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ANXIETY AND STATE DEPENDENCE IN PROCEDURAL MEMORY

ABSTRACT

Tarya Bardwell

New College of Florida 2013

 Procedural memory is memory of a skill that is well-rehearsed and automatic. It is used 

during many common activities, such as playing sports, playing musical instruments, and 

typing. However, performance of these skills under pressure is often negatively affected 

by anxiety. Previous work on memory has determined that when one learns something in 

a specific state, one recalls that information best when in the same state. This state-

dependent memory is effective with a variety of states, particularly with explicit memory, 

such as a list of words. How state-dependence applies to procedural tasks is less well 

understood.  The goal of this thesis was to apply state-dependent memory to procedural 

skills in hopes of reducing anxiety's negative effects on performance. To that end, skilled 

typists (40 total, 28 female, 12 male) practiced typing an unfamiliar passage in either an 

anxious or a relaxed state, and then typed the same passage again in either the same, e.g. 

anxious-anxious, or a different, e.g., relaxed-anxious, state. Participants' typing speed and 

errors did not differ across conditions, potentially because all participants relaxed over 

the course of the study.
______________________

Dr. Heidi Harley

Department of Psychology
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Procedural memory is memory for a skill that is familiar and automatic. This type 

of memory is integral to many common activities, including playing sports, playing 

musical instruments, and typing theses. Often, circumstances demand that procedural 

tasks be executed while in an anxious state. However, anxiety reduces successful and 

efficient execution of a wide array of tasks, and in some cases inhibition of these skills 

can be detrimental, e.g. driving in poor weather conditions. The ability to perform a task 

effectively relies on 1) having learned it well in the past and 2) the a

bility to retrieve it. While reducing or even eliminating anxiety for affected individuals 

may be beneficial, it is not always feasible. On the other hand, evidence indicates that 

people who learn and then recall information in the same emotional state will recall it 

better than those whose learning and recall states differ (Anderson, Einstein, and 

Ohalloran, 1989; Eich, Weingartner, Stillman & Gillin, 1975; Immink, Wright, and 

Barnes, 2012; McDaniel). This is called state-dependent learning or simply state 

dependence. Perhaps state dependence, using the anxious state in acquisition to one's 

advantage in hope of better recall, may provide a useful approach to improving 

performance under difficult conditions. The current study will investigate how 

participants respond to learning and recalling in the same anxious state. 

Implicit versus Explicit Memory for Movement

Performances of a learned task rely on procedural memory, which is implicit and 

typically results from amassed experience. However, the line between explicit and 

implicit memory can be blurry at times. In order to execute a task skillfully and 

efficiently, it needs to be explicitly understood, and then practiced until it is implicit.  For 
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example, Duke, Simmons, and Cash (2009) observed advanced piano majors in order to 

study influences on experts' acquisition of ideal timing and fluidity. Participants were 

observed while they practiced a three-measure keyboard passage until they reached target 

confidence. Participants were ranked for overall performance quality. No significant 

relationship was found between retention tests and practice time, number of total practice 

performances, or number of practice trials. Three of the 17 participants were especially 

skilled in their evenness of tone and fluidity of playing, so researchers closely watched 

the practice techniques used by these three and compared these techniques with the other 

participants.  Strategies that these individuals used with greater frequency included 

playing with hands together and practice with inflection early on when learning the new 

passage, thoughtful practice, and immediately addressing and attempting to fix errors. 

Apparently, practice strategies affected performance more than the amount of time spent 

practicing, potentially because the successful strategies supported the successful 

transition of explicit memory to implicit memory. Deliberate and conscious effort to 

incorporate tone and fluidity at an early stage made skillful piano playing automatic.

Feedback also affects memory of movement (Lee & Magill, 1985). In this study, 

participants used a sliding apparatus; they were first required to move the slide from a 

designated starting location to a target point on the track, marked by a barrier. Following 

this, the barrier was removed and the participants' new task was to move the carriage to 

the place where the barrier had previously been. The researchers concluded that 

participants' movement representation was embedded with the memory; participants 

developed feedback reliance (hitting the barrier) when learning. Since the barrier became 
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part of the memory for the movement, the movement became challenging without the 

barrier. This is an example of how aspects not necessarily required for the movement 

itself assist in memory of the movement. 

This kind of feedback reliance can be found in our daily lives. If, when reaching 

for the light switch, one finds that is suddenly absent, this is likely to give rise to explicit 

awareness of the movement and possibly change future behavior. When typing, typists 

have an implicit expectation of where the keys are. If the keys are suddenly shuffled 

around, one’s automatic motor movement no longer works, and explicit knowledge must 

be used when re-learning the new system. Because procedural motor memory results 

from familiarity with both individual movements and overall sequences, it can also be 

disrupted by changing the requirements of the sequence (Gobel, Sanchez, & Reber, 2011; 

Shanks & Johnstone, 1999). Shanks and Johnstone (1999) explored the explicit 

knowledge underlying a perceptual-motor skill by training participants on a reaction time 

task using a keyboard.  Participants responded to boxes with letters in them, presented on 

a computer monitor. At least two preceding locations were needed to predict the next 

location of a box.  Shanks and Johnstone (1999) measured reaction times and used these 

to show procedural memory. They found that a change in the sequence slowed down 

response times, indicating that participants needed more processing time to think about 

the task, making it no longer automatic. Here, with the occurrence of a change, the motor 

knowledge was no longer implicit. Manipulating a familiar task makes it novel, which 

changes whether or not knowledge is implicit or explicit. 
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Automatization of motor skills often requires learning sequences of precisely 

timed movements and perceptually cued tasks. Gobel, Sanchez, and Reber (2011) 

explored participants' acquisition of temporal and ordinal knowledge using a computer 

with a keyboard and a monitor.  For training, four gold rings (targets) were displayed to 

the 63 participants, and their task to press the correct key when a cue was centered in its 

target across 1440 trials. Later, participants performed an explicit recognition test, in 

which they were shown five 12-item sequences and had to identify whether or not they 

had practiced the sequence before. In the free recall test, the participants were told that 

there was a repeating sequence and that their job was to reproduce the sequence. 

Participants made more mistakes during the pseudorandom blocks than the repeating 

sequence blocks, which were presented immediately before and after the pseudorandom 

sequences, indicating that sequence-specific learning was used. The average recognition 

score indicated that the participants had some explicit knowledge of the sequences. In 

addition, when the sequence or the timing requirement for the sequence was changed, 

performance returned nearly to novice level. This also indicates that the participants had 

once again to rely on explicit memory. Although the motor skill had already been 

developed, a change in the sequence required explicit awareness, requiring the 

participants, on some level, to relearn the skill. For example, when typing, an expert is 

likely not only to have an implicit knowledge of where all the keys are and how to reach 

them, but also to have an implicit knowledge of entire words. These words can be 

considered procedural sequences; when confronted with a novel word the typist would 
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have to slow down in order to explicitly consider what the letters are and how they are 

ordered. Hence, both explicit and implicit processes occur in the same task.

Studying an observers' knowledge of a sequence of movements may help tease 

apart implicit sequence knowledge and individual motor movements, since the observer 

does not become physically familiar with the procedural motor movements involved. 

Dance is a form of nonverbal expression using complex phrases of movement (Opacic, 

Stevens, & Tillman 2009). Sequences may be considered “grammatical” or 

“ungrammatical”, depending on how conventionally the moves are ordered. Sequences 

that recur and develop have a specific grammatical structure.  An experienced observer 

may be able to identify a particular style based on this structure.

 Opacic, et al. (2009) studied how participants unfamiliar with dance could learn 

and recall the grammatical structures of these sequences in Australian contemporary 

dance. After participants in the exposure group observed grammatical dance, exposure 

and control groups watched and identified grammatical dance structures in a test phase. 

The exposure group was more successful at this task, with no correlation between 

confidence and accuracy, thereby suggesting that knowledge was unconscious. Hence, 

these novice observers learned dance grammar through exposure, indicating an implicit 

learning effect, without actually executing the movements; through simple observation 

participants developed implicit, non-motor memory.

Motor Skill Acquisition

According to the direct matching hypothesis, a mechanism that maps an observed 

action onto motor representations is responsible for action understanding. Flanagan & 
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Johansson (2003) hypothesized that patterns of eye-hand coordination are similar when 

performing and observing a block stacking task. In this study, 16 right handed 

participants, unaware of the purposes of the study, worked in two groups. Eight 

participants both observed and performed the block stacking task. Each trial was 

followed by an unstacking trial. Eight other participants observed the same task, but the 

demonstrator was hidden, controlling the blocks from below the work surface.

Gaze position of the right eye and the position of the tip of the right index finger 

of the participant or actor were recorded with miniature electromagnetic sensors. 

Flanagan and Johansson (2003) found that participants' gazes were predictive of an 

actor's hand, rather than reactive, in the block-stacking task. The participants' eye 

movements not only preceded the movement of the actor, but also were very similar to 

the way they moved themselves. These findings provide strong evidence for the direct-

matching hypothesis and indicate that the way we think about motion is similar when 

both executing and observing movement. 

Procedural motor skill acquisition is a complex process, affected by many 

elements, including the manner in which one practices and the amount of time spent 

practicing (Duke, Simmons, Cash, 2009; Ericsson, Krampe, & Tesch-Römer,1993), the 

amount and type of feedback received when practicing (Lee and Magill, 1985; Park, 

Shea, & Wright, 2000), and individual differences in anxiety sensitivity and attention 

control (Mesagno, Harvey, and Janelle (2012). Ericsson, Krampe, and Tesch-Römer 

(1993) conducted two studies on deliberate practice and its effects on performance. In the 

first study, 10 violin students at the Music Academy of West Berlin were chosen for their 
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potential as international soloists, and ten violin students were chosen from the music 

education department which had lower admission standards. Ten other violin students, 

who their professors called “good” violinists, also participated. Music education 

participants were assigned as “music teachers”. In addition to these groups, 10 middle-

aged violinists from two symphony orchestras in Berlin were interviewed.

Data collection procedures for the violinists were identical. First, biographical 

information was obtained, including start of practice, sequence of music teachers, 

participation in competitions, and number of hours per week spent practicing. Following 

this, participants were given instructions to respond to 10 categories of everyday 

activities and 12 categories of musical activities. They were asked to rate each on a scale 

from 0-10 in terms of relevance to improving performance on the violin, effort needed to 

perform the activity, and enjoyment of the activity. Participants also answered questions 

about practice and concentration, and recalled activities they did during the previous day.

The researchers found that the best indicator of performance was the success of 

performances at competitions. Also, the best violinists reported a mean of 128.9 min of 

music they could play without preparation, and the good violinists averaged 79.1 min in 

this category. These averages were both higher than that of the music teachers, at 42.27 

min. The participants who practiced with deliberation were the best performers.

For the second study, 12 expert and 12 amateur pianists participated in this two-

session experiment. The sessions were separated by a 7-12 day gap, during which time 

participants provided biographical information about their practice and experience. The 

task was to play a series of nine key-strokes either with one or both hands on an electric 
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keyboard. Each finger was assigned to a white key, so no lateral movement was 

necessary. Strings of nine numbers were presented, each indicating a finger. A display 

showed which numbers to play on a computer monitor, enabling the researchers to 

manipulate the complexity of hand coordination needed. Participants were given two 

blocks of practice trials, with feedback on accuracy, speed, and timing during the second 

block. The only data used were from the third block, which consisted of six trials. Near 

the end of the first session, participants began recording daily activities for seven days 

between sessions one and two in a diary. After the debriefing for the diary procedure in 

Session 2, participants gave three performances of a piece by Bach. Then they completed 

the Digit-Symbol Substitution Test (DS), which was designed to measure perceptual-

motor speed. 

A variety of factors were related to the participants' performance, but, once again, 

the most notable was deliberate practice. Ericsson, Krampe, and Tesh-Römer (1993) 

pointed out that individual differences in performers are not because of innate talent, but 

rather intense and deliberate practice over a minimum of 10 years.

Practice deliberation may result from responding properly to feedback during 

motor skill acquisition, playing a major role in the success of automization (Lee & 

Magill, 1985; Park, Shea, &Wright, 2000).  Feedback can be helpful, but too much 

guidance may also prove to interfere with making memory implicit: the guidance 

hypothesis states that too much guidance can inhibit learning. Park, Shea, and Wright 

(2000) contextualize the guidance hypothesis with a study that required participants to 

learn a static pressure task: Forty-eight undergraduate students participated in this study. 
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A device took static force measurements and transmitted these measurements to a 

microcomputer. Participants lay on a table with a computer monitor above their eyes. The 

computer displayed a target waveform first, and participants were instructed to apply the 

right amount of correctly timed pressure to match the waveform. The first group received 

concurrent feedback during each trial and viewed an overlay of their performance on the 

target waveform at the end of each trial. This group was the “100% concurrent feedback/ 

100% terminal feedback group” (100%C–100%T). The second group (50%C–100%T) 

received concurrent feedback on only half of the acquisition trials. In addition to these, 

there was the 0%C–100%T and the 100%C–0%T groups. The conditions consisted of 10 

blocks of 10 trials each. Park, Shea, and Wright found that the 50%C–100%T and the 

0%C –100%T did not significantly differ from each other, but both had fewer errors than 

the 100%C–100%T and the 100%C–0%T groups. Strong guidance effects were found for 

all the 100%C conditions, indicating that concurrent feedback actually reduced retention 

of a newly learned motor skill.

Effects of Attention

Attention affects performances among both experts (those relying more on 

procedural memory) and novices (those relying more on explicit memory). For example, 

two experiments by Beilock, Carr, MacMahon, and Starkes (2002) studied the 

relationship between attention and sensory skills. In their first experiment, undergraduate 

students with two or more years of golf experience were instructed to putt a golf ball with 

as much accuracy as they could from nine different locations. In the skill-focus condition, 

golfers were instructed to focus on the moment they finished the follow-through of their 
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swing, and to say “stop” and stop the club upon completion. In the dual-task condition, 

participants were instructed to listen to a series of tones, and say “tone” every time they 

heard a target tone and, at the same time, putt the golf ball. All participants experienced 

both the skill-focus and dual-task conditions, performing 20 putts in each. Putting 

accuracy was measured by the distance between the ball's stopping point and the target. 

Experienced golfers monitoring their putting had the capacity to pay attention to a 

secondary task, such as a tone. When instructed to attend to the stop at the end of the golf 

swing, however, even experienced golfers' performance decreased. Beilock et al. (2002) 

argued that the focus of attention directed on a specific movement may account for 

choking under pressure. 

Experiment 2 continued the investigation of attention and motor tasks, this time 

with dribbling a soccer ball. Participants were 10 novices and 10 experts and were 

instructed to dribble with either their dominant or non-dominant foot. Their task was to 

dribble a soccer ball as quickly as they could through a slalom course. In the skill-focused 

condition, the participants heard a single tone and a target word. They were instructed to 

say which side of their foot was contacting the ball when they heard the tone. In the dual-

task condition, they were required to listen to the tape of random words and repeat them 

out loud whenever they heard the target word, thorn. 

When dribbling with the dominant foot, experts performed best in the dual-task 

condition, while novices performed best in the skill-focused condition. When dribbling 

with the non-dominant foot, all participants performed best in the skill-focused condition. 

When executing a task that is not yet procedural, research indicates that optimal 
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performance is achieved by focusing on individual movements. Dribbling with the non-

dominant foot is likely non-procedural memory for everyone, but experts probably had 

dominant-foot dribbling in procedural memory. These results support previous findings 

about attention and skill acquisition. In order to achieve optimal performance, a novice 

focuses on individual movements in order to learn them, while an expert focuses on goal-

oriented aspects. 

Based on the research of Beilock, Carr, MacMahon, & Starkes (2002), researchers 

Ford, Hodges, & Williams (2005) conducted a study to compare performance of high- 

and low-skill soccer players across different levels of attentional focus. Participants were 

10 skilled and 10 non-skilled soccer players. Like the participants in Beilock et al.'s 

study, their task was to dribble a soccer ball around a slalom course. They were directed 

to do the task quickly and accurately.  There were three conditions. In the control 

condition, no attentional directions were given. In the external focus condition, 

participants were to give an indication every time they heard a single tone, randomly 

occurring on tapes, played every 6 s, or to repeat a word out loud. In the internal focus 

condition, participants paid attention to their feet and arms. For the internal skill-relevant 

condition, they were instructed to indicate which side of their foot was contacting the 

ball; for the skill-irrelevant condition, they were asked to say which arm was nearest to 

the next pylon. The dependent measures were the time taken to complete a single error-

free trial, as well as the number of errors made during other trials. Ford et al. found that 

internal foci generally reduced performance. The skilled performers were more affected 

by these tasks than the less-skilled performers. Novices were negatively affected by the 
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arm (irrelevant focus) and the skilled performers with more implicit knowledge were 

negatively affected by both the arm and foot. 

An experiment by Duke, Cash, and Allen (2011) sought to apply knowledge about 

external focus to musicians who experienced auditory feedback during their 

performances. Sixteen music students (8 males) participated in this study. All participants 

experienced all conditions. Prior to each session, participants were given verbal and 

written instructions to direct their attention to either the keys, the piano hammers, or the 

sound, depending on the condition. Each of the four conditions started with four training 

sessions, followed by a five minute delay, then a retest, then a two minute delay, and then 

a final test. Duke et al. collected data on timing and volume by measuring the intervals 

between tones and the downward key velocities. Timing affected focusing on the goal, 

but volume did not. Focus on the sound led participants to play with far more even timing 

than those who focused on their fingers. Performance differences between other foci were 

not statistically significant.

McNevin, Shea, and Wulf (2003) further explored the effects of attention on 

motor skills by testing how distance of an external focus affects performance. 

Participants balanced on a stabilometer, a platform with a fulcrum in the middle, and 

were asked to place each foot on either end of the platform and keep it as horizontal as 

possible. There were markers on the platform indicating where the feet were supposed to 

go, and markers in front of the feet, farther out and on either side of the feet, and in 

between the feet. These markers were used for three experimental external focus study 

conditions, in which the participants were instructed to focus on one of the pairs of 
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markers. The internal focus group was instructed to keep their attention on their feet. In 

order to control for visual effects, participants were asked to look straight ahead at the 

wall during the task, but mentally focus on the locations designated for their group. 

Participants were given two days of practice, during which they were reminded of where 

their focus was supposed to be. On the third day, there were seven retention trials without 

instructions or reminders.

The data were collected by measuring the boards' degrees from horizontal. The 

farther distances of the foci, the more accurate the performance. Focusing on close effects 

and focusing on the marks closest to the feet led to the poorest performance. Because this 

study was designed with practice time, McNevin, Shea, and, Wulf concluded that 

focusing on something more distal actually improved not only immediate performance, 

but also learning of a motor skill.

Some people's performance suffers when doing a task under pressure. People will 

do more poorly at a task when under pressure than they would otherwise. Possible 

reasons for this include distraction, i.e., focusing on the anxiety more than the task at 

hand, and explicit monitoring, i.e., focusing too much on the mechanics of the task. 

DeCaro, Albert, Thomas, and Beilock (2011) conducted four experiments to determine 

which, if either, of these theories explains performance for different kinds of tasks. In 

experiment one, participants completed a rule-based or information-integration category-

learning task in a single-task condition, followed by one of two types of secondary task 

conditions. One of these secondary tasks was a distracting task designed to divert 

attention, and the second was an explicit monitoring task intended to prompt attention to 
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the step-by-step components of learning. If category learning relies on explicit memory, it 

should take longer to learn that type of structure when simultaneously performing a 

distracting task than an explicit monitoring task. Roughly half the participants were 

randomly assigned to the distraction secondary task and the rest were assigned to the 

explicit monitoring secondary task.

Participants completed a category-learning task individually on the computer. 

This task required them to place each stimulus into a category (A or B) by pressing one 

of two keys. After each response, the computer displayed whether or not the participant 

was correct. Participants' performance was measured until they successfully completed 

eight trials in a row. DeCaro, Albert, Thomas, and Beilock found that rule-based learning 

led to more errors when individuals were distracted. Rule-based learning was unaffected, 

however, in the explicit monitoring condition. To see how performance was affected by 

anxiety, the experimenters added either low or high performance pressure for experiment 

two. Participants in the low-pressure conditions experienced no differences in 

performance, but those in the high-pressure conditions struggled with rule-based learning. 

In short, explicit monitoring and distraction hurt performance on different tasks.

Cued Memory

One's memory of something usually relies on some cue, whether it is some 

external context cue or an internal state of mind. These cueing effects have been studied 

by many researchers. For example, Miles and Hardman (1998) studied memory 

dependence on physiological state by asking participants to memorize lists of words, 

either while exercising or while not exercising. They found that participants remembered 
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a list of words better while doing aerobic exercise if they also learned them while doing 

aerobic exercise. In fact, participants who learned and recalled while exercising 

performed just as well as those who learned and recalled at rest.

Lang, Craske, Brown, and Ghaneian (2001) conducted a similar study of state 

dependence, this time manipulating fear. They first selected for participants who had 

spider or snake phobias. These participants learned a list of words, after either being with 

their feared animal (caged), or in a recliner and listened to calming music. The 

participants were either relaxed or aroused again prior to the recall phase, in which 

participants had to recall as many words as they could. Participants who learned the 

words in a fearful state recalled them more successfully in while in a fearful state versus 

those who learned or recalled in different states.

Eich, Weingartner, Stillman & Gillin (1975) studied state-dependent memory of 

words and word categories using marijuana. Participants memorized word-lists after 

administration of marijuana or a placebo. Participants engaged in either free-recall or 

cued-recall after either marijuana or placebo readministration. Eich, et al. (1975) found 

that recall of words was state dependent, even when encoding during the drug dissociated 

state induced by marijuana. Also, participants in cued recall conditions performed better 

than participants in free recall conditions. This research provides evidence that, even with 

states that generally decrease semantic memory (marijuana), this memory can be 

enhanced by inducing the state for both encoding and recall. This example is parallel to 

the hypothesis that anxiety, which reduces motor skill performance (Mesagno, et al., 

2012; Beilock, Carr, MacMahon, & Starkes, 2002), may actually improve motor memory 
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when anxiety is applied in a state-dependent context. If this is true for semantic memory 

and dissociation, it could be true for motor memory and anxiety as well.

State can affect motor memory. A study by Immink, Wright, and Barnes (2012) 

examined the relationship between cutaneous temperature as a contextual condition and 

motor skill acquisition. Participants were randomly assigned to one of two training 

temperature conditions (hot or cold) and then were instructed to lie down, facing a 

monitor that was mounted above them. The left forearm was placed inside the water 

sleeve which circulated either hot or cold water. For the hot water, the water was 

approximately 40o C for the hot condition and approximately 15o C for the cold. Each of 

the participants practiced a force production hand grip task for 100 trials. After 

participants rested for 40 minutes, they were randomly assigned to either a hot or cold 

training condition and a hot or cold test condition. This resulted in four training-test 

conditions: hot-hot, cold-cold, hot-cold, and cold-hot. Performance was based on the 

specification of force and error variability. As predicted, temperature changes reduced 

participants' accuracy, particularly after hot training conditions.

There are numerous studies confirming state dependence having an effect in a 

variety of recall tasks. The majority of these test explicit memory, particularly memory of 

word lists. Memory cues, however, do not always enhance recall, and looking at these 

simple word-list studies may give an over-simplistic impression of cued memory. For 

example, a study by McDaniel, Anderson, Einstein, and Ohalloran (1989) did not find 

context effects across the board. These researchers studied place dependence, a.k.a 

environmental contexts that serve to cue memory. Two different rooms were used, one 
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was full of caged rats and was not. Participants were asked to recall twenty-four 

sentences, half of which were bizarre and half of which were not. Participants saw first a 

sentence, visualized it, and then rated its vividness on a rating from 1 (clear, vivid image) 

to 5 (not very clear image). 

In the first experiment the participants were required to solve division and 

multiplication problems after listening and responding to the sentences. Participants then 

moved to their designated recall environments (either the same or different) and then 

wrote as many of the sentences as they could remember. McDaniel, Anderson, Einstein, 

and Ohalloran found that there were no advantages to returning participants to the 

original environment. In the second experiment, however, participants were asked to rate 

sentence typicality rather than visualize the sentences. This time, a context-dependency 

effect occurred. 

The procedures for a third experiment were similar to those in the previous 

experiments.  The participants in the imagery encoding conditions were instructed to give 

vividness ratings, and the participants in the nonimagery encoding conditions were 

instructed to give typicality ratings. Reinstatement of context significantly helped 

participants recall the sentences and, unexpectedly, this context-dependency had a 

stronger effect with the imagery group than the no-imagery group. This contradicts 

findings in previous experiments as well as pilot studies used by these researchers. 

Experiment 4 was designed to further examine the concept that the encoding task 

may determine the degree to which context reinstatement influences recall. Half of the 

participants were given nonimaginal instructions and half were instructed to group the 
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sentences by finding some means of relating them to each other.  In the grouped-sentence 

encoding condition, no context-dependence effects were found, but in the isolated 

sentence condition, recall was affected by context. Recall of common sentences in the 

same-environment condition was better than in then in the different environment 

condition, but the same context-dependency was not apparent for bizarre sentences.

A fifth experiment took into account the effects of self-reference encoding, with 

the hypothesis that context-dependency would not be apparent in self-reference encoding. 

The context rooms in this experiment consisted of a sparsely furnished laboratory room 

and a much larger luxurious conference room. Participants in the self-reference 

processing condition had to judge whether or not each phrase described a specific event 

or object that they had experienced. Following this, the participants were led to the other 

room or returned to the same room, depending on the condition. Then they were given a 

10 min free-recall test. 

In the self-reference task, encoding tended to be more successful when the context 

was different, than when it was the same. Based on all of their experiments, the 

researchers proposed that encoding activities that promote retrieval routes lead to a 

reduced reliance on contextual cues and the effectiveness of context-dependency. 

Context-dependency is also affected by task difficulty. Wright and Shea (1991) 

seated participants in front of a computer monitor and keyboard. The participants 

responded to a display on the screen indicating which keys to press. The display provided 

both incidental and intentional stimuli. The letters displayed were intentional, but they 

also varied in color, shape of key designations, accompanying tone, and position on the 
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screen. The participants used intentional stimuli to execute sequences when the incidental 

stimuli were not mentioned. The participants' retention was measured in three different 

conditions. In the same intentional-switched incidental condition, context from 

acquisition was reinstated. In the same intentional-switched incidental condition, 

intentional stimuli were presented with different incidental stimuli. Lastly, the no 

intentional/same incidental condition, incidental stimuli were presented without 

intentional stimuli. Participants in the same intentional/same incidental retention 

condition performed better (with less error) than those who tested in the 

intentional/switched incidental retention condition. Participants performed poorly when 

incidental stimuli were removed or changed between acquisition and recall. These results 

are an indication of context dependency for acquisition and recall, even if the participants 

may not be fully aware of their use of the incidental stimuli.

Experiment two tested the hypothesis that dependency on context decreases with 

easier motor tasks. The procedures of the first experiment were repeated, but requiring 

only three key strokes instead of four. In this case, switching or removing the incidental 

stimuli made no difference on retention performance. There was also a reduction in task 

difficulty. Because contextual differences did not affect performance in this experiment 

(unlike experiment 1), it can be concluded that easier tasks are less reliant on contextual 

cues.

Experiment three was developed not only to further test this hypothesis, but also 

to confirm reliance on contextual stimuli. The findings supported the results of the 

previous two experiments. Context dependency was moderated by difficulty. In addition, 
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contextual memory  decreased as the retention delay increased, such that the contextual 

stimuli became negligible in minutes.

A later study conducted by Wright and Shea (1991) on the effects of delayed 

versus immediate retention found that differing contextual stimuli and long delay 

between acquisition and recall negatively affected the production of the correct typing 

sequence either because contextual information was inaccessible after some time, or the 

source of information was not actively reinstated at the time of the test. In another follow-

up, half the participants experienced nine exposures of the original context before the test 

and had fewer errors for the same retention context versus the different retention context. 

State dependent memory is a nuanced effect. 

Emotion's Effects on Performance

Emotion is a state that affects memory and performance – both as a cue and 

because movement itself can be related to mood. For example, Cassanto and Dijkstra 

(2010) found a relationship between emotion and the direction of movement. In an 

experiment that involved moving marbles up or down with positive or negative 

memories, they found that participants moved the marbles fastest when upward 

movements were paired with positive memories and downward movements were paired 

with negative memories.

Emotion also has a direct effect on memory. Robinson & Compton (2006) 

conducted two studies examining the priming effects on lateral spatial attention. 

Specifically, they studied emotional significance (valence) and arousing priming effects 

on the symmetry of performance on a spatial memory task. In this study, two projectors 
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were placed behind a participant's chair and were angled downward, so that the 

participant could easily view the images. One projector displayed emotional slides and 

the other displayed dot slides. There were negative high-arousal slides, negative low-

arousal slides, positive high-arousal slides, and  positive low-arousal slides.  Participants 

were instructed to indicate the number of dots they saw by pressing buttons. Participants 

were told that they were supposed to pay attention to the slides but were not informed 

that the valence of the slides was relevant.

Dot discriminations were more accurate following positive slides than following 

negative slides. This evidence indicates that negative stimuli may interfere with a 

memory task because they are emotionally distracting. Also, responses following positive 

slides were faster than responses following negative slides. Low arousal slides led to 

faster performance for both visual field targets, but for high-arousal slides there was 

faster performance for left visual field targets. 

Anxiety also affects memory because exposure to stress can impair or enhance 

memory, attention, and executive functions. Areas of the nervous system known to react 

to stress are the hypothalamic-pituitary-adrenal axis (HPA) and the sympathetic nervous 

system (SNS) (Hidalgo, Villada, Almela, Espin, Gomez-Amor, and Salvador (2012). By 

studying the reactivity of the HPA and SNS to psychosocial stress, Hidalgo et al. also 

studied the effects this stress has on short-term implicit memory and declarative memory. 

The enzyme alpha amylase and the hormone cortisol are both linked to stress. 

Hidaglo et al. sampled these in order to test stress manipulations. Fifty-two participants 



                                    ANXIETY AND STATE DEPENDENCE                                   22

provided the initial cortisol saliva sample after five minutes in the lab. Then they received 

further instructions followed by the first salivary alpha-amylase (sAA) sample.

In the stress condition, participants were subjected to the Trier Social Stress Test 

(TSST). The stress task occurred in the presence of a two person committee, a video 

camera, and a microphone. The task was 5 min of free speech (job interview), an sAA 

sample, a 5-min arithmetic task, then another sAA sample. Following 20 mins. recovery, 

cortisol and sAA samples were taken again. Then the participants performed two memory 

tests: one for non-declarative memory and one for declarative memory. The participants 

repeated six trials, took a 30-min. break (with a cortisol test during the break), and then 

took two more memory tests. In the control condition, participants completed a task 

similar in workload to the stress task, but without the stress provocation. They read aloud 

for 5 min and counted for 5 min. The timing of the saliva samples was the same in both 

conditions. Cortisol levels increased immediately after the stress task and decreased 

during recovery, while sAA increased continually until the end of speech. Cortisol and 

sAA reactivity did not correlate with declarative memory at all. However, implicit 

memory actually improved. 

McCabe (1999) explored the relation between anxiety sensitivity and memory for 

threat words. The Anxiety Sensitivity Index (ASI; Reiss et al., Peterson & Reiss, 1992) 

identified undergraduate participants with scores half a standard deviation above or 

below the norm as high anxiety sensitivity (HAS) and low anxiety sensitive (LAS). There 

were 38 HAS participants and 36 LAS participants. Arousal, anxiety, and word type were 

each studied in relationship to each other. Each participant experienced the four word 
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types, but the arousal and anxiety manipulations varied between participants. A word list 

of 24 neutral words, 24 positive words, 24 threat words, and 24 anxiety words was used. 

McCabe (1999) used controlled breathing to manipulate arousal.  There were low and 

high arousal groups; participants in the high-arousal condition listened to a tape 

instructing them to breathe at a rate of 30 breaths/min for 5 min., after which they saw 

and rated how much they liked the words. Participants performed a word stem 

completion test to assess implicit memory and a cued recall test to assess explicit 

memory. Following these tests, participants took the Anxiety Sensitivity Index, State-

Trait Anxiety Inventory, Beck Depression Inventory, Emotionality Rating Form, and 

Visual Analogue Scales.

No group differences in word completion data were found in implicit memory for 

the four information types, but there were group differences in explicit memory. High 

anxiety participants explicitly remembered threat words better than positive, neutral, or 

anxiety words. Low anxiety sensitivity participants had better explicit memory of positive 

words, as compared to neutral, threat, or anxiety words. The link between anxiety and 

threat words suggests that, in certain situations, stress may assist explicit memory. 

However, these findings are limited by awareness, since implicit memory was unaffected 

by threat words for both HAS and LAS participants.

In other research, Bond and Omar (1990) studied state-dependent learning by 

looking at a specific recurring problem for performers, called the next-in-line effect. The 

next-in-line effect is to the inability to recall what happened just before a performance. 

This effect may be caused either by a deficit in encoding (storing information into 
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memory) or recall (accessing the memory later). Bond and Omar proposed that problems 

with recall specifically could be caused by state-dependence, and that the solution would 

be re-inducing the state that participants were in before performance. 

In this study, 95 participants were divided into 4 groups. In each group, twenty-

four numbered desks were arranged in a circle with a participant in each. A stack of index 

cards was face down on each desk, with a word on the bottom of each card. A tape 

recording played a number from one to twenty-four, every five seconds. In response to 

the number, the participant at that desk read the top index card aloud. Participants were 

told that this was a memory test and were instructed to pay attention to the words. Half 

the participants read aloud and half just listened, manipulated by the tape recording 

calling only odd or only even numbers. Then the participants were given three minutes to 

write down as many words as they could remember. Participants were also divided into 

induction and re induction groups.

There were four experimental trials, each with three phases: induction, 

reinduction, and validation. For the induction phase, half the participants read and half 

listened; and for the reinduction phase, the readers read a different set of words. All 

participants had to write the words from the induction phase while engaging in the 

reinduction phase (they had to pause their writing if their number was called). For the 

validation phase, participants wrote words from the reinduction phase in silence. 

A state that was induced when participants are next-in-line in the first phase 

would be reinduced when next-in-line for the second phase. Validation of the next-in-line 

effect takes place in the third phase. The reader conditions tested recall ability for those 
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who and to both read and listened and the listener condition tested recall ability of 

participants who only listened to the words, but did not read them out loud. Following 

these trials, participants filled out a social anxiety scale.

Bond and Omar found that participants remembered more words from the 

induction phase than the reinduction phase, which may be explained by the fact that 

participants' were attempting to retrieve a set of words and encode a separate set of words 

at the same time, straining their attentional capacities. Participants with high social 

anxiety were found to suffer from the next-in-line effect more than those who had low 

social anxiety. 

Bond and Omar proposed that the next-in-line effect is a state-dependent retrieval 

deficit, meaning that people struggle more to recall when in a relaxed state if they learned 

in an anxious one. By examining their roles (reader or listener) and the amount of social 

anxiety that was present during the reinduction phase, they could test their hypothesis. 

Since, after the first phase, half the participants took turns reading aloud and the other 

half recalled the first set of words, Bond and Omar assumed that their participants would 

be in the same state before their second performance that they experienced for their first. 

Comparing recall at the reinduction phase, Bond and Omar again found a strong next-in-

line effect for high anxiety individuals. If their state-dependence hypothesis was correct, 

however, the next-in-line effect would be reduced or eliminated for participants at 

reinduction of the anxious state. This was not the case. Participants experiencing high 

social anxiety did not recall what happened prior to performance even when anticipating 

another performance at the time of recall.



                                    ANXIETY AND STATE DEPENDENCE                                   26

Bond and Omar provided strong evidence against state-dependent memory 

affecting performance, at least for the next-in-line effect. This effect, however, was 

measured in terms of explicit, non-motor memory. How procedural memory is affected 

by anxiety in terms of state-dependence remains to be studied.

McCabe (1999) and Bond and Omar (1990) both provided evidence that explicit 

memory varies between individuals based on their sensitivity to anxiety. Mesagno, 

Harvey, and Janelle (2012) looked specifically at these differences in relation to 

procedural memory in a study of choking in skilled basketball player. Basketball players 

were chosen if they had a minimum of 5 years in a competitive basketball league and 

extreme scores on either end of the brief fear of negative evaluation- II (BFNE-II). 

Standard basketball equipment and facilities were used, with five separate shooting areas 

on a basketball court. Participant measures included age, gender, experience, highest 

level of competitive basketball played, and state anxiety via the Revised Competitive 

State Anxiety Inventory-2 (CSAI-2R). During the basketball shooting task, participants' 

accuracy and preparation time (the interval between when the participant received the 

ball to the time it was released) were measured. They were each allowed 50 shot 

attempts. Each participant took part in three phases (familiarization, low-pressure, and 

high-pressure).

For the familiarization phase, only the researcher was present. After taking the 

CSAI-R2, 10 warm-up shots and the 50 regular shots were performed. The order of 

shooting areas was randomized to reduce the chances of fatigue or practice inaccurately 

skewing the results. The low pressure phase was identical to the familiarization phase, 
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except for being called a research experiment– which was shown to make participants 

more nervous. 

For the high-pressure phase each participant received specific instructions 

designed to induce anxiety, by adding monetary incentives, a video camera, and a live 

audience. Monetary incentives increased with the number of successful shots. 

Participants were falsely told that video recordings were to be used for bio-mechanical 

analysis. Audience members were the research assistant operating the camera and four 

sports science students. With the exception of the pressure manipulation, the high-

pressure phase was identical to the familiarization and low-pressure phases.

Based on the FNE scores, Mesagno et al. (2012) determined that the anxiety 

manipulations were effective.  They found no significant change in performance between 

low- and high- pressure phases for the low-FNE group, but a significant decrease in 

performance between low- and high- pressure phases for the high-FNE group. Hence, 

choking results when people who fear negative evaluation are asked to perform under 

pressure.

The Current Study

Anxiety can have a detrimental effect on the performance of a skill (Mesagno, 

Harvey, & Janelle, 2012).  This decrement in performance could be due to a disruption of 

motor memory skills in a new state, i.e., an anxious state. Declarative memory is better 

when people recall information in the same state in which they acquired it (e.g., Eich, 

Weingartner, Stillman & Gillin,1975; Lang, Craske, Brown, & Ghaneian, 2001; Miles & 

Hardman,1998). Similarly, procedural memory was facilitated when people with cold or 
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hot skin temperatures reenacted a skill they learned when they were experiencing the 

same skin temperature (i.e., cold-cold, hot-hot) (Immink, Wright, & Barnes, 2012). Might 

practicing a skill in an anxious state reduce the likelihood of a performance decrement 

when that skill is reenacted later in an anxious state? The current study will address this 

question by having skilled typists rehearse typing a passage in either an anxious or 

relaxed state after which they will reproduce that passage again in either the same state 

(e.g., anxious acquisition- anxious recall) or a different state (e.g., relaxed acquisition-

anxious recall).
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Method

Participants

Participants were 40 (12 male, 28 female, mean age = 20.45) students at a liberal 

arts college in Southwest Florida who volunteered for the study by responding to an 

advertisement on an online forum or by talking directly to the researcher. Because 

procedural memory was the target interest, participants were selected for their typing 

skills. To qualify for participation, they had to be able to type with all ten fingers at a 

minimum of 35 words per minute (WPM).

Materials

Participants filled out the State section of the State-Trait Anxiety Index (STAI) 

and took a short survey about typing experience. See Appendix for these sources. Video 

recordings of another person and of an ant-lion digging a hole were also presented. A 

291-word excerpt from This Side of Paradise (F. Scott Fitzgerald), taken from the Project 

Gutenburg website was used for typing acquisition and recall. The excerpt was selected 

for its length; no participant was expected to type fast enough to complete it (145 WPM) . 

All activities were completed on a laptop computer.  

Procedure

In order to test the effects of state on procedural memory, anxiety was 

manipulated for two phases of the study: acquisition and recall. There were four groups 

total: relaxed acquisition-relaxed recall, relaxed acquisition-anxious recall, anxious 

acquisition-relaxed recall, and anxious acquisition-anxious recall.
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Participants were first told that the experiment was designed to study typing skills 

in college students and were asked to sign an informed consent form. Then a participant 

was assigned either to the anxiety or the relaxed condition for the acquisition phase. In 

the  anxiety condition, a participant saw a video of the a person watching a monitor and 

was told that the watcher was evaluating the participant's attractiveness. A participant in 

the relaxed condition was told that the watcher was simply another participant that the 

experimenter was  monitoring. All participants saw the same fake webcam video of the 

same person in all conditions.

In the acquisition phase, participants typed the F. Scott Fitzgerald excerpt five 

times, for two minutes each time. Participants experienced either the anxious or the 

relaxed manipulation during this phase. Then they filled out the state part of the STAI. 

Following this, participants took a typing experience survey and watched the video of the 

ant-lion in order to allow time for the mood manipulation to wear off.

Following the ant-lion video,  participants were again assigned to the anxiety or 

relaxed condition for the recall phase- the conditions were identical to those in the 

acquisition phase, i.e., the person on camera was an evaluator (anxiety condition) or 

another participant (relaxed condition). Ultimately, an equal number of participants were 

assigned to each acquisition-recall group (i.e., anxiety acquisition-anxiety recall; anxiety 

acquisition-relaxed recall, relaxed acquisition-relaxed recall, and relaxed acquisition-

anxious recall). Participants typed the excerpt one last time during this manipulation, 

again with a two minute time limit.
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Upon completion of the study, the purposes of the anxiety manipulation were 

explained in detail, and the participants were thanked for their time. 
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Results

Data from 4 of the 40 participants were omitted: one of these participant's typing 

speed was below the minimum (35 WPM) and three participants failed to answer all the 

STAI questions. Therefore, data from a total of 36 participants were used for analysis: 8 

in the relaxed-relaxed group, 9 in the anxious-anxious group, 10 in the anxious-relaxed 

group, and 8 in the relaxed-anxious group.

Acquisition

A practice effect occurred across the five acquisition trials: trial 1 (M=51.93 

WPM, SD = 11.00), trial 2 (M=54.43 WPM, SD=10.67), trial 3 (56.65 WPM, 

SD=14.60), trial 4 (M= 55.87 WPM, SD=10.90), and trial 5 (M=57.18 WPM, 

SD=11.68).
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However, as WPM increased, so did errors, indicating that as participants typed 

faster they made more mistakes: trial 1 (M=1.94 errors, SD = 1.50), trial 2 (M=1.83 

errors, SD=2.46), trial 3 (2.3 errors, SD=3.58), trial 4 (M= 2.58 errors, SD=4.18), and 

trial 5 (M=2.78 errors, SD=3.96).
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Anxiety

The anxiety manipulation did not work. An ANOVA was conducted on the STAI 

scores; the scores for the acquisition phase were not significantly higher in the anxiety 

manipulation (M=44.95, SD=11.07) than the relaxed condition (M=42.98, SD=10.31), 

t(16)=0.53, p=0.60. Similarly, STAI scores for the recall phase were not significantly 

higher in the anxiety condition (M= 38.72, SD=9.50) than the relaxed condition (M= 

37.33, SD=6.62), t(17) = 0.47, p=0.64. 
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Twelve participants had STAI scores that varied in the expected directions: 2 in 

the relaxed-relaxed group, 2 in the anxious-anxious group, 1 in the relaxed-anxious 

group, and 7 in the anxious-relaxed group. 
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Errors

An ANOVA was conducted on recall errors; average recall errors did not vary 

across the four conditions,  F (3) = 2.105, p = 0.119: relaxed(M= 2.0, SD=1.31)-relaxed 

(M=2, SD=2.3); anxious(M=4.11, SD=3.73)-anxious (M=7.11 , SD= 5.84); 

relaxed(M=1.67, SD=1.87)-anxious (M= 1.33, SD=1.73); anxious (M=3.20, SD=6.36)-

relaxed (M=3.50, SD=7.96). Because there were no significant differences, no post-hoc 

tests were conducted. A GLM procedure was also conducted on errors; no significant 

differences were found F(1)=1.94, p=.17.
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Words Per Minute

An ANOVA was conducted on recall WPM; average recall WPM did not vary 

across the four conditions, F (3) = 0.75, p = 0.53: relaxed(M=57.88, SD=16.30)-relaxed 

(M=57.40, SD=15.44) ; anxious(M=59.0, SD=7.75)-anxious (M=61.56 , SD=10.09); 

relaxed(M=50.06, SD=10.50)-anxious (M=54.06, SD=9.99) , anxious(M=60.75, 

SD=10.03)-relaxed (M=56.15, SD=8.17). Because were no significant differences, no 

post-hoc test were conducted.  A GLM procedure was also conducted on WPM; no 

significant difference was found, F(1 )=.03, p=.87.
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The WPM for participants who had predicted STAI scores showed that three of 

the four participants who were in the same conditions for both acquisition and recall 

(relaxed-relaxed and anxious-anxious) had the same WPM for both acquisition and recall. 

Four of the eight participants who were in differing conditions between acquisition and 

recall performed better during recall than acquisition.
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Discussion

The purpose of this study was to explore possible state-dependent effects of 

anxiety on procedural memory. Therefore, capable typists practiced a prose passage when 

they were anxious or when they were relaxed, and then they typed that passage again 

either in the same or different conditions.  However, the four groups did not change 

differentially across acquisition and recall. In part this may have been because everyone 

became more relaxed over the course of the experiment. People did not appear to be 

especially anxious at being evaluated. Perhaps they did not believe the cover story, or 

perhaps they became too focused on the typing task to be anxious about the evaluation. 

Some participants casually mentioned that they did not believe that the webcam 

manipulation was live, or that they were not concerned about attractiveness ratings. Being 

timed and under pressure to type quickly may have affected anxiety more than the 

anxiety manipulation.

Mesagno, et al. (2012) used multiple techniques to manipulate anxiety, including 

the use of a video camera and a live audience. They informed participants that their 

basketball performance was being analyzed on the video recordings; a manipulation that 

directly related to the task at hand (unlike attractiveness and typing). Similarly, Hidalgo 

et al. (2012) used a live audience (a panel of two), a video camera, and a microphone in 

an interview situation to manipulate anxiety. Their alpha amalyse (sAA) and cortisol 

samples indicated that these anxiety manipulations were successful.  Participants' doubt 

of the webcam in the current experiment may have been eliminated by using a live 

audience; participants would have known for sure that they were being watched.  In 
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retrospect, perhaps the experimenter could have been the “analyzer” by changing whether 

or not I looked over the participants' shoulders during typing or did something else during 

their typing.

Another technique would be to select for participants who are naturally more 

prone to anxiety. Mesagno et al. (2002) did this by selecting for participants with high-

FNE scores- these participants were more responsive to the anxiety manipulations and 

choked more than the low-FNE participants. High-FNE participants would make ideal 

participants not only due to their proneness to anxiety, but also because they are the 

people who could benefit most from state-dependent learning if it was found to work.

Participants who respond strongly to anxiety manipulations, whether due to 

stronger manipulations or natural anxiety proneness, would probably need longer 

recovery times from the manipulation than the anxiety manipulation applied here. For 

example, Hildalgo et al. (2012) used a 20 minute recovery time after the anxiety 

manipulation, and measured a decrease in cortisol, indicating that a minimum of 20 min. 

should have passed between acquisition and recall. 

Skill acquisition is difficult to study because it can take so long. Typing was an 

accessible skill, and acquisition in this study was defined as becoming more familiar with 

a passage. In future work it would be interesting to study the development of a procedural 

skill from scratch.

The effects of anxiety on attention in procedural memory needs more research 

too.  DeCaro, et al. (2011) explored the idea that anxiety causes people to focus too 

closely on a task, disrupting the procedural memory on which successful execution relies. 
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Experts were most successful when attention was distal and goal-oriented (Beilock, Carr, 

MacMahon, & Starkes, 2002; DeCaro, et al, 2011; Duke, Cash, and Allen, 2011; Ford, 

Hodges, & Williams; McNevin, Shea, and Wulf, 2003). However, these do not directly 

measure anxiety's effects on people's focus while in an anxious state, yet another 

opportunity for future work.

Another open area of investigation is the comparison of state-dependency across 

multiple procedural skills tested within the same framework. Perhaps state dependence 

varies in its effects across different kinds of skills.

The current study explored the effects of acquiring procedural memory in an 

anxious state on recall of that memory in a similar state. Unfortunately, participants were 

not anxious enough to allow us to draw conclusions about the effects of this strategy on 

choking. However, because this knowledge could improve performance in sports, music, 

and typing, as well as many other common procedural tasks, the question is worth asking 

again in future work.
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Brief Survey

1. How interesting did you find the excerpt that you typed?

Not at all Very much
1 2 3 4 5

2. Do you think that your typing skills have improved with college experience?

Not at all Very much
1 2 3 4 5

3. Approximately how much typing do you do per week?

0-2 pgs/week 3-5-pgs/week More than 5 pgs/week

4. Gender:

5. Age:

6. AOC:

7. Year in college:


