking data may be good indices of the use of organizational strategies during the memorization of verbal items. Secondly, successful encoding of organizable words and non-organizable words rests on two different strategies. Multiplying the number of fixations in order to bind together the semantically-related words seems to be the best strategy to memorize the organizable words, whereas for non-organizable words, the most efficient strategy would be to increase the total time spent looking at each word. In addition, the data reveal that the way in which words are gazed at during encoding can predict subsequent performance in word recall.

Annex 1

Lists of the words and categories used to assess the participants' recall performance (with their English translations). 

Non

Despite the difference in recordings' validity, the precision of eye movement data was similar for both groups of participants.
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