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A B S T R A C T

The goal of this study was to compare the lexical spelling performance of children and

adolescents with specific language impairment (SLI) in two contrasting writing situations:

a dictation of isolated words (a classic evaluative situation) and a narrative of a personal

event (a communicative situation). Twenty-four children with SLI and 48 typically

developing children participated in the study, split into two age groups: 7–11 and 12–18

years of age. Although participants with SLI made more spelling errors per word than

typically developing participants of the same chronological age, there was a smaller

difference between the two groups in the narratives than in the dictations. Two of the

findings are particularly noteworthy: (1) Between 12 and 18 years of age, in

communicative narration, the number of spelling errors of the SLI group was not

different from that of the typically developing group. (2) In communicative narration, the

participants with SLI did not make specific spelling errors (phonologically unacceptable),

contrary to what was shown in the dictation. From an educational perspective or that of a

remediation program, it must be stressed that the communicative narration provides

children—and especially adolescents—with SLI an opportunity to demonstrate their

improved lexical spelling abilities. Furthermore, the results encourage long-term lexical

spelling education, as adolescents with SLI continue to show improvement between 12

and 18 years of age.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

The profile of children with specific language impairment (SLI) is characterized by a dissociation between cognition and
language: While cognition is relatively well-preserved, oral language skills are lacking, particularly where production is
concerned (Bishop, 1992; Botting & Conti-Ramsden, 2004; Leonard, 1998; McArthur & Bishop, 2001). In primary school, even
as early as kindergarten, these children also demonstrate learning difficulties in written language that continue through
adolescence (Bosman, Cordewener, & Verhoeven, 2012b; Snowling, Bishop, & Stothard, 2000; van Weerdenburg, Verhoeven,
Bosman, & van Balkom, 2011). We focused on one aspect of written language acquisition which proves important as early as
* Corresponding author at: Université de Poitiers - CNRS, Centre de Recherches sur l‘Apprentissage et la Cognition (CeRCA) - MSHS, Bâtiment A5, 5 rue
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the first year of primary school education: lexical spelling. Spelling difficulties particularly affect school performance and
learning (Savolainen, Ahonen, Aro, Tolvanen, & Holopainen, 2008), even if international bodies give priority to the evaluation
of reading (OECD, 2013, Programme for International Student Assessment-PISA 2012). At school, the level of lexical spelling
of children with SLI has traditionally been evaluated through dictations of isolated words, particularly in early learning. The
goal of our study was to determine whether this situation enables children and adolescents to best demonstrate their lexical
spelling abilities. By comparing the performance obtained in dictations of isolated words with those of narratives, we will be
able to propose ways in which to improve lexical spelling education and the best conditions in which to evaluate children
and adolescents.

As is the case in other languages, such as English, French spelling is not only a representation of French phonology, but
also of aspects linked to morphology and syntax. Lexical, morphological, and syntactic features which do not appear at the
phonological level can therefore be shown through spelling. As a result, graphemes in French are more numerous than
phonemes, and one phoneme can therefore be represented by several graphemes. Contrary to reading, where the grapheme–
phoneme correspondences are relatively regular, in writing, the phoneme–grapheme correspondence is more complex, and
a phonetic analysis of words does not suffice. To correctly spell words in French, the writer must use linguistic knowledge—
phonological, morphological, lexical, and syntactic—which extends far beyond the mastery of phoneme–grapheme
conversions (Ziegler & Goswami, 2005; Ziegler, Jacobs, & Stone, 1996).

The main models of typical spelling acquisition suggest that a child employs different strategies throughout the process of
learning how to spell. These models can generally be divided into a non-spelling phase, a spelling phase (‘‘logographic
phase’’), necessitating phonological mediation (‘‘phonographic phase’’), and a phase founded on the retrieval from long-term
memory of a stored representation of the spelling of words (‘‘orthographic phase’’) (see Ehri, 1995; Frith, 1985; Seymour,
1999). However, even from their very earliest learning experiences, children exhibit sensitivity to different kinds of linguistic
information, particularly to certain graphotactic or morphological regularities via implicit learning (Pacton & Deacon, 2008;
Pacton, Fayol, & Perruchet, 2005). Learning to spell consists of progressively mastering two strategies: phonological
mediation, and the retrieval of memorized spelling forms. Both strategies are based on two procedures: A sublexical
procedure based on phonological to orthographic conversion rules (so-called phonological assembly procedure) and a lexical
procedure, which relies on accessing word specific memory (so-called lexical retrieval procedure). Spelling difficulties can
stem from either of these two procedures (Sprenger-Charolles, Siegel, & Bonnet, 1998; Treiman & Bourassa, 2000).

Previous studies on lexical spelling have involved children and adolescents with SLI between the ages of 4 and 16. These
studies have contributed data with regard to both dictation and narrative and can be presented in three age groups: 4–6
years of age, 6–8 years of age, and 7–8 to 16 years of age.

Research has been carried out in English with regard to the preschool period which precedes explicit writing instruction
and involves children between the ages of 4 and 6. Boudreau and Hedberg (1999) evaluated the level of knowledge of specific
written language concepts in children with SLI (for example, the knowledge of the conventional manner of writing from left
to right, the typology of letters, and the position of a title within a text). These authors used standardized tests such as Clay’s
Concepts About Print (CAP) (1979) and the Preschool Word and Print Awareness Assessment (PWPA) (Justice & Ezell, 2004).
Cabell, Justice, Zucker, and McGinty (2009) also evaluated the development of writing the first name by means of the PALS-
PreK Name Writing task (Invernizzi, Sullivan, & Meier, 2001). These studies demonstrated that children with SLI have a
weaker understanding of concepts related to writing, and a weaker performance on the name-writing task than typically
developing (TD) children. It should be noted, however, that this pattern of results was not observed across all participants:
One-third of them did quite well on both tasks (Cabell et al., 2010).

Very recent Dutch-language studies focused on the ability of children with SLI between the ages of 6 and 8 to write out
isolated graphemes and graphemes within a word (Cordewener, Bosman, & Verhoeven, 2012a); they were also asked to
write out monosyllabic words from the ‘‘SchaalVorderingen in Spellingvaardigheid 1 Dictee 2’’ dictation exam (van den
Bosch, Gillijns, Krom, & Moelands, 1991). These studies examined whether spelling acquisition is slower in children with SLI
but goes through the same steps as typically developing learners (Cordewener et al., 2012b). Furthermore, the authors
looked into the effect of word consistency (the regularity of phoneme–grapheme correspondence) on spelling ability. They
showed that the learners with SLI spelled fewer words correctly than their typically developing peers, but their performance
was the same in two dimensions: On the one hand, both the learners with SLI and their typically developing peers
demonstrated lexical spelling which did not vary with the kind of grapheme (the consonants were not spelled better or
worse than the vowels). On the other hand, the first graphemes were spelled better than the middle and end graphemes. In
contrast, learners with SLI performed differently than their typically developing peers in two ways: First, they had greater
success spelling short words containing few graphemes and second, they had difficulty spelling inconsistent graphemes
(Cordewener et al., 2012a).

Starting at 7 years of age, English-speaking children with SLI were primarily evaluated through written narrative tests.
Bishop and Clarkson (2003) asked participants between the ages of 7 and 13 to tell a story based on five photos. The
participants with SLI made more lexical errors than the typically developing participants. In addition, they produced more
specific errors such as phonologically unacceptable errors, nonexistent in typically developing participants. This particular
study used a dictation of words pulled from the ‘‘Graded Word Spelling Text’’ (Vernon, 1977) as a pre-test for the selection of
participants who were expected to achieve a minimal spelling score. Using a narrative test analogous to that of Bishop and
Clarkson (2003), Fey, Catts, Proctor-Williams, Tomblin, and Zhang (2004) showed that the written production of text by
children with SLI between the ages of 7 and 9 contained fewer words than that of typically developing children and that the
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children with SLI made less progress than the typically developing children in this area throughout the period of study.
Dockrell, Lindsay, and Connelly (2007) studied the way in which spelling performance evolved in children with SLI based on
two standardized tests: a dictation of regular and irregular words given to 8-year-old children (from a lexical spelling scale
taken from the British Abilities Scale II, Elliott, Murray, & Pearson, 1997), and a written narrative test given to 10-year-old
children (from the WOLD, Wechsler, 1996b) in which the participants were asked to write a letter describing their ideal
house. The results showed that at 8 years of age in the word dictation, the children with SLI had difficulties with spelling, and
that at 10 years of age in the narrative task, they produced texts containing fewer words than the test norms. Mackie and
Dockrell (2004) used a PSLT narrative test (Myklebust, 1965) which required participants to produce a written text based on
a visual stimulus (six images from a storybook without words). The lexical spelling performance of 11-year-old children with
SLI indicated that the written texts were shorter than those of typically developing children of the same age, but they did not
contain any more lexical spelling errors. Finally, Dockrell, Lindsay, and Connelly (2009) used the WOLD written narrative test
(Wechsler, 1996a,b) with 16-year-old adolescents with SLI. The participants produced texts containing fewer words and a
greater number of lexical spelling errors than the test norms.

Together, these studies create a solid collection of data revealing the lexical spelling difficulties experienced by
participants with SLI. However, the results still contain variations: interindividual variations (Cabell et al., 2010), variations
according to the characteristics of the dictation words (Cordewener et al., 2012a, 2012b) and variations according to the kind
of tests in the written narration situations. The authors used narratives produced from photographs or images (Bishop &
Clarkson, 2003; Fey et al., 2004; Mackie & Dockrell, 2004) or produced as ‘‘descriptive writing’’ (Dockrell et al., 2007, 2009).
The last case involved a descriptive task, and not a narrative that needed to conform to the canonical narrative schema
(Berman & Slobin, 1994). The narratives used in the existing research were not communicative: Each of them involved
carrying out an academic exercise and not transmitting information to a recipient who was in need of the information.
Finally, none of the existing research compared the performance of the same participants in the dictation and narrative tasks.

On this basis, the present study aimed to compare the lexical spelling performance of a dictation of isolated words (a
classic evaluative situation) and a narrative of a personal event (a communicative situation). The tasks of dictation and
narrative solicit different cognitive processes. The spelling of dictated words only engages orthographic and graphomotor
processes, while writing a narrative additionally requires the processes of planning, putting into text, and revising, all of
which come into play at various levels of the task, both in a specific and a general manner (for a detailed description of these
processes, see Alamargot & Chanquoy, 2001). Furthermore, these processes put great demand on working memory,
particularly in novice writers (for reviews, see Olive, 2004, 2011). Indeed, several studies have demonstrated a decrease in
the working memory of children with SLI (Alloway & Archibald, 2008; Archibald & Gathercole, 2006; van Daal, Verhoeven,
van Leeuwe, & van Balkom, 2008). The analysis of the cognitive processes involved in the two tasks, then, leads to the
formulation of the following hypothesis: The heavy demands involved in producing the written narrative text, especially for
the youngest children (Olive, Favart, Beauvais, & Beauvais, 2009), combined with the compromised working memory
capacity of children with SLI, could lead to greater difficulties in written narrative than in dictation.

While the dictation and narrative tasks call upon different cognitive processes, they also differ with regard to the social
challenges they represent. The dictation situation requires the person under evaluation to adhere to the academic system,
one of whose principles is that a novice ‘‘must show what he or she knows’’ to an expert. It is difficult to determine the degree
of adherence to this social challenge or its very understanding, varying with factors ranging from social background to stress.
The dictation tests knowledge of the written code, not the ability to transmit information to another person through the use
of this code. Pragmatic language theories (Austin, 1962; Grice, 1975; Noveck & Sperber, 2004; Searle, 1969; Verschueren,
1999) enable the variation of structural language aspects to be predicted according to the situations being used. This
prediction applies both to oral language in children (Bernicot, 1994; Bernicot, Comeau, & Feider, 1994; Bernicot, Laval, &
Chaminaud, 2007; Bernicot & Mahrokhian, 1989; Clark & Bernicot, 2008), and to written language in adolescents (Berman,
2005; Bernicot, Volckaert-Legrier, Goumi, & Bert-Erboul, 2012; Volckaert-Legrier, Bernicot, & Bert-Erboul, 2009). In a
communicative situation such as the narration of a personal event unknown to the addressee, the writers must respect
Grice’s Cooperative Principle by adapting their message for the addressee so as to ensure a successful interaction. In
particular, in order to respect the maxim of manner ‘‘make yourself clear,’’ they make an effort to produce a message that is
understandable for the addressee: A solid conformity to the common code of phoneme–grapheme transcription is one of the
structural elements that can improve the way in which the addressee interprets the message. Children and adolescents with
SLI are generally thought of as not having serious difficulties in the areas of pragmatics and social cognition (Bishop, 2002;
Leonard, 1998). The respect of the maxim of manner has never been specifically studied with regard to SLI, but previous
studies have interesting data to contribute. Surian, Baron-Cohen, and van der Lely (1996) have shown that, where the
maxims of quantity, quality, and relation are concerned, children with SLI are no different from their language-matched
typically developing peers: they performed above chance. Katsos, Roqueta, Clemente Estevan, and Cummins (2011) carried
out an in-depth study on the maxim of quantity, ‘‘Say as much as necessary’’. These authors carried out the study, based on an
oral test, with participants with SLI between the ages of 4 and 9 (the task involved detecting expressions in which the
quantity of information was not sufficient for the expressions to be understood). The children with SLI gave fewer answers
showing pragmatic understanding than did their age-matched typically developing peers, but about the same number of
answers as those of typically developing children of a younger age group (3–8 years of age) at the same linguistic level.
Furthermore, the explanations of the answers given by the children with SLI were no different from those of typically
developing children. The results of Surian et al. (1996) and Katsos et al. (2011) lead to the conclusion that the pragmatic
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abilities of children with SLI correspond to their linguistic level: Therefore, they have the pragmatic abilities of slightly
younger typically developing children. Based on an analysis of the pragmatic abilities used in the dictation and narrative
tasks, and by extending the reasoning to written language, the following hypothesis could be formulated: In a situation of
communicative narration in which a writer must transmit new information to an addressee, lexical spelling performance
will be better than in a dictation of isolated words.

To test these two hypotheses, we worked with both typically developing participants and SLI participants who had been
presented with the two writing situations. We took into account a wide developmental period, from 7 to 18 years of age, split
into two groups: 7–11 and 12–18 years of age. In the analysis of the cognitive processes involved in the dictation and
narration tasks, we expected the participants with SLI to show more spelling difficulties in the narrative than in the dictation.
Conversely, an analysis of the pragmatic skills involved in these two tasks allowed us to predict that participants with SLI—
who have a weak lexical spelling performance in classic evaluations—should especially benefit from the written
communicative narrative situation. This situation would indeed enable them to more adequately express their potential for
correctly spelling words in order to be better understood by the recipient of the narratives.

2. Method

2.1. Participants

Twelve children with SLI between the ages of 7 and 11 (10 boys, 2 girls) and 12 adolescents with SLI between the ages of
12 and 18 (7 boys, 5 girls) participated in this study (cf. Table 1). These children and adolescents were all native French
speakers and had been diagnosed at the Centre Référent des Troubles du Langage, CRTL (Referral Center for Language
Disorders), of the Henri Laborit Hospital in Poitiers, France. They exhibited a specific developmental difficulty whereby their
abilities to use oral language were significantly lower than their corresponding mental age, but their language
comprehension fell within normal limits. These features demonstrated a specific clinical presentation with dissociation: a
perturbed production of oral language, no comprehension difficulties, and preserved cognition (Weschler’s Intelligence Scale
Performance> 80; WISC III, Wechsler, 1996a). Following Leonard (1998), the inclusion criteria of the SLI participant group
was a score of at least 1.25 standard deviations below the mean on the two following standardized language tests: BILO2
(Bilan Informatisé du Langage Oral, Khomsi, Khomsi, & Pasquet, 2007) and N-EEL (Nouvelles Epreuves pour l’Examen du
Langage, Chevrie-Muller & Plazza, 2001) for 7-year-olds, and BILO3C (Khomsi, Khomsi, Pasquet, & Parbeau-Guéno, 2007) and
L2MA (Langage Oral, Langage Ecrit, Mémoire et Attention, Chevrie-Muller, Simon, & Fournier, 1997) for 8 years and older. The
SLI diagnosis met the criteria of an ‘‘expressive language disorder’’ (F80.1) as defined in the ICD-10 classification by the
World Health Organization (OMS, 2001) of mental and behavioral disorders in children and adolescents. Furthermore, the
participants were not suffering from any neurological, sensory, relational, or scholastic disorders.

Also participating in this study (cf. Table 1) were 24 typically developing (TD) children between the ages of 7 and 11 and
24 TD adolescents between the ages of 12 and 18, all of whom had no linguistic or cognitive disorders. They were paired with
participants with SLI according to age1, gender, and the socio-cultural level of their parents. All of the participants in the
study, both TD and with SLI, were enrolled in ordinary classes in and around Poitiers, France: The children were in primary
school while the adolescents were in middle school and high school.

2.2. Procedure

The testing took place individually at the schools and at the CRTL. The two writing situations, a dictation of isolated words
and a communicative narrative, were part of a protocol including other complementary tasks (oral, memory, and visuo-
spatial). To prevent the dictation words from influencing the narrative (which consisted of telling about a personal event),
the testing order of the two writing situations was the same for all the participants: first the narrative, then the dictation.

2.2.1. Word dictation situation

This situation evaluated spelling abilities through isolated words. Selected from the ODEDYS (Outil de Dépistage des
Dyslexies, Zorman & Jacquier-Roux, 2002; Zorman, Valdois, & Jacquier-Roux, 2002), the situation consisted of a dictation of
10 regular words, 10 irregular words, and 10 pseudowords (cf. Appendix A) and lasted 5 min. Each of the participants was
provided with a blank three-column table and asked to write down the dictated words one by one (cf. Examples 1 and 2, see
Appendix A for the correct forms).

2.2.2. Communicative narrative situation

This situation evaluated spelling abilities in a context of communication (a narrative relating a personal event to a person
unknown to the writer and who needs the information) when these abilities are employed simultaneously with cognitive
writing abilities (planning, putting into text, and revising). The chosen situation was an inspiration of the Spencer Project,
‘‘Developing Literacy in Different Contexts and Different Languages, 1997–2001’’, under the direction of Ruth Berman
1 We chose not to create a group of children matched for language age as these children would have been too young to carry out the writing tasks.



Table 1

Characteristics of the participants with SLI and typically developing participants (TD).

Participants Number Age mean Age minimum Age maximum SD Gender

SLI Children 12 8.94 7.66 11.00 1.12 83.33% boys 16.67% girls

Adolescents 12 14.33 12.08 17.50 1.77 58.33% boys 41.67% girls

TD Children 24 8.85 7.50 11.16 1.07 83.33% boys 16.67% girls

Adolescents 24 14.05 12.25 17.66 1.41 58.33% boys 41.67% girls
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(Berman, 2005; Berman, Ragnarsdóttir, & Strömqvist, 2002; Berman & Verhoeven, 2002). The researcher explained the
following to each participant: ‘‘I’m a university student and I have a project to do. For this project, I must collect stories about

conflict situations in schools. I’ve already collected quite a few stories, but I still need some more. Could you help me? Right now, I’m

looking for stories about situations of theft or fighting in primary schools/in middle schools/in high schools (depending on the
grade level of the participant). I think you’ve already had to deal with a situation of theft or fighting at primary school/at middle

school/at high school. Could you tell me that story? I’d like you to tell me the story in writing and make it as complete as possible so

that I can really understand what happened. If you make a mistake or if you want to change something, you can cross it out and

keep writing.’’ The participants found themselves in an unfamiliar writing situation at school: They needed to produce a text
as a favor for an adult who was present throughout the entire writing process. After a period of reflection, the participants
began writing with spontaneity. The narrative situation lasted a total of 10–15 min. Examples 3 and 4 illustrate what the
participants produced.
[(Example_1)TD$FIG]

Example 1. Dictation produced by Alex, 10 years 9 months, child with SLI.

[(Example_2)TD$FIG]

Example 2. Dictation produced by César, 8 years 2 months, TD child.



[(Example_3)TD$FIG]

Example 3. Kévin, 12 years 6 months, adolescent with SLI.

[(Example_4)TD$FIG]

Example 4. César, 8 years 2 months, TD child.
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3. Coding

The word dictation and the written narratives, written by hand by the participants, were transcribed so as to remain
faithful to the original text, including the lower-case and/or upper-case letters, anything crossed out as well as the
punctuation in the narratives. The spelling errors were recorded afterwards. An error was considered a spelling error when it
was contained in the invariable part of the word, that is, when it was not produced in a part of the word that marked a
grammatical function (cf. Appendices B and C). Finally, a distinction was made between phonologically acceptable spelling
errors and phonologically unacceptable spelling errors. An error was deemed phonologically acceptable when it did not
modify the pronunciation of the word in question when orally expressed. An error was deemed phonologically unacceptable
when it modified the pronunciation of the word in question when orally expressed.

The length of the narratives was measured in terms of the ‘‘number of words’’ produced, counted automatically with
Excel1.

4. Results

The results were analyzed by first comparing the two situations (dictation/narrative), and then by considering each
situation in detail. The various dependent variables were analyzed using ANOVA. The results were considered significant at
.05.

4.1. Dictation/narrative comparison: number of spelling errors

The analysis compared the number of spelling errors in the situations of isolated word dictation and communicative
narrative. A 2� 2� 2 ANOVA was conducted on the number of spelling errors per word, with group (SLI vs. TD) and age (7–11
years of age vs. 12–18 years of age) as between-subjects factors, and with situation type (dictation vs. narrative) as a within-
subject factor.

The group� age� type of situation interaction was not significant (F(1, 68) = 1.01, p = .32). The situation� group
interaction was significant (F(1, 68) = 28.17, p< .0001, h2 = .29), as indicated in Fig. 1. The difference in performance between
the participants with SLI and the TD participants (more errors by SLI participants than by TD participants) was smaller in the
narrative than in the dictation. The planned comparisons showed a significant difference between the participants with SLI
and the TD participants in the two situations, both in the narrative (F(1, 68) = 20.15, p< .0001) and in the dictation (F(1,
68) = 56.57, p< .0001). Overall, the TD participants made few spelling errors: two errors for every 10 words in the dictation
and one error for every 10 words in the narrative. The participants with SLI did far better in the narrative than in the
dictation: five errors for every 10 words in the dictation and two errors for every 10 words in the narrative.

It should be noted that the age� group (F(1, 68) = 1.62, p = .21), as well as the age� situation (F(1, 68) = 2.28, p = .13)
interactions were not significant.

The effect of age was significant (F(1, 68) = 41.83, p< .0001, h2 = .38): Children made more spelling errors (M = .28;
SD = .22) than adolescents (M = .11; SD = .15). The group effect was significant (F(1, 68) = 52.01, p< .0001, h2 = .42):
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Fig. 1. Mean number of lexical spelling errors per word in the dictation and narrative situations in participants with SLI and typically developing participants

(TD). The error bars show the standard errors.
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Participants with SLI made more spelling errors (M = .33; SD = .26) than TD participants (M = .13; SD = .13). The situation
effect was also significant (F(1, 68) = 111.17, p< .0001, h2 = .62): The participants made more spelling errors in the dictation
(M = .32; SD = .24) than in the narrative (M = .14; SD = .14).

4.2. Dictation of isolated words

The number of spelling errors per word in the dictation task was first analyzed according to the type of words (regular,
irregular, pseudowords) and then according to the type of spelling errors (phonologically acceptable or unacceptable).

4.2.1. Number of spelling errors in dictation and the effect of word type: regular, irregular, pseudowords

A 2� 2� 2 ANOVA was conducted on the number of spelling errors per word with group (SLI vs. TD) and age (7–11 years
of age vs. 12–18 years of age) as between-subject factors, and with word type (regular vs. irregular vs. pseudowords) as a
within-subject factor. The group� age� type of word interaction was not significant (F(1, 68)< 1). The main effects are
described below.

4.2.1.1. Number of errors. The group� age interaction was not significant (F(1, 68)< 1). The group effect was significant (F(1,
68) = 56.57, p< .0001, h2 = .45): The participants with SLI made more spelling errors (M = .47; SD = .25) than the TD
participants (M = .17; SD = .15). The age effect was also significant (F(1, 68) = 28.49, p< .0001, h2 = .29): The children made
more spelling errors (M = .43; SD = .24) than the adolescents (M = .21; SD = .19); see Fig. 2.

4.2.1.2. Type of word. The group� type of word interaction was significant (F(2, 136) = 6.06, p< .01, h2 = .08; see Fig. 3. The
participants with SLI and the TD participants did not have the same difficulties when faced with the different types of words.
The participants with SLI made fewer spelling errors in regular words (M = .31; SD = .30) than in pseudowords (M = .52;
SD = .29; F(1, 68) = 35.10, p< .0001) and irregular words (M = .58; SD = .30; F(1, 68) = 37.66, p< .0001). No difference was
found between pseudowords and irregular words (F(1, 68) = 1.87, p = .18). The TD participants, however, produced fewer
spelling errors in regular words (M = .11; SD = .12) and pseudowords (M = .14; SD = .15) than in irregular words (M = .27;
SD = .26, respectively F(1, 68) = 27.11, p< .0001 and F(1, 68) = 16.49, p< .0001). No difference was found between regular
words and pseudowords (F(1, 68) = 1.58, p = .21).

The effect of the type of word was significant (F(2, 136) = 35.75, p< .0001,h2 = .34). The participants made more spelling
errors in irregular words (M = .43; SD = .31) than in pseudowords (M = .33; SD = .27) and regular words (M = .21; SD = .22).

Accordingly, the TD participants only had difficulty with the irregularity of words, while the participants with SLI had
difficulty with both the irregularity and the newness of the words, even when the words were phonologically regular like
pseudowords.

4.2.2. Type of error in dictation: phonologically acceptable vs. unacceptable

The analysis of the type of spelling error only applied to regular and irregular words. Pseudowords were excluded since
the errors they contained could only be phonologically unacceptable errors. A 2� 2� 2 ANOVA was conducted on the
number of spelling errors per word, with group (SLI vs. TD) and age (7–11 years of age vs. 12–18 years of age) as between-
subjects factors, and with type of error (PA: phonologically acceptable vs. PU: phonologically unacceptable) as a within-
subject factor.
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Fig. 2. Mean number of lexical spelling errors per word in the dictation situation in participants with SLI and typically developing participants (TD), children

(7–11 years of age) and adolescents (12–18 years of age). The error bars show the standard errors.
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The interaction between group, age, and type of spelling error was significant (F(1, 68) = 13.96, p< .001, h2 = .17); see
Fig. 4. The effect of the type of error varied with group and age. It should be noted that the interaction between the type of
spelling error and the group was also significant (F(1, 68) = 18.50, p< .0001, h2 = .21). Between the ages of 7 and 11, the
participants with SLI made more phonologically unacceptable spelling errors than phonologically acceptable spelling errors.
This effect was the opposite in TD participants. The planned comparisons indicated a significant difference between
phonologically acceptable spelling errors and phonologically unacceptable spelling errors in children with SLI between the
ages of 7 and 11 (F(1, 68) = 18.62, p< .0001): These children made more phonologically unacceptable spelling errors (M = .39;
SD = .27) than phonologically acceptable errors (M = .17; SD = .13). In the TD children, the difference was inverted (F(1,
68) = 14.01, p< .001): They made fewer phonologically unacceptable errors (M = .08; SD = .09) than phonologically
acceptable errors (M = .22; SD = .12). However, no significant difference was observed between the two kinds of errors in
either adolescents with SLI (F(1, 68)< 1) or TD adolescents (F(1, 68) = 1.60, p = .21). Overall, there was no effect of the type of
spelling error (F(1, 68)< 1).

In sum, between 7 and 11 years of age, the participants with SLI made more specific errors (phonologically unacceptable,
4 errors for every 10 words) than did TD participants (1 error for every 10 words). These specific errors tended to disappear
between 12 and 18 years of age.
[(Fig._3)TD$FIG]
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Fig. 3. Mean number of lexical spelling errors per word in the dictation situation in participants with SLI and typically developing participants (TD), for

regular, irregular, and pseudowords. The error bars show the standard errors.
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Fig. 4. Mean number of lexical spelling errors per word in the dictation situation in participants with SLI and typically developing participants (TD), children

(7–11 years of age) and adolescents (12–18 years of age), according to the type of spelling error, phonologically acceptable (PA) vs. phonologically

unacceptable (PU). The error bars show the standard errors.
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4.3. Communicative narrative

We began the analysis of the communicative narrative task by examining the length (in number of words) of the
narratives. We then examined whether the spelling errors present in the narratives were phonologically acceptable or
unacceptable. However, because the length of the narratives varied with the age and group of the participants, we analyzed
the number of phonologically acceptable or unacceptable spelling errors per word.

4.3.1. Number of words in the narratives

The analysis focused on the number of words in the narratives, which was analyzed with a 2� 2 ANOVA, with group (SLI
vs. TD) and age (7–11 years of age vs. 12–18 years of age) as between-subjects factors.

The group� age interaction was not significant (F(1, 68)< 1); see Fig. 5. The group effect was significant (F(1, 68) = 8.00,
p< .01, h2 = .10): The narratives written by participants with SLI (M = 30.67; SD = 32.15) were shorter than those written by
TD participants (M = 51.46; SD = 34.36). The effect of age was also significant (F(1, 68) = 19.70, p< 0001, h2 = .22): The
narratives written by children (M = 24.75; SD = 20.28) were shorter than those of adolescents (M = 57.38; SD = 38.33).

4.3.2. Number and type of spelling errors in the narratives

The ‘‘number of spelling errors per word’’ in the narratives was analyzed with a 2� 2� 2 ANOVA, with group (SLI vs. TD)
and age (7–11 years of age vs. 12–18 years of age) as between-subjects factors, and with type of error (PA: phonologically
acceptable vs. PU: phonologically unacceptable) as a within-subject factor.[(Fig._5)TD$FIG]
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Fig. 5. Mean number of words in the narrative situation in participants with SLI and typically developing participants (TD), children (7–11 years of age) and

adolescents (12–18 years of age). The error bars show the standard errors.
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Fig. 6. Mean number of lexical spelling errors per word in the narrative situation in participants with SLI and typically developing participants (TD), children

(7–11 years of age) and adolescents (12–18 years of age). The error bars show the standard errors.
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The group� age� type of error interaction was not significant (F(1, 68)< 1), and the interactions of group� type of error
(F(1, 68) = 3.54, p = .06) and age� type of error (F(1, 68)< 1) were also not significant. The group� age interaction was
significant (F(1, 68) = 4.36, p< .05, h2 = .06). The difference between the SLI group and the TD group was greater in children
than in adolescents (see Fig. 6). The planned comparisons showed a significant difference (F(1, 68) = 21.62, p< .0001)
between children with SLI (M = .31; SD = .18) and TD children (M = .13; SD = .11); this difference was not significant for
adolescents F(1, 68)< 1).

Thegroupeffectwassignificant(F(1,68) = 20.15,p< .0001,h2 = .23):TheparticipantswithSLImademorespellingerrors(M = .10;
SD = .14)thantheTDparticipants(M = .04;SD = .06).Theageeffectwasalsosignificant(F(1,68) = 38.30,p< .0001,h2 = .36):Children
made more spelling errors (M = .11; SD = .13) than adolescents (M = .03; SD = .04). The effect of error type was not significant (F(1,
68) = 1.98, p = .16): There was no difference between the phonologically acceptable and phonologically unacceptable errors.

5. Discussion

The objective of the present study was to compare the lexical spelling performance of children and adolescents with SLI in
two contrasting writing situations. The first, a dictation of isolated words, is a classic situation used in schools to evaluate a
student’s spelling level. The second, a communicative narrative, is a situation involving a shared and collaborative social
challenge since the writer must transmit information to a present addressee who is in need of the information and is
unaware of its contents. In this second case, the writing is no longer the object of evaluation, but rather a communication tool
between two partners. Considering the cognitive processes involved in these two tasks, the narrative requires more complex,
higher-level processes than the dictation and puts greater demands on working memory, which was expected to lead to
weaker spelling performance in comparison to the dictation. Conversely, considering the pragmatic skills involved, the
performance of children and adolescents with SLI was expected to be stronger in narrative than in dictation.

The results of this research revealed variations linked to the proposed situation, the group, the age of the participants, and the
dependent variables. Our hypothesis was confirmed with regard to the role of the participants’ pragmatic abilities in writing
correctly: Compared with typically developing participants of the same chronological age, participants with SLI had less difficulty
with the communicative narrative than with the dictation of isolated words. It would seem that in the narrative, their pragmatic
ability to become engaged in the written interaction leads to a better level of lexical spelling than in a non-communicative
situation such as a dictation. These results are consistent with the findings of Surian et al. (1996), as well as the data of Katsos et al.
(2011). Furthermore, the profile of evolution with age differs between the two situations: In the dictation of isolated words,
participants with SLI made more spelling errors than TD participants both at 7–11 years of age and 12–18 years of age. In the
communicative narrative, this difference was no longer significant between 12 and 18 years of age. Finally, in the dictation of
isolated words (but not in the communicative narration), the participants with SLI made phonologically unacceptable errors that
were nonexistent in the TD participants. The better performance in the narrative than in the dictation could be explained if the
words used in the narratives were easier than those in the dictation. This is not the case: To the contrary, the words in the narratives
were less consistent than those in the dictation, therefore deemed more likely to be harder to spell.2
2 For each word written by the participants, the degree of consistency of phoneme–grapheme correspondence was determined with regard to its position

in the word: beginning, middle, end. This index corresponds to the percentage of occurrences for a French-language phoneme–grapheme correspondence in

the Manulex-infra database (Peereman, Lété, & Sprenger-Charolles, 2007): the higher the percentage, the more consistent the grapheme. The medians of

consistency of the 20 dictation words (beginning = 96.69%, middle = 91.77%, end = 98.15%) were higher than those of content words (common nouns, verbs,

adjectives, and adverbs) produced in narrative (beginning = 91.92%, middle = 73.38%, end = 37.75%).
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In terms of the situation of isolated word dictation, our results complemented existing research (Cordewener et al., 2012a,
2012b; Dockrell et al., 2007) carried out on children between 4 and 8 years of age. In our study, the participants with SLI
between the ages of 7 and 18 that were evaluated by means of this situation made more spelling errors than TD participants,
and were penalized not only by the words’ irregularity but also by their newness, even when they were phonologically
regular (pseudowords). Furthermore, in participants with SLI, an interesting learning ability was brought to light: The
specific lexical (phonologically unacceptable) spelling errors that characterized the 7-to 11-year-old phase almost
completely disappeared between 12 and 18 years of age.

In the communicative narration situation, in contrast to Bishop and Clarkson’s (2003) evaluative narration from
photographs, we did not observe any specific errors (phonologically unacceptable) in the participants with SLI. For the 12–
18-year-old age group, our results showed that the difference between the TD group and the SLI group no longer existed
with regard to the number of lexical spelling errors. In the existing research concerning evaluative (and not
communicative) narrations, participants with SLI made more lexical spelling errors than TD participants (Bishop &
Clarkson, 2003; Fey et al., 2004) except at age 11 in the study by Mackie and Dockrell (2004). The strong lexical spelling
performance by participants with SLI in communicative narration could be explained if they chose words they knew
particularly well and with consistent, regular phoneme–grapheme correspondences. This reservation can be refuted by
three arguments. First of all, the subject of the communicative narration was not freely chosen: It was strongly limited by
the instructions (recount a theft or a fight that took place in a school setting). Second, we verified the absence of difference
with regard to the distribution of word types (function words/content words) between the two groups3: The positive
performance of participants with SLI in the narrative cannot be explained by an overuse (as compared to TD participants) of
short function words that appear frequently and therefore are well-known. Finally, we verified that the consistency of the
words used in both groups was the same4: The participants with SLI did not use more consistent words that their TD
counterparts.

The difficulties in written language experienced by the participants with SLI must, of course, be emphasized: A
dictation is a difficult situation where lexical spelling is concerned, and the communicative narrations of the participants
with SLI were shorter than those of the TD participants. However, from a professional vantage point grounded in an
instructional process and/or in a remediation program, it is notable to have demonstrated that the communicative
narration is a situation that allows children and adolescents with SLI to fully express their lexical spelling potential.
These results should—particularly for children and adolescents with SLI—lead to spelling evaluations not being limited
to dictations, as has traditionally been the case in schools. This could then reduce an overpathologization of their
disorder as a form of dysorthography. In conclusion, we find it important to stress that the lexical spelling education of
those with SLI must be considered over the long term, as adolescents continue to show improvement from 12 to 18 years
of age.

In addition to all of the controls we carried out (comparison of the consistency of the words in the dictation/
narrative and the TD/SLI groups, the comparison of the kind of word use/function in the TD/SLI groups), additional
verifications could be undertaken to provide an explanation for the participants’ good results in the narrative (and
particularly the results of the adolescents with SLI). These good results could be due to a choice of well-known and
well-understood words in all communicative or evaluative situations. This hypothesis could be tested by offering the
participants a dictation of words taken from the narrative that they wrote several weeks earlier.5 By comparing the
number of lexical errors for the same words in communicative narration and in evaluative dictation (keeping the
comparison with the standardized dictation) the role of the communication situation and the choice of words could
be determined.
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Appendix A

List of words dictated to the participants
List A: irregular words
 List B: regular words
 List C: pseudowords
seconde
 ordure
 gontra
monsieur
 poisson
 copage
million
 jardin
 bartin
femme
 bille
 datoir
ville
 chapeau
 majon
fusil
 vigne
 nagule
tabac
 frite
 savette
galop
 gare
 bracho
août
 verbe
 famire
parfum
 couleur
 poulan
Appendix B

Phonologically acceptable and phonologically unacceptable spelling errors in the dictation situation
Erroneous word
 Correct word
 Type of error
Phonologically acceptable spelling errors
 chapo
 chapeau (regular)
 Incorrect grapheme
parphum
 parfum (irregular)
segonde
 seconde (irregular)
 Substitution of one or more letters
famme
 femme (irregular)
taba
 tabac (irregular)
 Omission of a silent letter
fusi
 fusil (irregular)
milion
 million (irregular)
 Omission of a double letter
vile
 ville (irregular)
verrbe
 verbe (regular)
 Addition of a double letter
miliion
 million (irregular)
aôut
 août (irregular)
 Inappropriate accent
frı̂te
 frite (regular)
Phonologically unacceptable spelling errors
 fite
 frite (regular)
 Omission of one letter
monseu
 monsieur (irregular)
poison
 poisson (regular)
 Omission of a double letter
bile
 bille (regular)
fussi
 fusil (irregular)
 Addition of a double letter
gallo
 galop (irregular)
orture
 ordure (regular)
 Substitution of one letter
secoude
 seconde (irregular)
Appendix C

Phonologically acceptable and phonologically unacceptable spelling errors in the narrative situation
Erroneous word
 Correct word
 Type of error
Phonologically acceptable spelling errors
 foua
 fois
 Incorrect graphemes
plin
 plein
c’ette
 cette
 Words invented by segmentation or fusion
s’emblant
 semblant
couts
 coups
 Incorrect or absent silent letter
argens
 argent
bagare
 bagarre
 Omission of a double letter
apris
 appris
traittait
 traité
 Addition of a double letter
tapper
 tapaient
Phonologically unacceptable spelling errors
 etion
 étions
 Omission of an accent
separer
 séparer
aprés
 après
 Inappropriate accent
6éme
 6ème
profeseurs
 professeurs
 Omission of a double letter
embraser
 embrasser
appeller
 appeler
 Addition of a double letter
mama
 maman
 Omission of a letter or several letters
jou
 jour
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Paris: Éditions du Centre de Psychologie Appliquée.
Clark, E. V., & Bernicot, J. (2008). Repetition as ratification: How parents and children place information in common ground? Journal of Child Language, 35(2), 349–

372.
Clay, M. M. (1979). The early detection of reading difficulties (2nd ed.). Portsmouth, NH: Heinemann.
Cordewener, K. A. H., Bosman, A. M. T., & Verhoeven, L. (2012a). Specific language impairment affects the early spelling process quantitatively but not

qualitatively. Research in Developmental Disabilities, 33(4), 1041–1047.
Cordewener, K. A. H., Bosman, A. M. T., & Verhoeven, L. (2012b). Characteristics of early spelling of children with specific language impairment. Journal of

Communication Disorders, 45(3), 212–222.
Dockrell, J. E., Lindsay, G., & Connelly, V. (2007). Constraints in the production of written text in children with specific language impairment. Exceptional Children,

73(2), 147–164.
Dockrell, J. E., Lindsay, G., & Connelly, V. (2009). The impact of specific language impairment on adolescents’ written text. Exceptional Children, 75(4), 427–446.
Ehri, L. C. (1995). Phases of development in learning to read by sight. Journal of Research in Reading, 18, 116–125.
Elliott, C. D., Murray, D. J., & Pearson, L. S. (1997). British ability scales II: Matrices. Windsor, England: NFER-Nelson.
Fey, M. E., Catts, H. W., Proctor-Williams, K., Tomblin, J. B., & Zhang, X. (2004). Oral and written story composition skills of children with language impairment.

Journal of Speech Language and Hearing Research, 47(6), 1301–1318.
Frith, U. (1985). Beneath the surface of developmental dyslexia. In K. Patterson, J. Marshall, & M. Coltheart (Eds.), Surface dyslexia: Neuropsychological and cognitive

studies of phonological reading (pp. 301–330). London: Erlbaum.
Grice, P. H. (1975). Logic and conversation. In P. Cole & J. Morgan (Eds.), Syntax and semantics 3: Speech acts. New York: Academic Press.
Invernizzi, M. A., Sullivan, A., & Meier, J. D. (2001). Phonological awareness literacy screening for preschool: Teacher’s manual. Charlottesville, VA: University of

Virginia.
Justice, L. M., & Ezell, H. K. (2004). Word and print awareness in 4-year-old children. Child Language Teaching and Therapy, 17, 207–225.
Katsos, N., Roqueta, C. A., Clemente Estevan, R. A., & Cummins, C. (2011). Are children with specific language impairment competent with the pragmatics and logic

of quantification? Cognition, 19(1), 43–57.
Khomsi, A., Khomsi, J., & Pasquet, F. (2007). Bilan Informatisé de Langage Oral au cycle 2 (BILO-2). [Computerized assessment of oral language for 5–7 years old
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Organisation Mondiale de la Santé. (2001). Classification multi-axiale des troubles psychiatriques chez l’enfant et l’adolescent. Classification CIM-10 des troubles

mentaux et des troubles du comportement de l’enfant et de l’adolescent. Paris: Masson.

http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0005
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0010
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0010
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0015
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0015
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0020
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0025
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0030
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0035
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0040
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0040
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0045
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0050
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0050
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0055
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0055
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0060
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0065
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0065
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0070
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0075
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0075
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0080
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0080
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0085
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0085
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0090
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0090
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0095
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0095
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0100
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0100
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0105
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0105
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0110
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0110
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0115
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0115
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0120
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0125
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0125
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0130
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0130
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0135
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0135
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0140
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0145
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0150
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0155
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0155
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0160
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0160
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0165
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0170
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0170
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0175
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0180
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0180
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0185
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0185
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0190
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0190
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0195
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0200
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0205
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0205
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0210
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0215
http://dx.doi.org/10.1787/9789264190511-en
http://dx.doi.org/10.1787/9789264190511-en
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0225
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0230
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0230
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0235
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0235
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0240
http://refhub.elsevier.com/S0891-4222(13)00274-6/sbref0240


L. Broc et al. / Research in Developmental Disabilities 34 (2013) 3253–32663266
Pacton, S., & Deacon, S. H. (2008). The timing and mechanisms of children’s use of morphological information in spelling: A review of evidence from English and
French. Cognitive Development, 23, 339–359.

Pacton, S., Fayol, M., & Perruchet, P. (2005). Children’s implicit learning of graphotactic and morphological regularities. Child Development, 76, 324–339.
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Wechsler, D. (1996b). Weschler objective language dimensions (WOLD). Sidcup, UK: The Psychological Corporation.
Ziegler, J. C., & Goswami, U. (2005). Reading acquisition, developmental dyslexia, and skilled reading across languages: A psycholinguistic grain size theory.

Psychological Bulletin, 131, 3–29.
Ziegler, J. C., Jacobs, A. M., & Stone, G. O. (1996). Statistical analysis of the bidirectional inconsistency of spelling and sound in French. Behavior Research Methods,

Instruments & Computers, 28(4), 504–515.
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