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ABSTRACT OF THESIS

READING COMPREHENSION CONSTRAINS WORD READING: A TONGUE
TWISTER STUDY BY MODERATING ATTENTIONAL CONTROL
Numerous research studies show word reading performance influences reading
comprehension. Few studies investigate how reading comprehension influences word
reading. The current study explores whether alleviating the attention required for reading
comprehension correlates with a better word reading performance. Three types of tongue
twister reading tasks that involve recall (RR), semantic priming (PP), and instructional
focus on the phonological information (PF) all have a high demand for attention on word
reading. Differently, the attention demanded by PP tasks on reading comprehension is
smaller than RR and RF tasks. Numbers of speech errors are used to manifest the variability
of these three attentional control modes. It is predicted that during tongue twister readings,
task types demanding less attention on reading comprehension will elicit fewer speech
errors. Mixed and fixed effect Poisson regression analysis with RR tasks as the comparison
foundation shows a highly significant correlation (p<.001) between total speech error
numbers and PP tasks; no significant correlations between total speech error numbers and
PF tasks. These results offer evidence that reducing the attention demanded on reading
comprehension alleviates the attentional control strain and allows better performance on
word reading. This study suggests understanding the interaction between reading
comprehension and word reading through speech errors by including executive functions
like attentional control is a hopeful direction. Improvements and future directions are
discussed in the end.
KEYWORDS: reading comprehension, word reading, speech errors, attentional control,
tongue twister
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CHAPTER 1.

INTRODUCTION

It is believed that word reading and reading comprehension are two separate and connected
units in terms of the cognitive process of reading (Perfetti et al., 2005; Kim, 2020; Hoover
& Gough, 1990; Feng et al., 2021). Their functions are moderated by domain-general skills
like working memory and attentional control. In recent years, researchers have been
investigating the association among them by finding statistical connections among
participants' executive functions and literacy-related skill evaluation scores (Spencer &
Cutting, 2021; Kim, 2020; Kibby et al., 2014; Lancaster et al., 2021; Arrington et al., 2014;
Sesma et al., 2009; Rezaei & Jeddi, 2020). Although such studies have a large participant
number, their research targets are often elementary school children or groups with readingrelated disabilities. In addition, a skill evaluation is a general and temporal estimation of
people’s ability which is not adequate to reflect dynamic interactions between executive
functions and literacy-related cognitive processing when the reading is happening. A
longitudinal study that tracks people’s reading skill development could overcome such a
shortcoming (Verhoeven et al., 2011; Nakamoto et al., 2007; Hjetland et al., 2019; Byrne
et al., 1992; Seigneuric & Ehrlich, 2005; Huemer & Mann, 2010) but most study targets
of such research are also young children with normal or abnormal reading abilities. Young
children’s cognitive process of reading could be different from adults’ (see review in Gao
et al., 2016), therefore it is also important to create conditions to study adults’ dynamic
cognitive processing of reading, which is what my current research focuses. Meanwhile,
there is rich research about how word reading influences reading comprehension on
diversified participants (Garcia & Cain, 2014; Keenan et al., 2008; Kendeou et al., 2009;
Perfetti & Hogaboam, 1975; Savage, 2006). Although the influence from reading
comprehension to word reading has been mentioned here and there by scholars who
attempted to propose a reading model (Perfetti et al., 2010), an empirical experiment that
can zoom in the influence from reading comprehension to word reading is rare. Hence, the
current research aims to study how reading comprehension influences word reading via
moderating attentional control in adults with no reading disabilities.
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CHAPTER 2.
2.1

LITERATURE REVIEW

Word reading, reading comprehension, and attentional control

Word reading in this research refers to the process from seeing words to saying words out.
This process involves both effortless (e.g., sight word recognition: Radach et al., 2008;
Munger et al., 2016; Levy, 1978) and effortful (e.g., decoding: Perfetti et al., 2010;
Aarnoutse et al., 2001; Ziegler et al. 2014; Dietz et al., 2005; Wentink et al., 1997)
processes. Reading comprehension involves a series of cognitive processes such as
integrating and inferencing the text and monitoring the coherence of the generated
representations of text (Cain et al., 2004; Perfetti et al. 2005; Fletcher, 2006; Cutting &
Scarborough, 2006). Attentional control, also called inhibitory or interference control
(Nigg, 2000), refers to cognitive processes that execute the initiated behavior and inhibit
other disturbing or less relevant behaviors (Conners, 2009). It taps on both automatic and
effortful processes. Skilled readers often read effortlessly unless the reading materials (e.g.,
text difficulty), readers themselves (e.g., emotion), or environments (e.g., noise) change
and cause them monitoring or modifying their behaviors consciously, for example,
controlling their attention (Norman & Shallice, 1986).
Although how word reading and reading comprehension interact with each other remains
contentious, researchers agree that literacy-related reading processes—word reading and
reading comprehension—are two separate and connected events (Perfetti et al., 2005).
Attentional control is a separate reading component that monitors and facilitates the
functions of these two events (Gough & Tunmer, 1986; Sesma et al., 2009). Reading
comprehension can be hampered by low ability in word reading as it costs too many
cognitive resources that should be devoted to reading comprehension (Perfetti & Hart,
2002). People who are less skilled in reading comprehension perform worse on
understanding the materials even if their word reading skills match their peers (Spencer, &
Wagner, 2018); people who have Attentional Deficit Hyperactivity Disorder perform
worse in reading-related tasks than their healthy peers (Banich et al., 2009; Mason et al.,
2005).
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In summary, less-skilled reading comprehension consumes more cognitive resources than
it should. The extra cognitive resource that reading comprehension consumes should be
allocated to word reading by automatic and effortful attentional control if the reading is
smooth and successful (Samuels, 1981). Attention is one of the cognitive resources whose
capacity is limited, and its allocation to word reading and reading comprehension falls in a
ratio range for successful reading. Such a ratio range is dependent on individual’s cognitive
capabilities. However, if there is an issue with readers’ word reading or reading
comprehension abilities or functions, namely the attention allocation ratio range falls out
of the successful attention allocation ratio range, the cooperation between reading
comprehension and word reading could be glitchy. Some overt manifestations of such a
glitch are speech errors, lowered reading speed, and mistakes in recalling the content of
reading materials.
2.2

Tongue twisters, semantic priming, and instructional focus tasks

The Tongue Twister effect refers to readers’ prolonged reading time after silently or orally
reading text that starts with the same onset phoneme (McCutchen & Perfetti, 1982). Tongue
twister reading and its by-product speech errors have been used as tools to manifest the
cognitive progress of language processing. For example, some researchers utilize tongue
twister reading to probe the function of verbal working memories and the relationship
between decoding and comprehension (Leong et al., 2008; Keller et al., 2003).
Psycholinguists summarize the type of speech errors in speech production and reading
based on their features and causes such as phonemic, morphological, and syntactical
characteristics of reading materials (Boomer & Laver, 1968; Eysenck & Keane, 2020). By
analyzing the characteristics of speech errors and calculating their numbers, researchers
could find the connection between speech errors and cognitive processing functions
(Netelenbos et al., 2018; Engelhardt et al, 2013; Dodd, 2011; Mandal et al., 2020).
When reading tongue twisters, readers’ comprehension and memorization of the content
could be hampered; their recall of the content is less precise than for texts without tongue
twister effects. (Keller et al., 2003; Zhang & Perfetti, 1993; McCutchen et al., 1991). To
recall the content of the text, people rely on linguistic-related cues such as phonological,
3

syntactical, and semantical features of sentences and other cues like personal experience.
The phonological features of tongue twisters are arranged abnormally in comparison with
the majority of the reading materials people browse. Such a phonological abnormality
means a large portion of attention will be allocated to word reading by attentional control.
If readers are expected to recall the text content after reading, they face even greater
challenges on attentional control. Since the attentional control can be further challenged, it
can also be alleviated. For instance, through priming techniques to reduce the attention that
reading comprehension needs.
Priming refers to a phenomenon where the exposure to a previous stimulus influences the
response in a subsequent stimulus without conscious guidance or intention (Weingarten et
al., 2016; Fukawa, 2016). A stimulus that is designed for priming the subsequent semantic
processing can reduce the load of higher cognitive resources demanded for reading
comprehension (La Heij et al., 1990; Sperber et al., 1979). In a tongue twister reading
scenario, where a large portion of attention will be allocated to word reading due to the
abnormal phonological features of tongue twister text, doing a priming task before reading,
for instance, looking at a few pictures related to the upcoming reading content, could
reduce the attention that reading comprehension demanded and, therefore, relieve the
attentional control challenge. If this is true, then we might see readers perform better in
word reading with reduced or even none speech errors.
If creating a priming condition (where there is no conscious guidance) might potentially
relieve the attentional control challenge, could intentionally instructing readers to only
focus on word reading achieving a similar result? Perfetti et al. (2005) said instructing
readers to focus could not improve readers’ reading performance. Lavie et al. (2004)’s load
theory suggests that the distractor’s interference with the target activity increases when
cognitive control (e.g., attentional control) load is high. The act of following an instruction
may raise attentional control needs and increase the distractor’s (i.e., reading
comprehension) interference with the target activity of word reading.
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In summary, tongue twister, semantic priming, and instructional focus tasks require various
attention allocation strategies (i.e., attentional control) in reading. Studies related to these
keywords have inspired the experiment design of the current study. This study aims to
explore the interactions between word reading and reading comprehension with an
emphasis on how reading comprehension influences word reading when the higher
cognitive function attentional control is included as a moderator. Its experiment contains
three types of tongue twister reading tasks where the requirement of attentional control is
various. The speech error number is used to manifest such variabilities.
This thesis aims to explore the following research question: Whether alleviating the
attention required for reading comprehension could witness an improved word reading
processing when the demanded attention on word reading is high. The prediction of
experimental results for the research question is that alleviating the attention required for
reading comprehension could witness an improved word reading processing when the
attention required for word reading is high. The improved word reading processing is
overtly manifested by the smaller number of speech errors.

5

CHAPTER 3.
3.1

STUDY DESIGN

Experiment Design

The entire study has two components–reading tongue twisters aloud based on different task
instructions and completing a post-experiment survey that collects participants’ language
background. The tongue twister reading experiment records readers’ reading, calculates
readers’ speech error numbers, and categorizes speech errors. By comparing the speech
error numbers under different attentional control modes (each task represents an attentional
control mode) for the attention allocation on word reading and reading comprehension, the
researcher is able to deduct the interactions between word reading and reading
comprehension. The reason for collecting readers’ language background information in the
post-experiment survey is some research shows multilingual speakers have more
advantages on executive functions over monolingual speakers (Antoniou et al., 2015;
Schroeder & Marian, 2012). Although such a claim is contentious (Antón et al, 2014; Paap
& Greenberg, 2013), it is possible that multilingual speakers might make fewer speech
errors than monolingual speakers and skew the statistical analysis if their language
background is not considered as a covariate. However, exploring whether being exposed
or able to speak another language other than English could result in a different speech error
eliciting status across task types is not the focus of this study. The current study is dedicated
to exploring whether alleviating the attention required for reading comprehension could
witness an improved word reading processing when the required attention for the word
reading is high by comparing the number of speech errors made in different attentional
control modes where the requirements of attention on reading comprehension are various.
There are three types of tasks in the reading experiments – Read and Recall (RR), Picture
Priming (PP), and Phonological Focus (PF). All the types of tasks have the common
requirement of reading the tongue twister sentence aloud right away as fast as possible
when it appears on the screen. RR tasks ask readers to recall the content after completing
the tongue twister reading. PP tasks show three pictures that visualize three words of the
upcoming tongue twister sentence before reading. Pictures are played automatically on the
screen one by one with an interval of 5 seconds. PF tasks give instructions to participants
6

before reading to focus on pronunciation precision and ignore the content of the tongue
twister sentences.
Each task contains a sentence that is composed of 11 to 15 English words. Compared to
reading a tongue twister paragraph, reading a tongue twister sentence has a lower
requirement on participants’ domain-general and literacy-related skills. Except for the
word ‘Peking’, all the composed words are frequently used daily based on the definition of
the Oxford English Dictionary (Oxford University Press, n.d.). Contents of sentences are
daily topics (See Figure 2 for complete sentences in the experiment). Each sentence
contains 9 different words with the voiceless bilabial plosive [p] as the onset. For example,
‘Petite Penny peeks at pretty Patty’s party for panicked peeing puppies’. The syntactical
structure of each sentence is similar. A speech error can be made due to complicated
literacy-skill-related or domain-general-skill-related reasons. The design considerations
mentioned above tried to avoid speech errors that might be elicited by rare words,
significantly different syntactic structures, different numbers of words starting with [p],
and different tongue twister stimuli other than [p]. Each word with onset [p] only appears
once ensuring that readers will not have chance to learn to pronounce certain repeated
words effortlessly. Ideally, differences in numbers of speech errors are only being elicited
because of different attentional control modes (each task corresponds with an attentional
control mode).

RR tasks are control tasks. PP and PF tasks are experimental tasks. All three types of tasks
require a high resource of attention on word reading because of the phonological features
of sentences that can elicit tongue twister effects. The three tasks have various requirements
for attention on reading comprehension. RR tasks require the highest amount of attention
on reading comprehension, because expecting to recall the content means participants will
consciously devote attention to it. PP tasks require the lowest amount of attention on
reading comprehension. Three pictures that represent the meaning of three words from the
subsequent sentence create a semantic priming effect on participants’ reading and reduce
the load of attention needed to be devoted to reading comprehension. The attention
resource requirement on reading comprehension of PF tasks is greater than PP but whether
7

its amount is greater or smaller than RR tasks is undetermined. Its undetermined
requirement for attention on reading comprehension is not an issue for this study because
the purpose of designing PF tasks is to diversify attentional control modes. Instructing
participants to focus on pronunciation precision may not be helpful to readers in terms of
inhibiting the reading comprehension and focusing on word reading. Such an instruction
may increase the capacity of cognitive processing and increase the distractor (i.e., reading
comprehension)’s interference with the target (i.e., word reading) according to Lavie et al.
(2004)’s load theory (see the Figure 1 below). In summary, the high requirement of
attention resources on word reading in these three tasks and various attention resource
requirements on reading comprehension determine that participants’ attentional control
mode for word reading and reading comprehension is different across task types. It is
expected that the less the reading comprehension requires the attention resource, the less
interference it is with word reading, namely the less challenging the attentional control is.
Therefore, fewer speech errors shall be observed. It is predicted that (1) PP tasks shall
include the least number of speech errors. (2) The number of speech errors of RR and PF
tasks shall be greater than PP tasks. (3) Due to the fact that the difference in the attention
demanded for reading comprehension between PF and RR tasks is not theoretically
deducible, and PF tasks could potentially increase the attentional control challenge based
on Lavie et al. (2004)’s load theory, the number of speech errors in PF tasks may be no less
than in RR tasks. This prediction of the relative level of attention required for word reading
and reading comprehension in each of the three experimental task types is summarized in
Figure 1 below.
RR

PP

PF

Word Reading: H

Word Reading: H

Word Reading: H

Reading Comprehension: H

Reading Comprehension: L

Reading Comprehension: > PP

3.1.1.1.1.1.1.1
Figure
1 Attention
Demanded
Process Word
ReadingComprehension
and Reading Comprehension
Figure
1 Attention
Demanded
to Process
WordtoReading
and Reading
in Different
Types of Tasks
in Different Types of Tasks

It is almost impossible to create a priming effect on word reading or reading comprehension
to reduce the attention resource demanded for each of these processes separately during
reading. The reasons include the idea that word reading and reading comprehension are
two connected events (Kim, 2017; Hoover & Gough, 1990). In addition, a word is stored
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in memory in a format where all of its phonological, morphological, and semantic
information is connected (Perfetti et al., 2010). Stimulating one linguistic feature of the
word could evoke other linguistic information of the word. However, compared to using
audio or writing formats of the words to prime the reading comprehension, which offers
direct phonological information to word reading, picture hints create much fewer
phonological priming effects on word reading. Meanwhile, although seeing picture hints
could not avoid phonological priming effects on word reading completely, its phonological
priming effects are minor and do not influence the various attention demands on reading
comprehension that different tasks create. Using the speech error numbers generated in
different tasks, where attention allocation needs on reading comprehension are various, to
study the interactions of the word reading and reading comprehension is the core concept
of the experiment design. Without prior knowledge of the syntactic structure of the tongue
twister sentence, participants still need to allocate much of the attention to word reading.
On the other hand, three pictures could offer only 33% 1 clues of the upcoming words
containing the onset [p], which further limits phonological priming effects that picture
priming might bring on word reading.
Since this experiment does not measure participants’ domain-general and literacy-related
skills, seeing three pictures reduces the chance that seeing too many pictures might
overload participants’ working memory because most adults’ central memory limit is
between 3 to 5 meaningful items (Cowan, 2010). The overload of participants’ working
memory could result in speech errors (Farquharson et al., 2018 Baddeley & Hitch, 1974),
which could diminish the semantic priming effect aimed to alleviate the attention needed
on reading comprehension. The design of a 5-second interval is adequate for adult
participants to capture the information even if they face mental pressure during the
experiment. The interval is considered to be short enough to not distract participants’
attention or discourage their patience in continuing the research (Antes, 1974).
The reading part is divided into three blocks. The first block is a practice block. In the other
two blocks, one block focuses on the comparison between RR and PP tasks; one block
1

There are 9 words in each sentence that start with “p”, so 3/9 = 33%
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focuses on the comparison between RR and PF tasks. In the practice block, oral reading
was not recorded nor studied. Participants are aware that they might be interrupted by the
researcher during the practice block for further instructions but will not be interrupted
during their reading after the practice block unless they raise a question. The practice block
contains each type of task and is designed to guide the participant to get some familiarity
with the upcoming task requirements. Each task only appears once to avoid the potentiality
that participants could learn to read out tongue twisters fluently by adjusting their
attentional control mode. The following Figure 2 lists the tongue twisters in their
experimental groupings and indicates the type of task (RR, PP, PF) in which they were
embedded.
RR

• Picky Peter in pajamas points at premium pies on Pennsylvania plaza.

PP

• Purchaser Pat is plagued by pricy pearls and prawns in the Pacific.

PF

• The plump professor prefers to pause the plan for paddling in the public pond.

RR 1

• Petite Penny peeks at pretty Patty’s party for panicked peeing puppies.

PP 1

• Painters paint papa pandas pinching pepper with pink paws on paper.

PP 2

• Priest Paul’s parents passe a pack of pecan and pick the pasta pan.

RR 2

• Pam purchases a pair of pants at a palace where a pale phantom pops up.

RR 3

• Peter’s pen pal parks on the pebble path prepared for passengers in Paris.

PF 1

• Poor Pearson pecked by a passing peacock pays a price for probing Peking.

PF 2

• Proud pilot punched by a pacing puffy pig playing ping-pong.

RR 4

• Poet Pedro posts a piece of poetry. On posters about peeling piles of peaches.

Figure 2 Tongue Twister Sentence for Each Task

After completing the practice block, participants complete either the PP or PF block first.
The order is randomized by a cross-list generated by the R program. 30 participants
conducted the experiment with the PP block shown first and 30 participants conducted the
experiment with the PF block shown first. Within the PP block, there are 4 tongue twister
tasks, each containing a different tongue twister sentence, arranged in this order: RR->PP>PP->RR. Within the PF block, there are 4 tongue twister tasks, each containing a different
tongue twister sentence, arranged in this order: RR->PF->PF->RR. See Figure 3 below for
illustration of the flow of experiments.
10

PP Block

PF Block

PF Block

PP Block

Trial

Trial

Figure 3 Experiment Flow

3.2

Participants

60 people from the University of Kentucky whose native language is English participated
in the online experiment. Fifty-nine of them were affiliated with the Department of
Linguistics or the Department of Psychology. One of them was an undergraduate
pedestrian. Undergraduate psychology and linguistics students were compensated with
extra credit for participating in this study. The pedestrian, the linguistic graduate students,
and the faculty participants were not given any type of reward for their participation. 50
participants’ data were considered viable in view that they followed the instructions
throughout the entire study. The median and mode of their age were both 20. The average
age was 22.63. The maximum and the minimum age were 56 and 18. There were 12 male
participants and 38 female participants. 15 participants were multilingual speakers, and 35
participants were monolingual speakers. There was not a pre-selection of readers’ reading
ability.
The research protocol did not fall into the category that was allowed to ask participants to
offer their medical information, for example, dyslexia. The current study assumed all the
participants who were students and faculty on campus had average reading abilities.
Among the 50 participants who followed the instructions throughout the experiment, one
participant took about 3 times longer in completing the reading task than the other 49
participants. The data of this participant was considered viable because the extended time
was spent on reading instructions and asking questions, not in performing the tongue
twister tasks. The reading time for each sentence of this participant was within the average
reading time of the other 49 participants.

11

3.3

Experiment procedure

The entire study was conducted online and took about 20 minutes to complete per
participant except for one participant who took about 60 minutes to complete. Participants
booked a time slot via the link on the recruitment script sent to them. Once they reserved
an experiment time slot, a Zoom (Yuan, 2011) virtual online meeting room link was sent
to them. The researcher obtained participants’ oral agreement on participating in the
experiment after the participant joined the online meeting session at the scheduled time.
Then the researcher documented the participants’ name and the course they registered for
and sent such information to their course instructor later to award extra course credits to
them (for undergraduate student participants from psychology). They were sent a link about
the online interactive experiment with either the PF or PP block appearing first decided by
a cross-list generated in R. The online experiment had been tested to function successfully
on both Windows and MacOS systems and multiple mainstream browsers such as Safari,
Google Chrome, Firefox, and Microsoft Edge. If participants encountered any technical
issues on opening the online experiment, the researcher helped to diagnose the issue
remotely.
To start the online experiment, they were suggested to leave the welcome page there and
listen to the researcher’s introduction about the experiment procedure and content. They
were introduced to the type of tasks and what they would be asked to do in each task. They
were suggested to take as much time as they need to read instructions for each task and ask
the researcher for clarifications if they have any confusion. The researcher emphasized that
once they see the tongue twister sentence appear on the screen, they need to read it right
away and at their fastest speed. The researcher explained that making speech errors while
tongue twister reading is normal, and it could be fun to take this experiment. The researcher
used an active and energetic tone to talk with participants in order to relieve their pressure
on upcoming experiments and motivate them to complete the entire experiment.
Participants were aware that they might be interrupted by the researcher while they were
performing the practice block if the researcher thought they did not follow the task
instructions, or their reading speed could be faster. They were told that they would not be
interrupted after the practice block unless they decide to quit or ask for assistance. They
12

were frequently checked by the researcher with the question ‘Does it make sense?’ to
confirm their understanding. They were expected to stay online to complete a postexperiment survey that included demographic information and language-backgroundrelated questions after completing the experiment.
Then they were instructed to turn off their camera and the researcher would also turn off
the camera. The online experiment compiled through the OpenSesame software (Mathôt
& Theeuwes, 2012) was published on the JATOS (Lange et al., 2015) server in order to
generate shareable online experiment links. Through prior tests, it was determined that the
online experiment opened by JATOS links could run abnormally if the screen of the
participant was shared with the researcher through Zoom screen sharing. Since the current
study did not measure the time of participants’ responses, turning off the camera did not
influence the study goals. Another advantage of turning off the camera was reducing the
pressure that the researcher might create in supervising participants. In general, the
researcher did not see the online experiment interface while the participant was performing
the experiment. Participants took as much time as they need to read and comprehend the
instructions. The researcher stayed online but did not make a sound after the practice block
ended. After the practice block was completed, the researcher turned on the Zoom
recording function to record participants’ reading till they completed the entire experiment.
Then they completed the online post-experiment survey.
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CHAPTER 4.
4.1

DATA

Data storage

Recorded data was stored on the researcher’s fingerprint encrypted personal computer and
uploaded to the student identity encrypted University of Kentucky OneDrive cloud drive.
Each participant’s recording file has been saved in a folder named with the order (1-50) of
the participation and which block they completed first (PP vs. PF). Depending on which
block they have completed first, if the PP block was completed first, the folder name
contains an Arabic number 1, and if the PF task was completed first, the folder name
contains an Arabic number 2. Within each folder, there is a .mp4 video file saved by Zoom
automatically and a .wav file later converted for further annotation convenience.
4.2

Data annotation

For each participant’s recording in a tongue twister reading task, the total number of speech
errors and the number of speech errors in each category was counted. They were
documented on the researcher’s University of Kentucky Google spreadsheet. This study
aims to investigate the interactions between word reading and reading comprehension
when the attention allocated on these two components is various by comparing the number
of speech errors made in different attentional control modes under different task
requirements. It is predicted that under the same criteria where the word reading needs a
large amount of attention, the lower the attention required by the reading comprehension,
the fewer speech errors are made. To precisely and scientifically calculate the number of
speech errors, it is necessary to categorize them to exclude some errors that are not of
interest for the current study. For example, adding an ‘-s’ after the object noun when the
subject noun contains a ‘-s’. This is a type of error caused by the design of the tongue
twister sentence. It is a morpho-syntactic error made by the majority of the participants.
Such an error can also happen in the reading of the normal reading materials, hence it is
not considered as a byproduct of the failure of attentional control in inhibiting the reading
comprehension and focusing on the word reading. The recall answers of participants were
also documented in order to double-check whether a speech error is made in cases where a
portion of the recording is acoustically indistinguishable.
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A classification of 10 error types according to which the observed errors were cataloged
was devised: a short pause, short pause and quickly reread, short pause and quickly reread
greater than 2 words, long pause, hesitation, misread a word, misread and quickly reread,
misread and pause, add phonemes to word, and omit a word. There are three types of speech
errors that weigh heavier than other types. They are short pause and quickly reread >= 2
words, long pause, and misread and pause. The participants’ eye movements are not
tracked during the experiments so if they make these types of errors, it is considered that a
reread of the sentence and reconstructing of the linguistic information of the sentence is
happening and might influence the speech error numbers made in the remaining part of the
sentence (Inhoff et al., 2011; Levy et al., 2009). However, if these types of errors are made
approaching the end of the sentence, their weights are documented as 1. Detailed
definitions for each speech error type are listed in Table 1 below.
Table 1 Speech Error Types and Weights
Error Type
Weight Definition
short pause
1
A pause followed by a quick reading of the upcoming word.
short pause and
1
A quick and almost autonomous self-correction behavior after
quickly reread
pause triggered by reading and monitoring cognitive functions.
short pause and
1.5
A self-correction behavior that is considered to involve the
quickly
reorganization of the linguistic information and potentially
reread >=2 words
influence the upcoming reading correct rate.
long pause
1.5
A pause does not followed by a longer time before reading the
upcoming word.
hesitation
1
A prolonged pronunciation of a specific word.
misread a word
1
Pronounce a word mistakenly.
misread and
1
A quick and almost autonomous self-correction behavior after
quickly reread
misreading a word triggered by reading and monitoring
cognitive functions.
misread and
1.5
A self-correction behavior that is considered to involve the
pause
reorganization of the linguistic information and potentially
influence the upcoming reading correct rate.
add phonemes to 1
Insert a sound that does not belong to the original reading
words
sentence anywhere in a word.
omit a word
1
Leave a word unread.

There were three rounds of annotation. In the first round, each subject’s error speech was
documented. The researcher used Praat (Boersma, 2001), an audio analysis software, to
select and listen to the subject's reading of each tongue twister sentence and judge the type
of pause the subject makes. There were about 400 sentence reading records given that 50
participants each read 8 sentences, although a few of them omitted the reading of some
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sentences2 . In the second round, the researcher counted the total number of errors the
subject made for each sentence and counted the number of each type of error for each
sentence. In the third round, speech errors that were elicited because of the design of the
tongue twister sentences were removed. The count of total error numbers and the count of
each type of error for every tongue twister sentence were adjusted accordingly. The
uncounted speech errors include morpho-syntactic speech errors: adding ‘-s’ after ‘post’,
adding ‘-s’ after ‘pecan’, and a syntactic speech error by making a mistake prior to or
during the reading of ‘papa panda’; and speech errors caused by the inclusion of words in
the tongue twister sentences that were unfamiliar: making a speech error prior to or during
the reading of ‘probing Peking’ or ‘Peking’; making speech errors prior to or during the
reading of ‘phantom’.
4.3

Statistical analysis

All the text of the annotated data was removed, and it was converted to a table that has 25
columns and 401 rows. Each subject’s data takes 8 rows. The 25 columns include: subject
number, session order, demographic information, post-experiment survey binomial
answers, the total number of speech errors, number of each type of speech error, session
number, task number, task type, recall correct rate 3 , and whether contains entity error
(mistakenly recall the subject and object of the sentence). All the data was sorted in the
format of .csv. The R programming language was used to clean and convert the data in the
programming environment of RStudio. Readxl (Wickham & Bryan, 2019), dplyr
(Wickham et al., 2015, reshape2 (Wickham, 2007), and lme4 (Bates et al., 2014) libraries
were used during data cleaning and statistical model construction.
Across all participants, the minimum total speech error number is 0.00 and the maximum
total speech error number is 5.00. The descriptive statistics (mean, median, mode, standard

2

Across all participants, 2 RR, 2 PF, and 3 PP tasks’ data are missing because participants did not
complete them. If all participants had completed all tasks, 200 RR tasks, 100 PF tasks, and 100 PP tasks’
speech errors would have been recorded. These missed data (2/200 RR tasks; 2/100 PF tasks’ 3/100 PP
tasks) represent a small portion of the data that was targeted for collection.
3 Words being recalled correctly divided by the total words of a sentence
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deviation, and confidence interval) for the total speech errors recorded for the experiment
are provided in Table 2 below.
Table 2 Descriptive Statistic for Total Speech Error Numbers
All Participants’ Data
Mean
Median
Mode
SD
1.173
RR
1.0
1.0
0.0
0.742
PP
0.5
0.0
0.0
1.030
PF
1.0
1.0
0.0
Participants Taking PP Block First
Mean
Median
Mode
SD
1.213
RR
1.1
1.0
0.0
0.726
PP
0.5
0.0
0.0
1.043
PF
1.1
1.0
1.0
Participants Taking PF Block First
Mean
Median
Mode
SD
1.131
RR
0.9
1.0
0.0
0.764
PP
0.6
0.0
0.0
1.019
PF
0.9
1.0
0.0
*Note: SD=Standard Deviation, CI=Confidence Interval

95% CI
1.0 ± 0.163
0.5 ± 0.145
1.0 ± 0.202

95% CI
1.1 ± 0.238
0.5 ± 0.201
1.1 ± 0.289

95% CI
0.9 ± 0.222
0.6 ± 0.212
0.9 ± 0.283

The Poisson regression was used to analyze the correlation between total speech error
numbers and the types of tasks. Specifically, the model uses the speech error numbers of
the RR tasks as the foundation to compare with the speech error numbers in PP and PF
tasks. During this comparison, block order (PP or PF appearing first), whether participants
have been exposed intensively in multilingual environments, and whether participants are
multilingual speakers are included as covariates. Poisson regression is a generalized linear
model that is often used for counting data. It is expected that a correlation between the total
speech error numbers (outcome variable) and the type of tasks (predictor variable) exists.
It is also expected that the fewer attention resources needed for reading comprehension,
the fewer speech errors are made. Two Poisson regression models were run in R studio.
One was a fixed-effects Poisson model, in which subject number is not included as a
covariate and the other was a mixed-effects Poisson regression model including subject
number.
Table 3 below shows the results of the fixed-effects Poisson regression model. These
statistical results show there are significant correlations between speech error numbers and
PP tasks (p < .001), speech error numbers and order 2 (p < .001), speech error numbers and
being exposed intensively to multilingual environments (p < .001), and speech error
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numbers and multilingual speakers (p < .001). No significant correlation between the total
number of speech errors and PF tasks was found (p = .949). The above-mentioned P-values
are highlighted in yellow in the Table 3. PF tasks have 0.55% fewer chances of eliciting
speech errors than RR tasks. PP tasks have 46.99% fewer chances of eliciting speech errors
than RR tasks. Participants who have been exposed to multilingual environments have
30.88% fewer chances of making speech errors than participants who have not. Participants
who are multilingual speakers have 43.02% fewer chances of making speech errors than
monolingual speakers. The above-mentioned comparison results are highlighted in blue in
Table 3.
Table 3 Fixed-Effects Poisson Regression Model Results
Deviance Residuals:
Min
1Q
Median
-2.4852 -1.5613 -0.6533

3Q
0.6564

Max
3.7412

Coefficients:
(Intercept)
TypePhonology
TypePicture
order2
lang_exposeyes
multilingualys
--Signif. codes:

Estimate Std. Error z value
1.127573
0.068596 16.438
-0.005486
0.086610 -0.063
-0.634761
0.109541 -5.795
-0.294859
0.076644 -3.847
-0.369364
0.107839 -3.425
-0.562538
0.134946 -4.169

Pr(>|z|)
< 2e-16
0.949493
6.84e-09
0.000120
0.000614
3.06e-05

***
***
***
***
***

0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 1077.07 on 392 degrees of freedom
Residual deviance: 938.48 on 387 degrees of freedom
(7 observations deleted due to missingness)
AIC: 1571.5
Number of Fisher Scoring iterations: 6
(Intercept)
3.0881509

TypePhn
0.9945288

TypePct
0.5300620

order2
0.7446366

95% Confidence Interval:
(Intercept)
TypePhonology
TypePicture
order2
lang_exposeyes
bilingualyes

2.5 %
0.9910633
-0.1769813
-0.8542124
-0.4453689
-0.5857197
-0.8267792

97.5 %
1.2599938
0.1627367
-0.4243582
-0.1448001
-0.1625529
-0.2970438
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lang_exposeyes
0.6911736

bilingualyes
0.5697612

Table 4 below shows the results of the mixed-effects Poisson regression model. These
statistical results show there are significant correlations between speech error numbers
and PP tasks (p < .001), speech error numbers and order 2 (p < 0.015), and speech error
numbers and multilingual speakers (p < 0.018). No significant correlation between the
total number of speech errors and PF tasks are found with the P value smaller than
0.8689. The above-mentioned P-values are highlighted in yellow in Table 4. PF tasks
have 1.42% fewer chances of eliciting speech errors than RR tasks. PP tasks have 47.47%
fewer chances of eliciting speech errors than RR tasks. Participants who complete PF
block first have 34.36% fewer chances of making speech errors than participants who
complete PP tasks first. Participants who have been exposed to multilingual environments
have 29.68% fewer chances of making speech errors than participants who have not.
Participants who are multilingual speakers have 48.46% fewer chances of making speech
errors than monolingual speakers. The above-mentioned comparison results are
highlighted in blue in Table 4. In sum, the results of the mixed-effects Poisson regression
model are similar to the fixed-effects Poisson regression model. The above-mentioned
comparison results are highlighted in blue in Table 4.
Table 4 Mixed-Effects Poisson Regression Model Results
AIC
873.9

BIC
901.8

logLik
-430.0

Scaled residuals:
Min
1Q Median
-2.0730 -1.0268 -0.5728

deviance
859.9

3Q
0.8017

df.resid
386

Max
4.3753

Random effects:
Groups
Name
Variance Std.Dev.
subject_name (Intercept) 0.2863
0.535
Number of obs: 393, groups: subject_name, 50
Fixed effects:
(Intercept)
TypePhonology
TypePicture
order2
lang_exposeyes
multilingualys
--Signif. codes:

Estimate
1.07546
-0.01435
-0.64375
-0.42098
-0.35213
-0.66287

Std.Error
0.15459
0.08691
0.10958
0.17311
0.24538
0.27939

z value
6.957
-0.165
-5.875
-2.432
-1.435
-2.373

Pr(>|z|)
3.48e-12 ***
0.8689
4.23e-09 ***
0.0150 *
0.1513
0.0177 *

0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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Correlation of Fixed Effects:
(Intr) TypPhn TypPct order2 lng_xp
TypePhonlgy -0.206
TypePicture -0.145 0.259
Correlation of Fixed Effects:
(Intr) TypPhn TypPct order2 lng_xp
TypePhonlgy
-0.206
TypePicture
-0.145 0.259
order2
-0.630 0.037 -0.001
lang_expsys
-0.381 0.001 -0.001 0.056
multilingualys -0.078 0.005 0.002 0.132 -0.676
(Intercept)
2.9313397

TypePhn
TypePct
0.9857551 0.5253200

order2
lang_exposeyes multilingualyes
0.6564051 0.7031898
0.5153690

95% Confidence Interval:
2.5 %
97.5 %
.sig01
0.3959945 0.72239755
(Intercept)
0.7639401 1.38531435
TypePhonology -0.1864256 0.15445104
TypePicture
-0.8632651 -0.43327642
order2
-0.7757511 -0.08307721
lang_exposeyes -0.8497735 0.13986257
multilingualys -1.2331645 -0.10973426
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CHAPTER 5.
5.1

DISCUSSION

Discussion of statistical analysis

The descriptive statistical results show that PP tasks have the lowest mean and mode
among other tasks. Participants who take the PF block first make less speech errors in RR
and PF tasks compared to those who take PP tasks first. However, there is not a reduction
of speech errors in PP tasks for participants who take PF block first. The median, mean,
and mode of RR tasks and PF tasks are almost identical except for the PF’s mode data for
participants taking the PP task first.
The inferential statistical results show that whether or not one considers the random
effect into the Poisson regression model the correlation between the total number of
speech errors and PP tasks is highly significant with a p value smaller than 0.001. In the
fixed-effect Poisson regression model, the correlation between speech error numbers and
order, speech error numbers, and speech error numbers and multilingual speakers are
highly significant with p values smaller than 0.001. The mixed-effects Poisson regression
model also shows that there is a highly significant correlation between speech error
numbers and PP tasks with a p-value smaller than 0.0001; and there are significant
correlations between speech error numbers and PF block appearing first and speech error
numbers and multilingual speakers with p values smaller than 0.02.
PP tasks are designed to require the least attention on reading comprehension with the
presumption that all types of tasks require a high amount of attention on word reading.
When one considers the highly significant correlation between the total number of speech
errors and PP tasks, its smallest mean compared to other two types of tasks including the
influence of the block order or not, and about 47% fewer chances of having speech errors
than RR tasks in Poisson regression models including the random effect or not, this
accumulation of results offers evidence to the research question prediction that alleviating
the attention required for reading comprehension could witness an improved word
reading processing when the attention demand for word reading is high. Within this
study, the assumption that speech errors could be used to study different attentional
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control modes is constructed based on previous literature discussed in Chapter 2 instead
of a designed experiment to specifically validate this claim. Therefore, the correlation
between the total number of speech errors and PP task offers evidence to this assumption.
The result is exciting because it suggests that using speech errors to study the interactions
between reading comprehension and word reading is promising. Compared to EEG and
fMRI approaches which seem to have better tracking of the change of cognitive
processing, calculating, and analyzing speech errors cost way less and could be effective.
The results back up Arrington et al. (2014), Kibby et al. (2014), Sesma et al. (2009), and
Spencer and Cutting (2021)’s research where a significant correlation between central
executive functions and reading comprehension was found. The backup is from a
perspective that reducing the attention demand on reading comprehension in other words
reducing the attentional control challenge could witness an obvious drop of speech errors.
Different from their approaches that involve finding the statistical correlation among
reading skill scores, the approach used in this study does not involve reading skill
measurements but has robust results that support their conclusion from an angle which
again casts light on using speech errors to research the cognitive processing of reading.
Meanwhile, the result encourages the ideology that to depict the interactions between
reading comprehension and word reading by including the function of attentional
control’s moderation is hopeful.
The mean number of errors in PF tasks are greater or equal to RR tasks, the median
number of errors in PF tasks are equal to RR tasks, and the mode in PF tasks are equal to
RR tasks, in each case whether the block order is considered or not. The inferential
statistical results do not find a significance between the total speech error numbers and
PF tasks. Descriptive results are in accordance with these results. The comparison
foundation in the Poisson regression model is RR tasks. In the section above on study
design, it is mentioned that the amount of attention required for reading comprehension
for PF tasks could be greater than PP tasks, but the amount of attention required
compared with RR tasks is difficult to determine theoretically.
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A few explanations to the insignificant correlation between the total numbers of speech
errors and PF tasks include the following. First, high cognitive resources capacity caused
by following the experiment instruction could increase the distractor (reading
comprehension)’s interferences with the target activity (word reading). Therefore,
compared to RR tasks which also has a high demand of attention on reading
comprehension, PF tasks have similar descriptive statistic results. Second, the Poisson
regression model shows a significant correlation between the total number of speech
errors and the PF block appearing first. In the descriptive statistics participants who
complete the PF tasks first make fewer speech errors in RR and PF tasks shown by the
mean. Such results suggest that with only two trials of PF tasks, documented speech
errors may not be sufficiently representative to manifest the PF attentional control mode.
Reasons for why taking PF or PP tasks first might influence the total speech error
numbers for the entire experiment shall be further explored in the future. Potential
solutions to avoid the influence of order are setting a break between these two blocks and
designing more PP and PF reading trials. Third, the experiment is designed with RR tasks
as the point of comparison and the Poisson regression is consistent with such a design; as
discussed in the first point above, these two types of tasks (PF and RR) do have
similarities in terms of attention load demands. In the future, an experiment could be
designed to be able to not only compare PF tasks with RR tasks but also PF with PP
tasks. In summary, including PF tasks in this study enrich the diversities of the attentional
control modes and contribute to the observation of the interactions between reading
comprehension and word reading.
The highly significant correlation between total speech error numbers and multilingual
exposure offers support to some researchers’ opinions that people who study extra
languages other than their mother tongue might have an advantage in literacy-related
skills like decoding and domain-general skills like attentional control (Soveri et al., 2011;
Arredondo et al., 2017; Krizman et al., 2014). The inclusion of the multilingual status
confirmation aimed to consider it as a covariate in the statistical model that was mainly
designed for probing the relationship between total speech errors numbers and different
attentional control modes, however, in the future, having a more detailed look at how the
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multilingual factor might influence the interactions between reading comprehension and
word reading when the attentional control is considered as a moderator could be
meaningful.
5.2

Limitations and future research directions

This study assumed that speech errors are the byproducts of tongue twister reading. In
other words, it assumed that the existence of speech errors indicates the failure of typical
cognitive processing of reading. Speech errors were used to probe the interactions
between reading comprehension and word reading in different attentional control modes.
It is necessary for the future to clarify the relationship between total speech error numbers
across task types by adding a comparison between PF tasks versus PP tasks as mentioned
at the end of the statistical result interpretation of the PF tasks, or by adding more
attentional control modes such as a mode where no extra instruction is given to
participants before reading tongue twisters.
Each individual’s attention allocation on word reading and reading comprehension during
reading could be different. The results of the current research could be more granular if in
the future the measurements to individual’s specific cognitive abilities (e.g., attentional
control: Arrington et al., 2019; Borella et al., 2011; working memory: Baddeley, 2003
inference: Cain & Oakhill, 2006), linguistic abilities (e.g., phonological awareness,
vocabulary, oral reading fluency, sight word efficiency), and text characteristics (e.g.,
phonology, semantics, syntax, context, length) (Cunningham & Anne Mesmer, 2014;
Chall et al., 1996) are included. Measurements of these individuals’ abilities could also
be helpful to predict a threshold of when people successfully adjust their attentional
control mode and establish a new attention allocation strategy for a unique reading
situation that they are not used to but can do better after practice, for example, the tongue
twister reading. Such learning ability could influence the precision of using the number of
speech errors to reflect different attentional control modes. When measuring these skills,
the factor of multilingualism needs to be taken into consideration. As shown in this
research, multilingual speakers do make fewer speech errors across tasks compared with
monolingual speakers.
24

It is clear that reading tongue twisters raises the challenge of word reading and requires a
large amount of attention, however, what exact processes during word reading make such
a high attention consumption? Is it the controlling of oral muscle to read tricky sounds or
the mapping from orthography to long-term memory of phonological knowledge (e.g.,
making decisions)? Such questions are worthwhile to explore in the future.
Some research found reading aloud in upper-grade children could negatively influence
their understanding of the reading materials although such impedance would not
disfunction the parallel reading comprehension (Gao et al., 2016). This fact does not
overshadow the results of the current study because tongue twister sentences are short,
compared to reading paragraphs which have a higher requirement of comprehension
abilities; however, in view of this fact, could the findings in the current study among
word reading, reading comprehension, and attentional control be adopted to silent
reading? Does reading aloud itself contribute to a portion of speech errors? It is possible
to design EEG and fMRI studies to collect the scalp and brain activities in silent reading
versus reading aloud when performing the current experiment and match them with
behavioral speech error data to answer these questions.
All the experiments of this research were conducted online via Zoom due to the COVID19 epidemic. During experiments intruding interference occasionally happened, although
rare, like incoming phone calls. Experiment environments influence reading (Basanovic
et al., 2018), if such experiments could be conducted in a well-designed laboratory
environment, then research results might be more persuasive.
The speech error annotation could be more precise if the judgment of prior errors’
influence on later sentence parts was based on eye-tracking data. In addition, considering
the time characteristics of each type of speech errors, for example when it is made and
how long it lasts, could be helpful in improving the statistical analysis of speech errors.
To decide whether a pause is caused by breath or hesitation, measurements of readers'
typical reading speech become necessary. In addition, the documented recall content and
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recall error rate could be better utilized, for example, to reveal participants’ abilities like
reading comprehension and working memory.
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