
Purpose
This intervention study investigates whether three types of feedback on the 

kindergarten children’s invented spelling (early unconventional writing attempts) 

are effective for developing children’s knowledge of the alphabetic principle and 

related early literacy skills, and whether the type of feedback affects the degree 

of development.

Background
The three types of feedback on invented spelling were selected based on results 

from earlier intervention studies and experiences from developmental projects.

Feedback that directly models the process in invented spelling has, to differing 

degrees, been shown to have a positive influence on early literacy skills (e.g. 

Albuquerque & Alves-Martins, 2016; Levin & Aram, 2013; Martins & Silva, 2003, 

2006; Ouellette & Sénéchal 2008; Ouellette, Sénéchal et al. 2012, 2013, Pulido

& Morin, 2017). Feedback that provides the whole word as a way to develop 

quality of invented spelling and therefore does not model the process behind 

invented spelling directly has been shown to be less effective in developing early 

literacy skills (Levin & Aram, 2013, Pulido & Morin, 2017), but more effective than 

no feedback (Rieben, Ntamakiliro & Gonthier, 2005). 

In the Danish classroom it is common practice to allow children to write freely 

and provide whole word feedback by presenting them with the conventional 

spellings. The results from the above studies indicate that a weaker effect should 

be expected from this kind of feedback.

In a classroom setting, feedback that directly models the process in invented 

spelling poses a challenge because it is time-consuming and requires teachers 

to have detailed knowledge about phonemes, phoneme-grapheme connections 

and the development of invented spelling. 

In developmental projects (e.g. Saabye & Engmose, 2014) in Danish 

kindergarten classrooms, feedback from speech synthesis appeared to be 

effective in directing children’s attention towards getting the sound of the word 

right. This type of feedback may be comparable with feedback that directly 

models the process in invented spelling in that attention is drawn to identifying 

all segments in the word and choosing relevant phoneme-grapheme 

connections. Furthermore, technology is part of everyday life in Danish 

classrooms. Therefore, if speech synthesis could support feedback from the 

teacher, it would be a potentially beneficial tool in a kindergarten classroom 

context.

Invented spelling with feedback – can speech synthesis do the job? 

Questions
The above results and experiences allow the comparison of the three types of 

feedback. The comparison is formulated as three questions. 

1 Does receiving feedback while practising invented spelling aid the  

development of invented spelling, phoneme-grapheme knowledge, reading 

and phonological awareness? 

2 Is feedback that draws attention to the process in invented spelling more 

effective than whole word feedback?

3 Is feedback facilitated by speech synthesis as effective as feedback that 

draws attention to the process in invented spelling?

Design and method
The study has a pre-test, intervention, post-test, second post-test design: see 

figure 2. Only pre- and post-test results are presented in this poster.

Figure 2: Design of the study

Participants: A total of 109 Danish children from five kindergarten 

classrooms (6-7 years) were pre-tested. Only students who could read no 

more than four words at pre-test and didn’t score below the 25th percentile of 

the class in both invented spelling and phonological awareness were 

included. From the remaining 91 participants, 80 participants were randomly 

selected and assigned to one of four groups: three experimental groups and 

one control group. Twenty children participated in each group.

To minimize teacher effects, in every classroom four children were assigned 

to each of the four groups. To avoid the different groups affecting each other, 

training was conducted in a separate room. Trained speech and language 

therapy students carried out the intervention. The participants in the control 

group took part in regular classroom instruction, which included direct and 

systematic classroom-based instruction in phoneme-grapheme connections, 

phonological awareness, reading and spelling. 

Measures: Invented spelling (10 words pre-test, eight additional words at 

post-test). Half the words were practised during training and half were 

untrained but had similar structures. The score was a measure of distance 

from phonological acceptability and from conventional correctness (0-). This 

scoring system was inspired by Treiman et al. (2016). Reading (12 words). 

The score was number of conventional correct readings (0-12). Learning to 

read (5 words, 5 trials). The score was number of correctly read in each trial 

(0-25). This measure was modelled on Ehri & Wilce (1987). All the above 

tests were developed for this study. Cronbach’s alpha > .8. Phonological 

awareness (0-10) and phoneme-grapheme knowledge (0-20) were also 

included. These measures used standardized tests.

Training in the experimental groups took the form of 18 lessons of 20 

minutes each, distributed equally over six weeks. Children in the experimental 

groups wrote four words (one practise word included) in the first session and 

six in the following (three repeated from last session and three new). In total, 

they wrote 54 training words and one practise word. The difficulty of the words 

increased from session to session. The increase in difficulty was from regular, 

one-syllable words with simple structures to irregular and three-syllable 

words. All children wrote the words on computers and were told that they were 

making a dictionary for friendly aliens who didn’t know any Danish words. The 

only difference between experimental groups was the type of corrective 

feedback the children were exposed to: Whole word feedback, which didn’t 

model the process in invented spelling; Feedback on the process in invented 

spelling focusing on identifying all segments in the word and choosing 

relevant phoneme-grapheme connections; and speech synthesis-facilitated 

feedback, which read aloud as children were writing by applying the most 

salient sound for each letter and blending sounds continuously during writing. 

Examples of the different types of feedback are given in figure 1.

Results
There were no significant differences between groups at pre-test on spelling, 

reading, phoneme-grapheme knowledge and phonological awareness.
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First question
Differences between untrained words were used to evaluate whether receiving 

feedback while practising invented spelling improves the quality of invented 

spelling.

Differences in untrained words reflect how independent children have become in 

using the alphabetic principle when spelling, and since the purpose of the 

intervention was to develop this skill, quality of invented spelling for untrained 

words was the core measure from the invented spelling test. After adjustment for

Figure 3: Estimated marginal mean for each group for the distance of invented

spelling from conventional correctness (covariate: pre-test spelling CC = 27.79) 

and phonological acceptability (covariate: pre-test spelling PA = 26.08)

the distance from conventional correctness, only the speech-synthesis (p=.016) 

and the process group (p<.001) differed from the control group. The difference 

between the control group and the whole word group was only marginally 

statistically significant (p=.054), indicating that phonological acceptability is more 

sensitive to the learning achieved in the experimental groups.  

Answer to the first question 
Regardless of feedback method invented spelling seems to benefit the quality of 

invented spelling, though not for the whole word group when quality of invented 

spelling was measured as distance from conventional correctness. For reading, 

phoneme-grapheme knowledge, and phonological awareness, the pattern of 

results was comparable but did not reach significance.

Second and third questions
Whether process feedback is more effective than whole word feedback in 

developing quality of invented spelling and whether speech-synthesis feedback 

are comparably efficient is answered by evaluating the differences in estimated 

marginal means between the groups for untrained words. As figure 3 shows, the 

control group had the highest estimated marginal mean, followed by the whole 

word, speech synthesis, and process groups in that order. This sequence 

suggests that the answers to the second and third questions are ‘yes’ and ‘no’ 

respectively. From the estimated marginal means speech synthesis tends to be 

less effective than process feedback but more so than whole word feedback.

When we examine the effect size of the differences between the process and 

whole word groups, and the process and speech synthesis groups (see figure 4), 

the difference between speech synthesis and process is smaller (d=0.26 for 

phonological acceptability, d=0.34 for conventional correctness) and the 

difference between whole word and process is larger (d=0.41 and d=0.47). The 

difference in effect size 

suggests the same 

answers to the second 

and third questions as

the sequence for the

estimated marginal 

means.

No difference between experimental groups was statistical significant. Only 

the difference between process and whole word t(74)=1.82, p=0.073 partial 

η2=0.042, Cohen’s d=0.47 was marginal significant (distance from 

conventional correctness). This difference underlines the tendency in the data 

for process feedback to be more effective than whole word feedback.

Answers to the second and third questions
It cannot be confirmed with statistical significance that process feedback is 

more effective than whole word feedback. Furthermore, even though the data 

show differences between process feedback and speech synthesis feedback, 

it cannot with statistical significance be dismissed that speech synthesis is as 

effective as process feedback in developing invented spelling. The answer 

to the second and third questions is thus ‘no’ and ‘yes’ respectively. Taking

into account the tendency in the data from values of estimated marginal 

means and effect size then the opposite answer to the second and third 

questions seems more suitable.

Untrained versus trained words

For trained words the estimated marginal means for both conventional 

correctness and phonological acceptability indicate a somewhat different 

sequence than for the untrained words. From lowest to highest quality of 

invented spelling, the sequence is: control, speech synthesis, whole word, 

process. 

This suggests that what the children have learned in the whole word and 

speech synthesis groups differs. The whole word group had a learning 

advantage for the trained words and the speech synthesis group for the new 

words. This difference indicates that the children in the speech synthesis 

group developed the skills underlying invented spelling, including knowledge 

of the alphabetic principle, to a higher degree than those in the whole word 

group.

Conclusion and perspectives
Practising invented spelling with feedback significantly develops quality of 

invented spelling. In this study whole word feedback wasn’t significantly less 

effective in developing invented spelling than process feedback but the 

tendency in the data was towards process feedback being more effective 

than whole word feedback. 

The status of whole word feedback as the least effective type of feedback is 

also supported by the fact that it was the only experimental condition that did 

not consistently differ significantly from the control condition. This tendency 

accords with earlier findings. 

The non-significant difference between speech synthesis and process 

feedback and the significant difference between speech synthesis and the 

control condition suggest that feedback facilitated by a speech synthesis 

system has a possible future in an early classroom context as a method for 

developing quality of invented spelling. However, further studies are needed 

to confirm the effect and to investigate whether some children benefit more 

than others. 

Differences between estimated marginal means for trained and untrained 

words indicates that children in the speech synthesis group acquired the skills 

underlying invented spelling to a greater extent than children in the whole 

word group. This is further supported by the patterns in reading, letter-sound 

knowledge, and phonological awareness, which also favour speech synthesis 

feedback over whole word feedback.  

The lack of significant differences between experimental conditions and lack 

of effect in other early literacy measures in this study might be explained by 

small sample size. Further, the lack of effect in early literacy measures might 

also be due to the control condition in this study being strict, since they also 

used a lot of time in their classroom on developing early literacy skills.

Two measures of spelling were used in this study. As shown in figures 3 and 

4, the pattern of the results was similar but the difference between control 

and experimental groups was smaller for the conventional correctness 

measure. This may indicate that the phonological measure is more sensitive 

to what children in the experimental groups learned.
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Curious to see the 

speech synthesis

feedback in action? 

Use the QR code or 

follow this link: 

https://youtu.be/Qgz

UUkUvJ4U

Figure 1: Example of the feedback in each group.

Figure 4: Differences 

between process and whole 

word, and between process

and speech synthesis, for 

both distance from 

conventional correctness and 

phonological acceptability. 
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pre-test invented 

spelling, the 

quality of invented 

spelling at post-

test for the three 

experimental 

groups (whole 

word p=.012, 

speech 

synthesis 

p=.002, process

p<.001) differed 

from the control 

group in the 

distance from 

phonological 

acceptability. For 

0.50

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0


