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Run an experiment…

• Experimentation is a crucial pillar of scientific work
• Especially in the psychological disciplines (i.e., linguistics)

• Test linguistic theories, models, research hypotheses
• Choice of a methodological approach = commitment to a particular 

experimental design
• Experimental procedures are highly standardized
• Replicability 

• Experiments are becoming more popular in linguistics
• Cornerstone of psycholinguistics



Completing the cycle



Testing word memory
• Words are one of the most commonly used set of stimuli in cognitive and 

experimental psychology (Balota et al., 2007)
• Variety of different experiments
• Neuropsychology (fMRI, EEG)

• Identify brain regions of activity
• Physiological reactions (blood pressure, pupil diameter) 

• e.g. emotion words
• Cognitive/ behavioral experiments

• Word recognition
• Word production

• Behavioral experiments are popular (fewer costs, easier to recruit participants…)
• Well suited to study lexical access



What facilitates word recall? 

• models of word recognition differ in basic architecture
• Cohort Model, NAM…

• but all include mechanisms to explain why some words are identified 
more quickly and accurately than others 
• E.g. Luce, Goldinger, Auer, & Vitevitch, 2000; Luce & Pisoni, 1998)

• most well-established factor that predicts word identification accuracy 
à lexical frequency
• frequency with which the word occurs in language
• frequent words are identified more quickly and accurately than rare words 

(Brysbaert & New, 2009; Savin, 1963)



Similarity neighbors

• second factor that robustly predicts word recognition
• perceptual similarity of the stimulus word to other words in the 

mental lexicon
• models of recognition assume activation of multiple lexical candidates 

(“neighbors”) in memory
• lexical competition à candidates compete with one another for recognition

• due to lexical competition, words with many neighbors are identified 
more slowly and less accurately than words that have fewer 
neighbors (Luce & Pisoni, 1998; Vitevitch & Luce, 2016)



Interaction effects
• In addition, frequency appears to modulate the effects of lexical 

competition
• words with more high-frequency neighbors are recognized more slowly and less 

accurately than words with many low-frequency neighbors (Luce & Pisoni, 1998)

• Lexical frequency increases lexical competition
• High-frequency, dense neighborhoods à most extreme competition
• Low-frequency, sparse neighborhoods à weakest competition

• Phonetic similarity increases lexical competition
• ghost-coast vs. ghost-most



Experimentation
• To elicit the effect of a variable of interest
• While taking into account variables that are known to have an effect on 

lexical processing
• Psycholinguistics does not work without control variables! 

• Are concrete words recognized faster than 
abstract words?
• More accessible semantic concept for concrete words 
• facilitates their recognition
• Concrete: chair, table, pen….  
• Abstract: honesty, kindness… 



Hypothesis: Concreteness influences speed of 
word recognition

• Variable of interest = concreteness raWng of a word
• Measured on a scale (e.g., 0/1, or 1-5)

• Consider the effects of semanWc neighborhood density, phonological 
neighborhood density, and word frequency

• Weigh how many controls make sense

Trunk Crate Truth Grace
Lexical frequency 19.8 4.1 192.2 42.3
Sem. neighbors 5 4 52 13
Phon. neighbors 4 16 9 21

see: https://inetapps.nus.edu.sg/aelp/



Lexical decisions
• straightforward way to investigate word processing in a laboratory setting is to 

compare how words are perceived relative to pseudowords (or non-words)
• phonotactically legal in a language and could thus technically be a word, but are not 

(e.g., flyke or dobry in English)
• well-established “lexicality effect” à words are recognized more quickly and more 

accurately than pseudowords (Reicher, 1969; Taft, 1986; Wheeler, 1970)

one of the most widely used tasks that captures this effect is the 
lexical decision task (LDT) 
- participants indicate whether items are real words or not (i.e., 

they make a lexical decision)
- - in this paradigm, participants “respond as quickly and 

accurately as possible”, with the items presented auditorily or 
visually, as spoken input or print



Spoken word recognition

• Auditory lexical decision task (ALD)
• Identify if a word is a real word or a non-word (’frup’)

• Press a button (yes/no) within certain time period
• Reaction time measured from end of (auditory) presentation of word to button push

• According to hypothesis, concrete words are reacted to faster (=are 
recognized faster as real words) than abstract ones
• Test the difference in reaction times
• Statistical differences

RT concrete RT abstract

1 0.005 0.03

2 0.07 0.1

3 0.009 0.1



Example 

• hYp://www.intro2ps
ycholing.net/experi
ments/audio/aud_ex
pt_index.php



Reaction time measurements

• Measure participants’ reaction times 
in a task
• For instance, picture naming task

• picture is shown for some time –
participants have to say the name as 
quickly as possible
• after 4.5 seconds –recorded as no response

• measure time from the appearance of 
the picture on the screen to speech onset
• Specialized programs (E-Prime…)
• Speech recorder, ppt with quiet beep when 

word appears

• Relatively simple 



Auditory lexical processing paradigm
• used to study 
• basic processes in word recognition
• nature of the mental lexicon
• effects of word frequency
• neighborhood effects 

• Far & near neighbors
• various other phenomena of isolated 
word perception

• Concreteness of words
• Imagery
• Familiarity
• Age of acquisition
• Word length
• Phonotactic probabilities…



Visual word recognition

• Visual lexical decision task
• With or without frequency effects

• Decide if real or non-word
• Measure reaction time

• Focus is on printed word – graphemic analysis
à orthographic neighbors: strip – strib*

• Is the word an accurately spelled English word? 

http://www.intro2psycholing.net/experiments/audio/aud_expt_index
.php

card



Study 1: “Effects of iconicity in lexical decision”
Sidhu, Vigliocco, and Pexman, 2020, Language & Cogni8on, 12, 164-181

• relationship between the form of a word and its meaning is traditionally seen as 
arbitrary (e.g., Hockett, 1963) 
• no special link between a word’s form (i.e., its orthography, phonology, or articulation) and its 

meaning
• Language can also be non-arbitrary via iconicity: a resemblance between form and 

meaning, in which aspects of a word’s form map onto aspects of its meaning 
• phonological iconicity, wherein a word’s phonological form maps onto meaning

• Onomatopoeia (quack, boom, sizzle)
• Sound symbolism (vowels /ɪ/ and /ɑ/ associated with smallness and largeness (Lockwood & 

Dingemanse, 2015) à “shrimp” is small
• Most words fall on a spectrum from arbitrariness to iconicity

• Quack = duck in English, but different words in other languages (e.g., mac in Romanian)
• Choice of ‘quack’ is somewhat arbitrary

• study examined whether the recognition of English iconic words is facilitated in a 
population of typical adults on a visual lexical decision task



Experiment

• Visual word presentation in lexical decision task
• Iconicity ratings by Perry et al. (2015), Winter et al. (2017)

• words were rated on a scale from –5 (the word sounds like the opposite of its meaning) to 5 
(the word was highly iconic), with 0 indicating that the word was arbitrary.

• Included words in experiment: non-iconic, onomatopoeia, sound symbolism
• Control variables: length, word frequency, number of morphemes, orthographic and 

phonological similarity (distance=1 bit), age of acquisition, concreteness

• Results: iconicity confers an advantage in lexical processing
• Participants were faster and more accurate when responding to words that were higher in 

iconicity. This suggests that iconicity does provide a benefit to word recognition.

• Why? à onomatopoeia may be easier to identify as words 
• Possibly more intuitive when meaning and sound correspond
• Strong link between semantics and phonology =  boosts activation of a specific word

• Result repeated in auditory lexical decision task



Spoken word recognition

• Gating
• a spoken language stimulus is presented in segments of increasing duration 

and subjects are asked to name the word and to give a confidence rating 
after each segment
• E.g., ba--ban--band--bands
• Initial segments crucial for word recognition (Cohort Model)
• How large does the initial portion of the word have to be for recognition? 

• And for confidence in recognition

• unfavorable listening conditions place higher demands on working memory 
processing
• participants are more vigilant
• in bilinguals/ L2-learners: more cross-linguistic interference can occur

• More reliance on “fall-back” first language when speech recognition is difficult



Example 

• http://www.intro2ps
ycholing.net/experi
ments/audio/aud_ex
pt_index.php



Spoken word recogniFon
• Identification in noise

• Background noises: e.g. white noise, talkers, nature sounds…
• several different signal-to-noise ratios

• Unfavorable listening conditions
• Higher burden on lexical memory

• Easier to identify words from connected speech when background noises, but isolated words 
are harder to recognize

• Test speech intelligibility under difficult conditions
• Listeners pay more attention to signal
• Listener's decision process and response biases when speech signal is degraded

• Experiment can be done with or without confidence ratings
• With or without nonsense syllables, non-words…



Study 2: ”The differential roles of lexical and sublexical processing 
during spoken-word recognition in clear and in noise”
Strauß, Wu, McQueen, Scharenborg, & Hintz, 2022, Cortex, 151, 70-88. 

• fundamental process that underlies speech perception is translating continuous 
acoustic cues into abstract representational units that allow access to meaning
• listeners map the acoustic cues they perceive onto abstract, speech-specific sublexical

representations (e.g., phonemes)
• sublexical processing (below word level)

• listeners also map these representations onto lexical representations, and onto semantic 
representations

• Lexical frequency rate impacts on lexical representations
• Phonotactic probability impacts on sublexical representations (phonemic level)

• frequency with which a sublexical segment (e.g., a phoneme) or combinations of segments 
occur in a certain position within a word

• Study investigated whether listeners adjust their reliance on lexical- and 
sublexical-level processing in response to noise-induced uncertainty about the 
speech signal



Experiment

• Dutch participants carried out two experimental blocks
• 1. they were presented with spoken Dutch words and non-words embedded in 

speech-shaped background noise
• 2. in clear speech

• decide as quickly as possible whether the presented stimulus was an 
existing Dutch word or not, if yes: type it 
• 160 monosyllabic Dutch words, CVC structure, recognition and uniqueness 

points after the third phoneme
• Same number of non-words (non-word generator ‘Wuggy’, see Keuleers & Brysbaert, 

2010)
• words varied substantially in word frequency and phonotactic probability
• Participants carrier out lexical decision task (‘Is the spoken stimulus an 

existing Dutch word?’)



Results

• Clear speech: recognition accuracy higher and RT shorter
• Effect of lexical frequency rate in both conditions

• Reaction time increased for high frequency – increase in lexical competition
• In degraded speech signal à phonotactic probabilities play significant role

• High probability = faster lexical processing
• In masked condition sublexical processing is weighted more strongly (Mattys et al., 

2009)
• Finding:
• While lexical information (i.e., frequency) appears to play a mandatory role 

in spoken-word recognition (i.e., both in clear and in noise), phonotactic 
probability may provide a ‘helping hand’ in cases where the speech signal is 
less reliable (masked).



Visual word recogniFon
• Progressive demasking
• Word is gradually exposed from behind a mask
• i.e., the signal-to-noise ratio increases

• Perceptual identification task using degraded stimulus presentation 
procedures, but with the advantage of providing response time (RI) 
measures on each trial
• participants indicate quickly when they think they have identified the 

word and type it in
• With or without confidence ratings

• http://www.intro2psycholing.net/experiments/audio/aud_expt_index
.php



Progressive demasking

• PDM conditions slow down word recognition (Grainger and Segui, 1990)
• makes the task sensitive to factors affecting the early stages of visual word 

recognition (word length, first phoneme/letter)
• paradigm is sensitive to influence of orthographic neighborhood on word 

recognition (Carreiras, Perea, & Grainger, 1997; Grainger & Segui, 1990; 
Perea & Carreiras, 1995; Snodgrass & Mintzer, 1993; van Heuven, Dijkstra, 
& Grainger, 1998)
• ’orthographic neighbors’ are the set of different words that can be created by 

changing one letter of the word while maintaining letter positions 
• Levenshtein distance/ string distance with graphemes

• PDM task represents a pure measure of orthographic word processing (see 
Carreiras et al., 1997)
• L2 orthographic word identification (Lemhöfer et al., 2008)



• Core assumption of models of visual word recognition (e.g., Chen & 
Mirman, 2012) à competition between orthographic similar word 
representations 

• orthographic neighbors differing by one grapheme (lift - left)
• deletion neighbor à cat - at

• Many orthographic neighbors slow down lexical identification
• Neighborhood frequency effect à higher frequency neighbors are often mis-

selected
• E.g., instead of lime - line

• PMD is particularly sensitive to orthographic competition
• the higher-frequency neighbor may be selected and reported, rather than the 

word presented (Grainger & Segui, 1990)

Progressive demasking



Word production

• Picture naming
• Participants say word as fast as possible
• Remember: word production facilitated by dense neighborhood

• More accurate phonetics

• Stroop Task
• Interference in domains: meaning & color of word
• Facilitation when congruence in color and meaning
• People cannot ignore the semantic meaning of isolated words. 

• when a word appears on a screen, people recognize it as a word and 
automatically access its semantic meaning

• Tests cognitive inhibition to simultaneously recall information 
from different domains



Stroop word

• Experimental paradigm for over 70 years
• Display color is varied across trials, so that sometimes the trial is congruent (e.g., RED 

written in red ink) and sometimes it is incongruent (e.g., RED written in blue ink). 
Interference is measured by subtracting congruent from incongruent reaction times

• Any differences between congruent and incongruent trials cannot be due to lexical 
differences in the stimulus words (because they are the same)
• must be due to differences in the color’s being congruent or incongruent with the semantic 

meaning of the word, because the same words appear in the congruent and incongruent lists
• Burt (2002) demonstrated a word frequency effect

• low-frequency words produce longer color naming latencies than high-frequency words do
• slowdown to process the low-frequency words spills over to color-naming performance

• Emotional Stroop Test
• color name words which are either meaningless strings, neutral words, words indicating negative 

affect, and those indicating positive affect
• Show more or less emotional intensity of words, e.g. in L1 and L2 (“arousal effect”)



• Investigate the emotional valence of the stimuli by examining the respondents’ 
reaction time to name the colors of emotionally charged words (e.g., WAR, 
CANCER, KILL) and neutral stimuli (e.g., CLOCK, PENCIL, BOOK)
• Longer reaction time before color is named = more interference from semantics à more 

attention is paid to semantics of words (high attentional-lexical engagement)

• longer fixation = deeper lexical processing and attentional engagement 
• Assumed higher lexical engagement in L1 than in L2

• More emotional reaction to L1 words

• Negativity bias: we pay more (lexical) attention to negative events/ things
• Well-described phenomenon in psychology

Study 3: ”Visual attention and lexical involvement in L1 and L2 word 
processing: Emotional Stroop Effect”
Hamedi & Pishghadam, 2020, J Psycholing Res, 50, 585-602. 



• Task: 
Name colors as quickly 
as possible
• Meaning 

interferes
• More interference

in L1
• More lexical 

engagement in L1



Experiment
• Persian L1, English L2 (intermediate)
• different types and measures of emotional content: 

• No emotion (0), Auditory emotion (1), Visual emotion (2), Kinesthetic emotion (3), Inner 
Emotion (4), and Arch Emotion (5)

• Words controlled for word frequency, context, emotional sense
• 4 different colors were tested

• Respondents pressed the “z” key on the keyboard if the word appeared in 
red; the “x” key with their left index finger if the word was presented in 
blue, etc.
• Also possible to have respondents name the words and measure RT from presentation to 

naming 

• Results: more lexical engagement in L1
• Longer RT in L1 when emotionally charged word

• “Negativity bias”

• empirical evidence for the relationship between lexical involvement 
and semantic engagement in first and second languages





Word memory

• Recall words 
• Test short-term and long-term memory

• Present participants with a list of words or consecutive words over a few trials
• Present words in list, individually, or in pairs

• Have them record their memory (“write down all words you remember”)
• Or say them out loud
• In a certain period of time

• Phonological neighborhood density and lexical frequency facilitate word memory
• Manipulating word neighborhood frequency allows “false memory” condition

• Target word is lowest frequency within its neighborhood
• High likelihood that one of the high-frequency neighbors will be recalled

• Version: present words, then ask participants if a word was among the words
• “Was ‘clog’ among the words? 



Word frequency, neighborhood density





Cross-language neighbors



German neighbors



Concreteness ratings



Semantic neighborhood/ primes

The purpose of this WEB site is to make the largest database of free association ever 
collected in the United States available to interested researchers and scholars. More than 
6,000 participants produced nearly three-quarters of a million responses to 5,019 stimulus 
words. Participants were asked to write the first word that came to mind that was 
meaningfully related or strongly associated to the presented word on the blank shown next 
to each item. For example, if given BOOK _________, they might write READ on the 
blank next to it. 



MulFpic Database (English, German)

containing naming norms and familiarity scores for 500 coloured pictures, in thirty-two 
languages or language varieties from around the world, also graphic complexity scores
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