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Interword spacing and reading performance
among low-literacy Cambodian students
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This study investigated whether inserting interword spacing into Khmer text could enhance reading accuracy

and fluency among native-speaker low-proficiency readers. In Experiment 1, 36 Grade 6 students in a low-

literacy class read aloud paragraphs presented with and without added spaces. In Experiment 2, 115 students

in Grades 9-11 silently read short passages in spaced and non-spaced formats to answer comprehension

questions. Results indicated virtually no significant improvements in reading accuracy or fluency with

spacing, apart from a significant reduction in missed syllables in Experiment 1. Survey responses revealed a

preference for conventional non-spaced texts. Overall, adding interword spacing provided no pedagogical

advantage for Khmer readers in this study, although it did not negatively affect performance either.
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The present study was motivated by an attempt to support
Cambodian students with low literacy to read their school texts
more easily. In Cambodia, as in other developing countries,
children from poor backgrounds often start school late. This may
be because their families cannot afford the resources needed for
schooling or because families prioritize their children’s help in
earning money. In these cases, Cambodian students enter a fast-
track program in which they complete two grade levels in one
year. Research into delayed schooling in rural China found that for
each year a student is delayed, cognitive development significantly
decreases (Chen, 2017). The combination of impaired cognitive
development and less time to study each grade’s materials can
make it difficult for students to read texts at their grade level. Late
starters are also more likely to drop out of school (Chen, 2015; Wils,
2004), which may be partially due to difficulties in keeping up with
their curriculum. In this context, a widely-applicable intervention
to assist students with their reading would be highly beneficial. A
body of research has shown some advantages to adding spaces
between words in scripts that are not normally spaced, including
for Chinese (Cui, 2023; Blythe et al., 2012) and Thai (Kasisopa et
al., 2013; Winksel et al., 2009). These studies collectively found
that low-frequency words were processed faster with interword
spacing. Consequently, low-literacy readers of Khmer might also
benefit from interword spacing. The research question for this
study was as follows: Can interword spacing improve reading
performance of Khmer texts for Cambodian students?

The Role of Spaces for Demarcating Word Boundaries

For spaced scripts like English, eye-tracking studies consistently
find that readers land their eyes just left of center of a word,
moving from one word center to the next rather than continuously
along the characters (e.g., Mirault et al., 2019; Perea & Acha,
2009; Paterson & Jordan, 2010; Rayner et al., 1998; Slattery &
Raynor, 2013). Without interword spacing, readers’ eyes tend to
land closer to the start of a word, backtrack more often, spend
longer on each word fixation, and jump ahead in shorter saccades.
This 1s true even for foreign-language readers whose first language
does not use interword spacing, for example Thai (Winskel et al.,
2009) or Japanese (Toshima et al., 2011). This effect is logical,
considering the variety of word lengths in English. For example,
“a” 1s one word, one syllable, and one letter, “strengths” is one
word, one syllable, and nine letters, while “important” is one
word, three syllables, and 10 letters.

Some non-spaced scripts use different strategies to demarcate
word boundaries. Chinese uses logographic characters with one
syllable and one morpheme per character, which reduces the
ambiguity of where the center of the word would be. Japanese
allows some characters to represent multiple syllables (e.g., #i,
watashi) or two characters to represent one syllable (e.g, 48,
kyou), but generally follows the same pattern of one morpheme
per logographic character. These characters are interspersed with
grammatical words and words from foreign languages using other
scripts, hiragana and katakana, which effectively demarcate word
boundaries without needing spaces.

The same does not apply for alphabetic scripts written without
interword spaces, such as Thai and Khmer. In Khmer, the subject
of the present study, each syllable could include one, two, or three
consonants, and the amount of space they take up on the page can
vary significantly depending on the vowels around them. Some
vowels sit above or below the consonant, while others extend
horizontally to the left or right. For example, the word é (1) consists
of one main consonant, one sub consonant, and a coniplex vowel
above and below the main consonant, but takes up the space of
a single character. In contrast, 380U (look) is also one syllable, two
consonants, and one complex vowel, but requires three character
spaces. Word length also varies significantly, comparing for
example Lf\J?qj‘lm (love, [sralanh], 2 syllables, 5 character spaces)
and #J (white, [saa], 1 syllable, 1 character space). Moreover, the
final form and starting form of letters are usually identical, as
seen in the last letter of f1§ (fwo) and the first letter of $05f (wave).
Low-proficiency readers might stop at fi (fiom), a common word in
itself, and then try to read the next word starting with i, requiring
them to re-read the previous word. If unfamiliar words use non-
transparent orthographies or silent letters, readers may struggle
to identify the center of a word and its boundaries, which could
conceivably result in reading difficulties.

Adding Interword Spaces to Non-Spaced Scripts

The effect of adding interword spacing to non-spaced
alphabetic scripts has only been tested with Thai. Winskel et al.
(2009) found that interword spaces helped Thai readers process
lexical items, as indicated by the shorter total fixations on key
words in the sentence, especially for words of lower frequency.
However, the length of first-fixation was not affected by spaces,
and eyes still landed roughly in the center of words. Similarly,
Kasisopa et al. (2013) found that interword spaces helped guide
Thai readers’ eyes to the center of low-frequency words, but
not for high-frequency words due to a ceiling effect for the more
common words. This suggests that spaces could be particularly
useful for processing new or less familiar words, which is especially
relevant for school-aged readers with low literacy.

The findings from Thai are consistent with those from other
non-spaced scripts. For example, Blythe et al. (2012) found that
novel words inserted into meaningful sentences were processed
more quickly by native readers of Chinese, both for children and
adults, but only for total fixation durations, not for first fixations.
This difference implies that the benefit of spacing was not in
decoding word boundaries, but in processing. Additionally, Sainio
et al. (2007) found that average fixation durations were shorter for
spaced Hiragana texts, helping Japanese readers recognize words
written in Hiragana that would typically be written with Kanji.
Collectively, interword spacing seems to improve processing speed
for native readers of non-spaced scripts.

There is therefore reason to believe that interword spacing
could be a useful strategy for helping low-proficiency native Khmer
readers to read and comprehend texts. There is also precedent
for manipulating normal texts to reduce reading difficulty. For
example, Hebrew and Arabic scripts do not normally use vowels,
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but vowel diacritics are added to texts intended for children or
foreign-language readers. Similarly, Chinese children read with
the romanized script pinyin before learning the logographic
characters. Japanese children also initially read using the syllabary
script Hiragana before learning the Kanji characters. Thai texts
intended for children may also use interword spacing to help
readers distinguish word boundaries. The present study tested
whether interword spacing could be useful for Khmer readers.

Experiment 1

Since previous research has found facilitatory effects for
interword spacing on non-spaced scripts, I tested whether
adding interword spacing to Khmer resulted in better reading
performance. The first experiment was conducted with 36 Grade
6 Cambodian students who attend public school for half the day
and an NGO school for the other half. The NGO school aims
to supplement their education in Khmer, English, mathematics,
and ICT. As well as regular classes, a learning support program
provides interventions to help low-achieving students to keep up
with their studies. Students in this program are from very low
socioeconomic backgrounds and often start education in late
childhood. Experiment 1 was conducted in the context of this
program, exploring methods to support the students’ abilities to
read independently. This study was conducted in accordance with
the principles of the Declaration of Helsinki.

Text

The text was taken from a reading in their upcoming Khmer
class. It describes a traditional dance from Pailin province,
including its origins, purpose, and how it is performed. The text
was divided into six paragraphs of roughly equal length, with an
average of 67 target syllables per paragraph. In Version 1, the
odd-numbered paragraphs had spaces inserted between word
units, as identified by Khmer teaching staff, while in Version 2 the
spaces were inserted in even-numbered paragraphs. Appendix A
shows the full spaced text.

Procedure

The students were randomly assigned to one of the two versions
of the text. They were asked to read the text aloud as quickly as
possible while being audio recorded, as part of an assessment on
their reading ability. The mean duration per paragraph was 40
seconds (SD = 9 seconds). Of the 36 students, four were excluded
from analysis: two because their reading ability was too low, and
two because their recordings were too noisy.

Assessment

Most previous studies comparing reading with and without
interword spacing have used eye tracking (e.g., Blythe et al., 2012;
Kasisopa et al., 2013; Winskel et al., 2009), assuming that longer
saccades and shorter fixations are indicators of better reading
performance. While this approach provides precise insights into

the readers’ eye movements, it would be difficult to assess reading
accuracy and comprehension through eye-tracking. Kohsom and
Gobet (1997) used a read-aloud protocol, which allowed them
to code errors and record their participants’ reading speed. This
method is more relevant in the present context, but the raw reading
speed may be too coarse a measure to distinguish differences
in reading fluency. Experiment 1 therefore adopted more fine-
grained temporal measures taken from a recent assessment study
on reading fluency for first and second language readers (Suzuki &
Kormos, 2023). First, audio files of each paragraph were trimmed
to the start and end of phonation. The number of wrong and
missed syllables were counted by three senior staff members at the
school. A script in PRAAT (de Jong & Wempe, 2009) calculated
the total duration, phonation time, number of uttered syllables,
and number of silent pauses per paragraph. I then calculated
six dependent measures for each paragraph and averaged the
spaced and non-spaced conditions to provide the final dependent
measures for analysis. The calculations were as follows:

e Missed Syllables Ratio: Missed syllables
divided by target syllables.

e Wrong Syllables Ratio: Mispronounced
syllables divided by target syllables.

e Extra Syllables Ratio: Uttered syllables
(detected by the PRAAT script) minus target
syllables, divided by target syllables. These include
voiced hesitations, repetitions, self-corrections, and
added words.

e Silent Pause Frequency Ratio: Number of
silent pauses divided by target syllables.

o Mean Silent Pause Duration (ms): Total
non-phonation time (silence) divided by number
of silent pauses.

® Mean Target Syllable Duration (ms): Total
phonation time (silent pauses excluded) divided by
target syllables.

Results

Table 1 shows the descriptive statistics for all dependent
measures. Since some dependent measures were not normally
distributed, Wilcoxon Tests are reported for all measures for
consistency. The only significant difference between conditions
was for the ratio of missed syllables: the spaced condition
(M =.001, SD = .02) had significantly fewer missed syllables than
in the normal unspaced condition (M = .014, SD = .02), with a
medium effect (r = .532, p = .005). Therefore, with interword
spacing virtually no syllables were missed. The other results were
all » < .156, p > .385, indicating no trend towards a difference
between conditions for the other measures. Thus, interword
spacing did not meaningfully improve reading accuracy or fluency
in this experiment, but spaced text ensured that all syllables were
read aloud.

A sensitivity analysis (paired design, a = .05, two-tailed)
indicated that with 32 participants the study had 80% power to
detect an effect of approximately dz = 0.51 (equivalent to r = .25).
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Table 1. Descriptive statistics and Wilcoxon lests for all dependent measures. Ratios are per largel

examination to attend the secondary school and,

syllable although their literacy levels may be lower than
Missed Wrong Extra Silent Pause  Silent Pause Target typlCaHy CXpCCth for their age due to their context,
they could reasonably be expected to know all the
Syllables Syllables Syllables Ratio Duration Syllable words in these texts
Ratio Ratio Ratio Duration
Texts
Mean (SD)
Spaced .001(.02)  .056(.05) 1367 (.19) 189 (.12) 59 ms (24) 46 ms (09) The texts were .Created for this experlmt?nt by
the author. Each pair of texts was created in the
) . - . - . . same style. For example, in the first text, the question
Unspaced 014(.02  .052(.05) 387 (.22) 1188 (.12) 57 ms (24) 46 ms (10) was to find the third item bought at the market while
in the second text, the question was to find the third
Wilcoxon Test ~ W=307  W=217 W=307 W =304 w=217 W=298 animal seen at the zoo. The structure of the two texts
s= 005 p=385 )= 432 = 465 = 390 p= 512 was identical, only changmg.l(.?mcal items. Another
pair of texts asked the participants to understand
r=.532 r=.155 r=.142 r=.132 r=.155 r=.119

how the main character felt about a situation. The

Thus, the design was adequately powered to detect medium-sized
effects but not small effects.

Experiment 2

Listening to the audio files of Experiment 1, it was clear that the
students were reading mechanically rather than for comprehension.
For example, they did not pause at the end of sentences or vary
their intonation. While the results of Experiment 1 showed very
little benefit from interword spacing on reading aloud, it was still
plausible that interword spacing could help with meaning-focused
reading because in previous studies the advantages from interword
spacing were in processing the words. A second experiment was
therefore conceived to focus on a more
educationally relevant task: silent reading
for meaning. Additionally, the accuracy
scores in Experiment 1 suggested that
the text may have been too difficult for
the participants. Interword spacing
is assumed to be beneficial for low-
frequency words, based on the studies
with Thai readers (Kasisopa et al. (2013;
Winskel et al.,, 2009). However, these
studies involved educated populations

m‘mmhs.'imgw‘éqmsﬁgmfiégmﬂ g:xunjsmﬁtjmjﬁgsmﬁ
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answer was not written anywhere explicitly, but
rather required a general reading of the entire text.
Again, the two texts were structurally identical. Each pair of texts
required a slightly different reading skill (e.g., skimming for specific
information or comprehending the gist), and varied whether the
answer was towards the beginning, the middle, the end, or required
a more holistic reading. The texts were written to keep word
counts (M = 77, 8D = 1) and character counts (M = 334, SD =
22) as similar as possible. One text from each pair was assigned
to be read with spaces and the other without spaces, allowing for
comparable reading questions between the two conditions. The
assignment of condition to text was counterbalanced between
two versions. The 12 texts (6 pairs) are shown with their English
translations in Appendix B.
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literacy readers may be too difficult in

Low frequency words low-
comparison. If spacing facilitates reading,
it is rational to assume that readers must
already know the words they are reading
Experiment 2 therefore aimed to ensure
that all words in the texts were known by
using only high-frequency words and by
recruiting older students from the same
NGO school. These 115 students from
Grades 9 to 11 had passed an entrance
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Figure 1. Screens from Experiment 2. Top left: non-spaced text. Bottom left: Spaced text. Top
right: Question before reading. Bottom Right: Answer selection after reading.
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Tool

Experiment 2 was created on Gorilla Experiment Builder
(www.gorilla.sc). The first screens showed example easy texts to
familiarize the students with the procedure and then the trials
alternated between a spaced and a non-spaced text, with text
order randomized within condition and the starting condition also
randomized. On the first screen, participants read the question.
They then pressed a button to see the reading screen, where they
read the text, and pressed another button when they were ready
to answer. The next screen showed the question again with six
response options, each chosen to be plausible without having read
the text carefully. If participants selected the correct response,
they moved onto the next question. If they selected an incorrect
response or pressed the back button, they saw the reading screen
again and continued with the current item. Figure 1 shows screens
from the task. In the final screen, they were asked to choose
whether they preferred reading with interword spacing, normally,
or had no preference.

Procedure

The experiment was conducted on iPads during a regular
class, built onto the end of an unrelated English-learning activity.
Students read a brief description of the experiment and chose
either to participate or to leave the class. On average the activity
took 9 (SD = 4.1) minutes to complete.

Analysis and Results

Reading times were calculated as the combination of all
time spent on reading screens for the same item. To clarify, this
does not include time spent on the question or response screens.
For example, if the participant chose an incorrect response
and read the same text again, the reading time on both screens
was summed. To remove outliers, trials beyond two SDs of the
mean reading time (24 trials from 16 participants) were excluded
within spacing conditions (1.7% of data). After data cleaning, the
mean reading time per item was 21.985 (SD = 10.488) seconds
for spaced texts and 22.896 (SD = 10.922) seconds for non-
spaced texts. The data were not normally distributed and so a
Wilcoxon test was conducted. There was no significant difference
in reading times between the conditions (W = 3702, p = .231,
r =.11). Regarding the final survey, 94 students preferred reading
normally, 12 preferred reading with interword spacing, and 9 had
no preference. Conclusively, therefore, interword spacing did not
improve reading speed for meaning in this experiment and was
not preferred by the students.

A sensitivity analysis (paired design, a = .05, two-tailed)
indicated that with 115 participants the study had 80% power to
detect an effect of approximately dz = 0.26 (equivalent to r = .13).
Thus, the design was sufficiently powered to detect small effects.

Discussion

In two different experiments, Khmer reading accuracy and

fluency was compared with and without interword spacing. In
the first experiment, low-proficiency readers from Grade 6 read
texts aloud in alternating spaced and non-spaced paragraphs, with
practically no difference in accuracy and fluency measures. This is
noteworthy as there was some room for improvement in accuracy,
with 5% of syllables pronounced incorrectly, and more than a
third of uttered syllables being non-target syllables. Moreover,
approximately 20% of reading time, not including pauses between
paragraphs, was silent, showing that they did need to pause to
think about what they were reading. Under these conditions, an
intervention to improve readability could have been effective, but
interword spacing did not help. The only advantage was that in
the normal non-spaced condition, 1.5% of syllables were missed,
whereas in the spaced condition practically no syllables were
missed.

The second experiment compared reading times for finding
answers to questions that required comprehension through careful
reading. This condition was thought to be more educationally
relevant, probing the participants’ ability to find information
from a text. The higher number of participants and items could
also have detected a smaller difference between conditions.
Additionally, the texts were designed so that all words should
have been known to the readers. However, there was no sign of
any difference between the two spacing conditions. Given the
numerous differences between the two experiments’ methods and
the similarities between measures from each condition, the results
are quite unambiguous: in a real, pedagogical context, interword
spacing did not help Cambodian school students read Khmer
texts.

This first raises the question of why spaces did not help. The
eye-tracking studies with Thai readers (Kasisopa et al., 2013;
Winksel et al., 2009) found advantages in reading low-frequency
words, specifically in shorter total fixations and in helping
readers locate the centers of words. In Experiment 1, the text
included low-frequency words and was relatively difficult for the
participants, and so interword spacing could have helped. The
mean target syllable duration was 46ms, while the total fixation
time in Winksel et al. (2009) was much longer (>200ms), meaning
that this measure should have been sensitive enough to detect a
difference between conditions.

One explanation for this result could be that Khmer and Thai
readers view spaces differently. Khmer sometimes uses spaces as
punctuation, for example to separate list items, whereas Thai uses
commas. The incongruency of seeing spaces used differently in
Khmer may have hindered reading, offsetting any potential benefit
from interword spacing. Additionally, Khmer children are taught
to read entire syllables rather than to phonetically decode words.
For example, they learn that ™ is [ka:] and 15 1s [ke:], rather than
learning to read the consonant & and blend it with the vowel. In
this respect, although the Khmer alphabet is decodable, Khmer
readers may behave more like Chinese and Japanese readers,
seeing whole syllables like logographs. Another difference lies in
the socioeconomic background of the participants, who in the
present study were late starters and may therefore be differently
sensitive to interventions of a cognitive nature.

On the other hand, it is noteworthy that spacing did not hinder
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reading. English readers find it far more difficult to read English
when spaces are removed, but Khmer readers have seemingly no
difficulty in reading with spaces, despite the fact that this is not
how they normally read and that spaces are used as punctuation.
Moreover, 10% of students expressed a preference for the spaced
text and a further 8% had no preference.

Limitations

One potential limitation is that every participant in both
experiments was exposed to both spaced and unspaced conditions,
continually switching between the two. It is possible that longer
exposure to spaced text could have allowed participants to adapt
to the unusual format and a between-subjects design or more
longitudinal design might have yielded different results. Future
research could examine whether spacing Khmer text brings
advantages to reading with longer and uninterrupted exposure.
Another limitation is that comprehension was not tested in
Experiment | and only tested by multiple choice in Experiment
2. It may be interesting to investigate the comprehension of
longer passages without using multiple-choice responses. Finally,
interword spacing may benefit the reading of low-frequency words
that are known to the reader. A future study could specifically
teach target words first and then conduct the intervention with
those low-frequency words included in the texts.

Conclusion

In sum, interword spacing was not shown to be a practically
advantageous intervention for the target population. Evidence
from Thai adults in controlled experiments showed some
processing benefits to adding interword spacing to texts. However,
the benefits of interword spacing did not extend to educationally
relevant measures among low-literacy Cambodian teenagers
in a classroom context. The result highlights the importance of
testing general conclusions from the literature with a variety of
demographics, languages, and measures before implementing
real-world interventions. Moreover, further research is still needed
to find interventions to improve the target demographic’s reading
performance.
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Appendix B

Text with Interword Spaces

Translation
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Sopheak went to the market this morning. He was hungry so he
was looking for noodles. He could not find any noodles to eat,
but he saw a nice hat and a colorful T-shirt, so he bought it. He
then asked for another noodle shop but still could not find it. He
also bought an apple instead. Finally, he bought a banana and a
can of Coca-Cola on the way home.
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Manon went to the zoo yesterday. He hopes he will be excited
to see the elephant. However, before searching for the elephant,
he saw a fat monkey and a beautiful pink bird. He then asked
about the elephant but could not find it. He went to see the tiger
instead. He finally saw the scary spider and snake, but he did not
find the elephant.
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Sophea lives with her father in a village. Her house is small, but
she spends a lot of time with her best friend Lina, who lives next
door to her. Ratha and her sister Roth live in front of her house.
They live with their grandmother and their dogs are always
barking loudly, making a lot of noise. Across the bridge was her
brother's family. He lives with his wife and two children, Chhay
and Vanthorn.
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Sokha attended a large school with his brother Sok. They are in
the same class and they always sit in the same chair. Sokha sits
next to Sotin behind Ly Hour and in front of his cousin Sothea.
His teacher did not like him to sit next to Sok because they
talked and played a lot. So Sok has to sit behind the class. Sok
sits next to his friends Panha and Heang
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Panha’s schedule is very busy. On Mondays and Fridays he
studied mathematics and on Tuesdays he studied Khmer. On
Wednesday he studied history and on Thursday he studied
chemistry. He does his homework every evening with his friend
Sok, but he does not do it on Fridays because that is when they
play football. In the morning, they learn English and physics.
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She does a lot of work. On Saturdays and Sundays she plays
volleyball and on Tuesdays she plays football. On Wednesdays,
she takes her grandmother to a restaurant, and on Thursdays,
she learns traditional dances. She likes to hang out with Thida's
friends after school, but not on Sundays because Thida is going

to visit her family village. She cleans the house on Monday.
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Yesterday, Borey took the math exam. He worked hard all week
and he was very confident at the beginning of the exam. He
finished faster than the other students, but today he realized he
had failed. Some people will be disappointed with the result.
Some may be afraid to tell their parents or blame the teacher,
but Borey thinks it is good that he can learn from his mistakes.
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Yesterday, Manon’s sister stole his money. Today he has no
money to buy food. He did not yell at her because she usually
helped him and she told him she loved him. It's weird because
she has a job. He did not know if she had a problem or if she
thought it was just a joke. He will ask her tonight. His friend
shared lunch with him so he was not hungry.
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Samnang wants to learn English. His dream is to live in Canada,
so it really matters to him. He does not have a teacher to study
with, but that is not a problem because he has a lot of books and
he can study by watching videos on his phone. However, he did
not have anyone to practice with because he did not know any
foreigners and his friends did not care about English. They like
to play only football.
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Vatey practices basketball every day with her friends. She does
not have the right clothes or the basketball court, but that
does not matter because she can play in casual clothes and
she has created a basketball net at her home. However, she

does not know anyone who can teach her how to improve her

shortcomings and her friends can not help because they are not
good at basketball.
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Coffece is a very popular beverage. Some people drink 4 to 5 cups
of coffee every day. The first time you drink it gives you a lot of
energy. Some people feel good after drinking while some people
have a headache. The more you drink, the more coffee you have
and the less energy you have. Finally, you need to drink coffee
to feel awake and refreshed. And so people drink it every day. It
does not affect health if not drunk a lot.
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Sport is a popular pastime. Some people play many different
sports every day. Schools encourage children to play sports for
health and learn about teamwork, but that is not why people
choose to spend time outdoors and have fun when they want to
have fun. People want to meet friends and spend time together.
Playing can also make people feel happy.
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