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Summary

Recombinative generalization is the demonstration of novel recombinations of previously estab-
lished linguistic units., Several studies have shown recombination of whole words, but novel spelling
requires recombination of units that are smaller than words (i.e., syllables or units within a syllable).
This paper presents data on recombinative generalization of within-syllable units in a spelling task per-
formed by three pre-school children. It also provides data on the accuracy of the participants’ printed
word naming before and after the spelling intervention. The children were trained and tested using
a computer with a touch-sensitive monitor. They spelled words by touching individual letters on the
screen. All words were consonant-vowel-consonant (CVC) words. These words were divided into six
sets, presented consecutively. Within sets, the spelling words had overlapping onsets (initial conso-
nant) (e.g., fed-fog) or rimes (vowel-consonant ending) (e.g., fed-led). Across sets, the words had
overlapping rimes (e.g., bed-med). Each set contained three training words and three untrained words.
Tests for recombinative generalization determined whether children spelled correctly novel words that
were constructed by recombining onsets and rimes in ways that had not been directly trained. One
child showed perfect recombinative generalization after two training sets. Two other children showed
partial recombinative generalization after two and three training sets, respectively. All three children
demonstrated higher percentage of printed words named correctly following the spelling intervention.

These findings are a promising step in the development of a computerized technology for teaching
basic literacy skills.
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Streszczenie

Ortografia odgrywa wazng role przy komunikowaniu su; w formie pisemnej i ﬁrzy nlzr:: E)zg:g:
nia [Ehri 1987; Okyere (et al.) 1997]. Jest ona zatem r()wr.nez istotnym elen';;ntem Oftlg s g[Sc(m
gramu nauki jezyka [Buswinka (et al.) 1996]. Niestety, :wxeflc dzieci ma ﬁm em);l Z oeto 5 o j:; Lo
2000]. Gettinger [1993] sugeruje, ze problemy te wym.kajq z mato efe ty\\nych (?;k%adn e
Wielu naukowcow zaleca, aby metody uczenia ortografii byty oparte na wyni Elllc e ofgm.e e
eksperymentalnych [np. Scott 2000; Templeton'l991]. Paradygmat anal}zykzac szntam . J[Hemn
tywne sposoby uczenia ortografii, ktore wkféme wywodza si¢ Z .bada.m e spc:rymczani 3( e
(etal)) 1991]. Ograniczeniem tych badan jest jecina'kZe fakt, ze s}:upﬁy sig one rgz nau badanip0 nfzagad.
ortografii znikomej liczby stow. Tylko w l;ilku p(:j'z_] ekt'ach dOS\.JVI ﬁiﬁiﬁiﬁ;;;&nxs o e
nienia generalizacji poprawnej pisowni lub przedstawiono wy_]as £ a1 2003), Behawiorydel za-
niu do procesdw behawioralnych [np. de Rose get z?l.) 1996; Kmne_y ﬂe al.) 2003]. e
i i alizacja w ortografii sugeruja, ze abstrahowanie | ger}eraiilzac_]a rekom Yj
gg:;ig;}’:tag;n: l;oln; pt-'l;;f popra\%rnej pisowni stow, ktérych bezposrednio nie uczono [np. Mueller
« al'G)eznzggl]i.zacja rekombinacyjna zostata zdeﬁniowan‘a jako ,,zrézmcowa'me zachowan::: s;i*\:;)zlzzg
nowych potaczen elementow bodzca, ktére poPrzedmo. byly ;larzcdstamzm? de:,?; s
[Goldstein 1983 s. 281]. Jezeli polaczone inaczej znane juz l.)odzce‘slpowo ujg odpoy e ééqc UEE
zachowan, to znaczy, ze nastapila generalizacja rekombmac?i_]na. J(:-:‘Sil chodzi o ;mxejq .ao niz[)(fajqce
i pisania, generalizacja rekombinacyj nalpolega na popli;cwErgcz;]l :;?;?11 gg;iov:; Ii)( ilgzzﬁzs ' gmema‘:h
z poprzednio nauczonych element’éw mgw1§tycznyc i al;:, s 5 o
wykazano rekombinacje catych stow [np. Stnefe} (et al.‘) ; ; 197 ,1 g b i

j afii wymaga polaczeri elementow mniejszych niz stowa (sylab, i
zﬁggoxyy:l:tl?gﬁter)ﬁp. dge Rgse (et al.) 1996; Goswami 1986; 1990; Mueller (et al.) 2000; Saunders
= all;)rjgc?sigx;wiane badania dotycza generalizacji -rekombi.nacyjnej elementow sylab przyo ::z;\;c)e
ortografii dzieci w wieku przedszkolnym - z u'zyc:em.tremngu rnatrycfnwc?goigopmlamagc(;l 5; e pje:
Badania te prezentuja rowniez dane o porawnosci .czytama: p}'zed n?,ukqplsama stow uz};?; vl
rymencie i po niej. Troje dzieci uczono ortografii, a wyniki naulf: testowanor frzyhu?ier S i
2z ekranem dotykowym. Dzieci tworzyly stowa przez .dotykame poszezegd I;ycka i n {OSka_.
Kazde z 26 stéw uzytych w eksperymencie skiadalg su.? z trzech liter (spo!g}os dﬁ Zih gru )
spotgloska). Stowa te byty podzielone na 6 grup (niektore stowa wystgpowa ykwmb\.::] oot nge ning.
Kazda grupa zawierala trzy slowa bazowe i trzy stowa utw?r.zonre przez re 01' h @ —
matrycowy polegat na systematycznym utozeniu stow do nauki i stow .do gegera 1za::j_| .'Ch PoaNS
siow bazowych dwa stowa mialy te same litery p9czqtkowe (np.-FED i F(; }), a wnge ot
wystgpowaly te same czgsci koncowe (np. FED i LED). Zadaniem dzieci g o pop! S e R
stéw (bez poprzedniego bezpoéredni;go 1l;zaucz.amz:,l t)\(;h ?ﬁ?ozan;z;mg?edﬁfi i;;Cka:) enle e
poczatkowych i czesci kor’mov‘vyc}} stow azowych. Wyniki pol 4 a e >

i mbinacie po nauczeniu sie pigciu stéw bazowych; to dziec! oF y

Sgo:;a\f:lig?:]zl:sfaﬁi ‘:iq;’[éw beé%cl)}datkowego nauczania. Dwoje dzieFi demonstrowato czgsciowa
feifombinach — po nauczeniu si¢ szesciu lub o§miu stow .bazo}vy-ch dzieci te utworzyty 'po‘;;riazvslzéﬁ
pozostatych stow (odpowiednio 13 i 12 stow). Wszystkie dzieci przeczytaly poprawnie wigce]

3 mgogﬁnféi%ﬁ:n€13221;cm dowodéw §wiadezacych o tym, Ze trening matryt?owy ;\{\f:@ksz.a
prawdgpodobier’lstwo efektywnej rekombinacji przy nauce or"togra‘ﬁi..Eksperyn}ent 1]{:11 _gast te;"c ﬁ}e:?;gl
z niewielu projektow poswigconych generalizacji rekombinacyjnej elementow s 1"‘1 022:; howinia.
Badania te moga by¢ zaliczane do badaf taczacych e?ks;‘)erymentalnaq stosowan3 qn? ize zach isan';;;
Wyniki badan przyczyniaja sig do lepszego zrozumienia pr9ceséw blor_qcych u z:ad wn o penera_
i czytania oraz w planowaniu efektywnych metod nauczania ortografii. Dalsze ba -amaian g
lizacja rekombinacyjna W ortografii rozszerza zastosowanie tego procesu w nauce pisania.
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1. INTRODUCTION

1.1. Overview

Spelling is a complex skill that involves the , translation” or ,,conversion” of
speech forms into standard written forms [Simok, 1976; Snow, Burns, Griffin,
1998; Templeton, Morris, 2000]. Spelling is important in written communication
and is interrelated with learning to read [Ehri, 1987; Okyere, Heron, Goddard,
1997]. It is also an essential component of a total language arts curriculum
[Buswinka et al., 1996]. Unfortunately, spelling is an area of difficulty for many stu-
dents [Scott, 2000]. Gettinger [1993] suggests that poor spelling ability might be
attributed, in part, to instructional factors. Several authors assert that the traditional
method of requiring students to memorize spelling of 10-20 words a week is not
effective for many learners [e.g., Gill, Scharer, 1996]. The efficacy of commercial-
ly available materials for teaching spelling and of allowing students to discover cor-
rect spelling via reading and writing is also questionable [Schlagal, Schlagal, 1992].
Finally, the research basis supporting the traditional educational practices for teach-
ing spelling is fraught with inadequacies in design and measures [Greer, 1992].
Thus, many researchers advocate the need for effective and systematic spelling
instruction based on rigorous, experimental research [e.g., Scott, 2000; Templeton,
1991].

Behavior analytic (BA) research in spelling has been both rigorous and effec-
tive [Heron, Okyere, Miller, 1991]. However, a limitation of behavior analytic stud-
ies is that they have focused on teaching the rote spelling of a limited number of
words. Very few projects have examined how children come to spell novel words
correctly [e.g., de Rose, de Souza, Hanna, 1996; Kinney, Vedora, Stromer, 2003].
Additionally, those studies that do investigate novel spelling do not offer process-
level explanations for this performance. Graham [1999] writes that this criticism
can also be applied to traditional spelling research, despite the fact that there are
more studies in the education literature reporting data on spelling of novel words
[e.g., Berninger et al., 1998; Davidson, Jenkins, 1994; Qi, O’Connor, 2000]. This
paper will generally not rely on those studies because they do not provide informa-
tion about the proportion of individuals who master the spelling tasks as a result of
an intervention and they rarely investigate the precise conditions under which gen-
eralization occurs.

The present study stemmed from behavior analytic research on teaching
spelling as well as from research on the development of the alphabetic principle and
word naming skills. In the latter studies, the concepts of abstraction and recombi-
native generalization have been suggested to play a role in correct spelling of words
that have not been previously encountered by the learner [e.g., Mueller, Olmi, and
Saunders, 2000]. Thus, the purpose of this introduction is three-fold. First, T will
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review behavior analytic strategies for teaching_ spelling. -Seconc‘l, I will‘ dis;;ubss tl:z
role of abstraction in the development of early hterf%cy sk111§. Th1rc}, I will ela gr?ed
on the role of recombinative generalization in spelling and in naming novel prin

words.

1.2. Behavior Analytic Strategies for Teaching Spelling

The essence of a behavior analytic approach for teachipg any acade.mlc skill,
including spelling, entails the following components: (1) reliance cén }?re?lieé ;n::;;
urable, behavioral units, (2) frequent measurementlof th.e target be ;vu) et
individual learner, (3) the notion of a temporal relationship between t e an ec) m
stimulus, the target behavior, and the consequence (a three-term conémgen?; % e
provision of many opportunities to respond correctly, (§) acknow}c? gmen Jy
role of reinforcement rate, and (6) reliance on strengthening successn:. appro; e
tions of the target behavior [Edgar, Sulzbacher, 1992]. A}l of the studies revontin_
in this section included the first two components. Regarding the thrt?;-termt GCEdent
gency, some researchers manipulated varia}bles t'o learn how specific a:ll. et dent
stimuli evoke correct spelling while others 1nlvest1gated the r01.e of. imme tla et o
sequences in spelling. Many studies, especially those mvestxgatmg' ins ruﬁ el
packages, included several of these behavioral components. This review w10 n?mon
ent the studies in clusters based on either common research quest'lons orc mmon
procedures. I will discuss only one study per cluster, the one th?.t is rr;ostbcc;] vine
ing, according to the Baer, Wolf, and Risley’s [1968, 1987] criteria for beha

i earch.
anall){tefezihers have used delayed-prompt and match-to—siample pfoceduresdtz 1(1(;11;
at the transfer of stimulus control in spelling from copying a written wor]ll ;new
spoken word. Ina delayed-prompt procedure,. a teapher asks a student to s.pet "
word and simultaneously presents this word in written form for the st’udent oc i?é
[e.g., Kinney, Stevens, Schuster, 1988; Steven.s, _Schuster, 1987]. During successo ve
trials, the teacher delays showing the word, giving the student a cha;]lceltgo reiﬁlm
independently. Stevens, Blackhurst, and. B.ott-Slaton [1991] ?aug ;: : 's,pu‘est Sg
words to five students with learning disabilities. A computer delivere t. e ;;q o ;
the models, and praise for correct spelling. When students made a ml:c,lt he, Orﬁ
were shown the correct spelling and the same request was repeated until t ell\u; e
was spelled correctly. The authors reported that. the students learned to sge e
words quickly and with few errors. However, mdependen.t and pron}fpt}:e tcansfer
spellings had been reinforced in the same way, so the precise cau:;e of the tr et
of stimulus control from the written prompt to the spoken word was no t facﬂ;
Possibly, the increased reinforcement rate when a response preceded a promp
itated such transfer [as argued by Touchette, Howard, 1984].
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Transfer of stimulus control in spelling from a written prompt to spoken words
or pictures, using a ,,constructed” response, has also been investigated by Mackay
and colleagues [e.g., Mackay, 1985; Stromer, Mackay, 1992a, 1992b). A construct-
ed-response match-to-sample procedure (CRMTS) involves matching individual
letters to written words, in the correct order from left to right. Dube, McDonald,
Mcllvane, and Mackay [1991] used a computerized version of CRMTS to teach two
participants to spell several words. The participants were asked by a computer to
spell a word in response to a presented picture. Initially, they saw on the computer
screen the picture and the corresponding printed word to serve as a model. The
transfer of stimulus control from the written word to the picture alone was achieved
by gradually fading the letters of the written word. Correct spelling was differen-
tially reinforced. The CRMTS training produced substantial spelling improvements.
However, the researchers taught only a few words to two participants and did not
present any follow-up data, so the generality and maintenance of the results remains
unknown.

Positive reinforcement was used in the earliest behavior-analytic procedures to
teach spelling [e.g., McLaughlin, Malaby, 1971; Sulzer, Hunt, Ashby, Koniarski,
Krams, 1971]. For example, Chadwick and Day [1971] looked at the effects of a
reinforcement package on 25 students’ spelling accuracy. Students earned points for
correct spelling and exchanged them for a variety of items or activities. When the
teacher implemented the point system and praised the students contingent on cor-
rect spelling, students’ spelling accuracy increased substantially as compared to
baseline. When the point system was discontinued, but the teacher still praised cor-
rect spelling, students’ performance remained high and stable. Despite several
methodological problems [e.g., potential ,,carry-over®), this study’s results and the
results of many other studies convincingly show effects of positive reinforcement
on increasing spelling accuracy.

The use of overcorrection, in which students repeatedly practice the correct
spelling if an error occurs, also emphasizes the role of consequences [e.g., Matson,
Esveldt-Dawson, Kazdin, 1982]. In Ollendick, Matson, Esveldt-Dawson, and
Shapiro’s [1980] study, for each misspelled word, the participants had to listen to
the word, say it, say each letter of it, and write it correctly. This sequence was
repeated five times. When the researchers compared overcorrection alone, overcor-
rection with praise for correctly spelled words, and a no-teaching control procedure,
the results showed that both overcorrection alone and with praise increased spelling
accuracy. The latter resulted in slightly more rapid learning. A comparison of over-

correction with praise to a traditional corrective procedure (teacher circled the mis-
take and wrote the correct spelling) with and without praise revealed that overcor-

rection with praise produced perfect performance much more rapidly than the other
two procedures.

(-
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Instructional packages such as Classwide Peef' Tutoring (‘CWPS"I) [e.g.,
Delquadri, Greenwood, Stretton, Hall, 1983] and Dlrefst Instructu?n (D) [e.%.;
Kinder C;amine, 1991] have also been used to teach spelling. CWPT 1n'§fplvtastpa1c_
of stud’ents The procedure uses reciprocal and highly structure;l ;utorn:g _1;1] i:(r)abe

: i i ing” anization of the materi
ions, group contingencies for ,,competing team§, org ‘ . ;
Ile(:rlnefl intg daily and weekly units, frequent testing to evaluate lcglmmg, andd 1; g;cg '
iti - Terry, Greenwood, >
to respond [Arreaga-Mayer,
grams many opportunities : s o
ideri 7], for example, looked a

dy et al., 1999]. Sideridis et al. [1997], . ; effects
%:;/i})}!l‘ ‘:)n the spelling achievement of six students w1‘th and without dls’iibﬂfl‘tle;..
The tutor was to read aloud from a weekly list of spelling words, t(ljl proxlfll eanzeto

The tutee was to spell orally
back to the tutee, and to correct tutee errors. Serd
i i lling was correct, the tutor awar

te down the dictated word. If the spe !
“Ziln?:s to the tutee. If the spelling was incorrect, the tutor read the correcft spzlluﬁg
gloud and the tutee wrote the correct spelling three times toheam one pglzt{e ;1‘; S:

: indivi i d for each team, an
d of the week, individual points were summe : - :
e?aised the winning team. The results showed that CWPT increased spellmg ﬂal.c;it;_
facy for all students, but the effects were more prom.)unced for the stude‘n‘ts wi —
abilities. However, since the typical students sometimes reachee:l the ceiling o
spelling performance, this difference might have been underes.nmated. il

Direct Instruction (DI) is characterized by careful-sequ.encmg _Of the mate Ful
be taught, using scripted instructions by the teacher‘s, brisk pacing of ques du:)ns,
reinforce;nent of correct responding, and spe§1ﬁc coirec‘t&c;lih p::::h ;rcian

i 1988]. Children work wi e

Engelmann, Becker, Carnine, Gersten,. !
e[smai groups, respond in unison at the signal of the tea.lcher, 'and. have ample opporf

tunities to respond correctly. There are many studies investigating effectlverlless )
DI for teaching basic academic skills, including spelling [e.g., Becker, EngeFmﬁzl‘l,r

1978]. The most comprehensive evaluation of DI was c!urmg Ifro;ect ' Ok'll
Throu.gh The data show that DI achieved the best outcomes in teach}ng bas;c s lt s
aIthough‘ the Behavior Analysis model also was very succeszﬁjl at ?provmlg9 ;71;-
i i Pierre, Proper, Anderson,Cerva, .

ts’ spelling performance [Stebbins, rre, Pro \
doetrlllesr anilyses of the data confirmed that the instructional met.hods used in DI x;rgre
most effective in teaching spelling and other basic lxterac'y skills _[Kcnr}edy, 1? 1.
The role of reinforcement rate might be seen in studles.that 1nvest1gated-;nter;
spersing words that the participants knew how to spell with \év;rds t[hl?;g (;i]l CO:‘:I(:
Neef, Iwata, and Page -
how to spell [e.g., Koegel, Koegel, 1986]. ; : “agell :
kgf;;’ the spell?ng performance of three students across ’.chree condltlonf;. in baseh.ne
lgpzm::icipants were to spell 10 unknown words), during interspersal 'tramm.g (part:;-
ipants were to spell 10 unknown words and 10 known words), an.d u; :; (;hl;ddi?gn ;
ici ds but also receive additi
ti articipants were to spell 10 unkrlmwn wor > I

]:alr}sfapstateniients not contingent on their spelling). All parhgpants mastered '10 2(;
f’nore words, learned those words more rapidly, and maintained correct spelling o
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the words longer, for the words taught in the interspersal condition. Although the
mechanisms responsible for the superiority of the interspersal condition are unclear,
the frequent reinforcement for correct spelling in this condition could have facilj-
tated attending to all training stimuli.

To summarize, behavior analysts have developed several strategies that have
been successfully used to teach spelling. They include: manipulation of antecedent
stimuli to evoke correct spelling, systematic fading of prompts, use of positive rein-
forcement to maintain correct spelling, provision of many opportunities to respond
correctly, and use of effective correction procedures and efficient reinforcement
rates. Despite the effectiveness of these procedures, a limitation of past research is
that it did not investigate specifically conditions that facilitate correct spelling of
novel words. The issue of generalization in spelling is important from both applied
and conceptual perspectives. For an educator, the emergence of correct spelling of
untrained words is beneficial because it may increase the number of spelling words
learned and potentially free teaching time for other skills [Dixon, 1991]. For a
researcher, the emergence of correct novel spelling indicates that minimal units that
have not been presented independently can develop from larger units [Skinner,
1957]. The latter issue has been experimentally investigated in terms of abstraction
and recombinative generalization, which will be discussed next.

1.3. Abstraction and Early Literacy

»Abstraction is a discrimination based on a single property of a stimulus, inde-
pendent of other properties; thus, generalization to other stimuli with that property”
[Catania, 1998, p. 250]. Abstraction is demonstrated when an individual correctly
identifies the property of interest in untrained stimuli [e.g., if the property is ,,red-
ness,” abstraction is shown when a child identifies a ball as being red the first time
the child sees the red ball). In the context of spelling, abstraction is involved in the
alphabetic principle, which refers to »useable knowledge of the fact that phonemes
can be represented by letters, such that whenever a particular phoneme occurs in a
word, and in whatever position, it can be represented by the same letter” [Byme,
1989, p. 313]. Thus, the alphabetic principle involves: 1] a visual abstraction: dis-
criminating printed letters or letter combinations within printed words, 2] an audi-
tory abstraction: discriminating specific phonemes or phoneme combinations with-
in spoken words, and 3] relating specific letters or letter combinations to specific

phonemes or phoneme combinations within words [Saunders, 2002]. In other
words, the alphabetic principle is synonymous with generalized sound-letter rela-
tions.

The next section will discuss the role of abstraction in early literacy (reading
and spelling) skills, especially in the development of the alphabetic principle.
Experimental studies on word naming and spelling have been combined for this

T




194 Monika Suchowierska

review because of the integrated and interrelated nature of those repertoires [Ehri,
1989; Ehri, Wilce, 1987; Lee, Pegler, 1982].

1.4. Visual abstraction

The visual abstraction component of the alphabetic. pl_’inciple involv};esl recg;g-c-l
nizing individual printed letters or letter combinations w;thm cgun;plix? wSh(; \e; I\:.' ord
imuli dy, 2000]. For example, a student 15
stimuli [Saunders, Johnston, Brady, ) O et 1ot
i ix” and taught to select printed words that begin -
printed Wor ek, 50 i i test, when presented with
i 4 t, pick, pet”). If, on a test, pre
ter [e.g., ,,5at, sick, set and not ,,pat, _
the [tasgk a:gain, the student independently selects the untrained worc!s ”Sllméjsl;ai?ig;
i i iL,” tudent would demonstrate visual a
11” and not ,,pimple, page, pill,” the s : em S
Sc;lf the printed letter ,,s.” When investigating the acqu151t1{;nhof ﬁf alphab;t;zlgg:n
i i d to the auditory part, of the letter-soun
ciple, the visual part, as compared y e et
i i i titioners and scientists [Sa
received relatively little attention from prac
ZTS 2000]. One reason for this might be that teacher‘s a.ndlre:searcherslass?(r)r; Sth:;
" iscrimi i letters presented in isolation can also X
students who discriminate printed i o
ivi inati ithin whole words. However, that 15
individual letters or letter combinations Wi . Hov :
?ilm}es not the case, especially with young prereaders or individuals with mental
i 2 1., 1998].
tardation [Saunders, 2001; Snow, et al,, ‘ . _
* aSza,undeth and colleagues [2000] reported that typically dlevelolzmg:[ pifeirfzggrj:i
i hing individual letters. In contrast, :
showed at least 90% accuracy in matc vty 6
i t-vowel-consonant (CVC) words that ditier :
racy on matching consonan \ ’ e
initi i hance levels. The children’s resp g did no
the initial letter was sometimes at ¢ eV : B
indi i the initial consonant, that is, made !
indicate that they visually abstracted al cor il
i i itten stimuli. The authors concluae
nation based on this property of the wri ! i
i i indivi dded in words could compromise
to isolate individual letters embe : linking
lal;)iropriate phonemes to those letters, and thus demonstrating the alphabetic prin
iple.
P Similarly, McCandliss and colleagues [2003] suggested that pl:oced;;est ‘;1;?;
focus attention on each individual letter within a wor;i1 may pl::lyrtar:1 1;1:1? as:lertion
i i identi 1 words. The authors supporte
n learning to name and identify novel wc ! .
Ly investéating the effectiveness of an instructional program that fau%htl ctl;:idil:z
with reading difficulties to form and read words by malmpulau}l;l;gta s1;1gneg : erne
i i for example, taught to change .,
ously constructed word. A child was, :
pgzvi’ to )'Eap” to ,top,” etc and to name those words. The dependent measures were:
’r’larging ;f pseudowords, naming of sight words, phonemu;: awareness mis;l;;sa
i i for the experimental group were co
and reading comprehension. The scores . : . O
i hich received no intervention. 1he
with the scores of the control group, W i
i i i measures for the experimental group,
ttributed the improvements in scores iacmss .
?n part, to the fact that the program trained the children to attend to each letter and
]
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link it to the appropriate phoneme. However, this study did not provide empirical
evidence for this claim because the authors did not evaluate specifically the role of
visual abstraction.

Finally, Byrne [1992] investigated the differences in learning to name printed
words that were visually more similar [e.g., rat, ran, rag) or less similar [e.g., two,
boo, you). The results showed that the participants learned the visually less-similar
words more readily and with fewer mistakes. The authors concluded that the diffi-
culties in naming similarly spelled words might have been related to the visual, not
auditory resemblance and, potentially, to the children’s lack of skill in focusing on
individual letters. That is, if children do not abstract individual letters within a
word, they might not read similarly spelled words correctly. Byrne’s conclusion can
be supported by the results of Birnie-Selwyn and Guerin [1997]. Those researches
showed that six typically developing children spelled more words correctly follow-
ing spoken-to-printed word match-to-sample training that involved visually similar
comparisons [e.g., if ,,snow” was the sample, ,,slow” and ,,snap” were the compar-
isons) as compared to training involving visually dissimilar comparisons [e.g., if
,,Snow” was the sample, ,,nice” and ,,rest” were the comparisons). The authors con-
cluded that the finer discrimination training at the level of single letters led to
improved spelling performance. Presumably, such finer discrimination training
facilitated visual abstraction of individual letters, which in turn led to better spelling
accuracy.

In summary, visual abstraction is a component of learning the alphabetic prin-
ciple. Although there are few studies on the role of visual abstraction relative to the
number of studies on auditory abstraction, this skill seems to be logically necessary
for learning the alphabetic principle and spelling of novel words [Snow et al.,
1998]. However, it is not sufficient. Visual abstraction must be accompanied by
auditory abstraction if children are to master early literacy skills [Byrne, 1992].

1.5. Auditory Abstraction

Auditory abstraction involves recognizing individual sounds or sound combi-
nations within a spoken word [Saunders, 2002]. For example, a student is taught
that the spoken words ,,mat, milk, mouth” start with the same /m/ sound and that
,,sat, silly, sandwich” all start with the same /s/ sound. If, on the test, the student
responds correctly to the question: ,,Which word starts with the same sound as
‘mat,’ is it ‘mum’ or ‘sum’?” the student would demonstrate auditory abstraction of
the sound /m/. Thus, following Catania’s [1998] definition of abstraction, auditory
abstraction is a discrimination based on a single phoneme or a phoneme combina-
tion in a word, independent of other phonemes, thus, generalization to other words
with that phoneme or phoneme combination [Saunders]. In terms of spelling, if
children learn to break spoken words into smaller units, to relate those units to print-
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ed letters, and to sequence the letters correctly, they will be successful in spelling
ically regular words. o . .
nov"erl;a%};gg:lzﬁy, ?ndiiidual phonemes have been the starting point in teaching (;11’;13‘;
dren to read and spell [e.g., Buchanan, 1973]. More recen.tly, hov.ve;ex; resbeegzcted
have shown that larger sound segments [e.g., ons?:t and rime-] mig t be ; 18{ i
by children earlier than individual phonemes [Trelm.ar.l,-1992, Treiman, unsonan;
1996]. In a syllable, the term ,onset” refers to the initial conso.nant or Eo onan
cluster and ,rime” to the vowel and subs‘equent consonants,”lt.' a1}11y [ emand iI;
Treiman, 2003]. For example, in ,,run,” ,,r” is the 'onset and ,‘,un ist 3 ru'tnet ain
shop,” ,,sh” is the onset and ,,op” is the rime. It might be easier folr students odence
,I,laming or spelling of onset/rime units because of the more relllabt e c0111'elsptct)ri e
between written rime units and their SOUI}dS than between mdlvuliuah ette and
their sounds [Goswami, Bryant, 1992; Trelman,. 199”2]. For examp e, t e s.ou’r} -
the letter ,,i” differs in the words ,rim” and ,,rime,” but the rime uzg.ts ,,Hnsome
ime” almost always correspond to the same sound [e'.g., dim, 11111-1e). 2OkE
;;esearchers have suggested that teaching basic 'word naming and }s]pe ing s( e
start with onset and rime units before progressing to individual phonemes (0
Goswami, 1999]. . ' _
thanBﬂ;:nanﬁti) }[Tielding-Bamsley have conducted a series. of e:xpfznmengtsé glansgt(l)-
gating the conditions necessary for mastery of the alphabetic prmcnptlg [11989, L !
1991, 1993, 1995]. They mainly investigated thfe onset sounds_. In the 89 s E;
for example, the researchers first taught 12 typically developing {Ij)re‘—s.c tomd 3
name two written words (,,mat” and ,,sat"). Then,l the researc_hers 1:1 m1111stf:n wofd
ment identity training, which consisted of _te?ichmg each child t ‘z‘lt a testi rﬁ word
(e.g., ,mum®) has the same onset as the training worfi (e.g., ,mat) (se%r}-:; s
tity involves auditory abstraction and, for clan.ty, 1 W}ll refer to segrzer:hl ey
auditory abstraction from this point on). Five children tpast.ere : e aweri I1l-y
abstraction task, but none performed correctly on the generalization t_e:1 Eﬁnswrimi
the question: ,,Does this say ‘sum’ or ‘munll’?” when presented “{lt' eThat o
word ,,mum*). Finally, the children were trained on letter-sound re z:itl(;lnsi e s;
they were taught that the letter ,,m” corresponds to the sound /m/ an ”t ed ;: / wﬁen
to the sound /s/. All 12 children learned to say /m/ ‘when they saw ,,m” an . s when
they saw ,,s.” During the next transfer test, six children perfonned.correcbyu'e e
generalization task. Five of those children mastert-ad both the audl'fory. a 1sl ac on
and letter-sound correspondence training. From this anq other stud1esfm the (fisevel_
[e.g., 1990; 1991], the authors concluded that' the two sklll's necessary fort edemla-
opment of the alphabetic principle were auditory abstraction and letter-soun
tlonAuditory abstraction training taught the children to .isolate the onset from 1’21212
rest of the word, discriminate among words based on .their onsets, ancil‘io generihil‘
among words with the same onsets. The reported studies also showed that once
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dren demonstrate auditory abstraction for a particular phoneme in a particular posi-
tion, they are likely to demonstrate abstraction of other phonemes in other positions
[Byrne, Fielding-Barnsley, 1990, 1991]. However, it appears that auditory abstrac-
tion is not sufficient for mastery of the alphabetic principle. It needs to be supple-
mented by direct letter-sound training [Fielding-Barnsley, 1997]. Both skills in
combination seem to promote acquisition of the alphabetic principle and early lit-
eracy skills.
A piece of evidence regarding auditory abstraction and spelling accuracy comes
from a study conducted by Byrne and Fielding-Barnsley [1993]. The researchers
compared, at the end of kindergarten, spelling scores of children who at the end of
preschool were successful at the auditory abstraction task (the ,passers™) with
scores of children who failed that task (the ,,failers®). Both groups demonstrated
knowledge of letter-sound correspondences at the end of kindergarten. The results
showed that the ,,passers” spelled correctly more words than the »failers,” especial-
ly when it came to phonetically regular real words and pseudowords. Thus, audito-
ry abstraction seems to be an important component of learning to spell correctly.
Saunders [2001] also examined conditions necessary ‘to establish the alphabetic
principle. Regarding onset abstraction, Saunders taught five typically developing
kindergartners and three adults with mental retardation (MR) to select the printed
letters ,,m” or ,,s” corresponding to the onset sound of several spoken CVC words
beginning with those letters. Essentially, the researchers trained auditory abstraction
and letter-sound correspondence at the same time. All of the children and two adults
with MR readily selected the letter corresponding to the onset sound of words they
had not been trained on while one adult with MR required some additional training
before generalization was shown [Vaidya, Saunders, 2000]. Those results clearly
indicate abstracted stimulus control by the onset sound, which is a component of the
alphabetic principle.

To summarize this section, abstraction is a process involved in generalized read-
ing and spelling of phonetically regular words. If a student learns to isolate letters
or letter units within written words and sound or sound units within spoken words,
as well as to relate those letters and sounds to one another, the student will have
mastered the alphabetic principle. The alphabetic principle is crucial for naming and
spelling novel words. However, as Byrne and Fielding-Barnsley [1989] point out,
mastery of the alphabetic principle might not be enough to produce novel reading
and spelling performances. ,,An assembly routine” (p. 313) might be necessary.
Behavior analysts have conceptualized the assembly routine in terms of recombi-

native generalization [Saunders, 2001]. The role of recombinative generalization in
early literacy is discussed next,
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1.6. Recombinative Generalization and Early Literacy

Recombinative generalization has been defined as ,,difffarentia} requndmg ‘fo
novel combinations of stimulus components that have been mclud'e(.i pre\fxous'ly in
other stimulus contexts” [Goldstein, 1983, p. 281]. \W'fhen familiar stlm‘uln arz
recombined in novel ways and stimulus ele1:nents continue to exert precgse im
appropriate control over corresponding portlo'ns of the response, recofl‘x; ina WE
generalization has occurred [Goldstein, Mousetls-, 1289]. In the context o :«,m.gua.g)f
and early literacy skills, recombinative gener?llzaFiqn reijers to dem(.)nstraggn 0
novel arrangements of previously established 1.1nguls.tu.: units [Goldstein, }9 1]9.25]
The early recombinative generalization studies originated from Esper’s [1 1
work on a ,miniature linguistic system™ [as reported by Wetherby,' 1978, p. 40 ]j[.h ri
this system, the referential stimuli (i.e.,.word_s) are .'_manged in a pattfm'ft ]:e
includes all possible combinations of the dimensions of interest. .For example, 1 1
dimensions of interest are color and shape, the_word:g representing different COdOFS
are placed in rows and the words representing different si}apes are plac; Hﬁ
columns. Thus, a matrix is formed in which separate f:ells, the intersections o e‘ac
row and column, contain a two-word utterance referring to a c‘:olor-sha.pe combnl'la-
tion [e.g., green square) (see Figure 1). Within the wt}ole r.natrle there is an overlap
between the two-word utterances because each color is paired with each shape (.2,
green square, green circle, green triangle).

Colors
CIRCLE \ .TRIANGLE | HEART RECTANGLE | OVAL

red circle | red triangle | red heart | red rectangle | red oval

red square
green square | green circle | green triangle | green heart | green rectangle | green oval
blue square | blue circle | blue triangle | blue heart | blue rectangle | blue oval
yellow circle|yellow triangle yellow heart |yellow rectangle| yellow oval
pink square | pink circle pink triangle | pink heart pink rectangle | pink oval

- S |

Shapes

Figure 1. An example of a matrix. The words representing different colors are placed in rows an(cil
the words representing different shapes are placed in columns. The mt_erst?ctxons of each row m;]
column contain a two-word utterance referring to a color-shape combination [e.g., green squar

Studies subsequent to Ester’s clearly delineated the training c_onditions neces{;
sary for recombinative generalization to occur. Foss [1‘:)68a,b], Striefel, Brya£, aln
Aikins [1974], Striefel and Wetherby [1973], anfl Stru?ﬁ?l, Wett}erby: and .ar in
[1976] distinguished between diagonal and stepwise training, which d1fferefi in the
selection of training items. In diagonal training, the par_tmipants were trained on
labels that did not have an element in common [e.g., red cxrc?e, yellow triangle, blue
square] (see Figure 2). Stepwise training, in contrgst, provided an c?verlap an}img
the stimulus components [e.g., red circle, red triangle, yellow triangle, yellow

black square | black circle | black triangle | black heart black rectangle | black oval

E BLUE blue square | blue circle .| blue heart | blue rectangle | blue oval
“ YELLOW yellow square |yellow circle|yellow triangle 5 tyellow rectangle| yellow oval
PINK pink square | pink circle | pink triangle | pink heart ‘ pink oval

Shapes
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square, blue square, blue heart] (see Figure 3). The combined results of several stud-
ies showed that only the stepwise training resulted in correct labeling of the
untrained stimuli, presumably by establishing stimulus control of both elements in
each two-word utterance [e.g., Striefel et al., 1976]. Thus, overlap among stimulus
components is vital because it facilitates subjects making the discriminations nec-
essary to demonstrate recombinative generalization. The stepwise training is also
called matrix training. All of the studies described in the rest of this section involve
matrix training and overlapping stimulus components.
Colors
SQUARE CIRCLE | TRIANGLE | HEART | RECTANGLE | OVAL

red circle | red triangle | red heart | red rectangle | red oval

RED

GREEN | green square 4 green triangle | green heart | green rectangle | green oval

BLACK | black square | black circle | black triangle | black heart | black rectangle

Figure 2. An example of diagonal training. The two-word labels selected for training do not contain
an overlap [e.g., red circle, yellow triangle, blue square]

Colors
CIRCLE | TRIANGLE HEART | RECTANGLE OVAL

red triangle | red heart | red rectangle | red oval

SQUARE
o

RED s
GREEN | green square | gtésh :
BLUE blue square | blue circle

| green heart | green rectangle | green oval

blue rectangle | blue oval

YELLOW |yellow square yellow circle|yellow triangle 3
PINK pink square | pink circle | pink triangle | pink heart |

BLACK | black square | black circle | black triangle | black heart | black rectangle

yellow oval

Figure 3. An example of stepwise training. The two-word labels selected for training contain an
overlap among the stimulus components [e.g., red circle, red triangle, yellow triangle, yellow square,
blue square, blue heart].

Although early recombinative generalization research focused on recombina-
tion of two-and three-word phases [e.g., Striefel, Wetherby, Karlan, 1976, 1978] or
simple sentences [e.g., Lutzker, Sherman, 1974], more recent studies have investi-
gated recombinative generalization of units that are smaller than words (i.e., sylla-
bles or onset/rime units) [e.g., de Rose et al., 1996; Goswami, 1986, 1990; Mueller
et al., 2000; Saunders, O’Donnell, Vaidya, Williams, 2003]. Recombination of with-
in-word units is particularly relevant to the acquisition of novel word reading and
spelling.
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de Rose and colleagues [1996] taught seven first-grade B'razilian children to
read 51 words that consisted of two or three syllables. The teaching procledures con-
sisted of matching printed to dictated words, copying prlintejd words w1t'h movable
letters, and naming words. Upon reaching mastery criterion on read}ng the 51
words, the children were asked to name 45 untrained wor‘ds.. The untrained ».vords
were constructed by rearranging the syllables of the training \jvorc‘ls (e.g. if the
trained Portuguese words were ,bolo” and ,,vaca,” the generalization word _was
,boca™). Three of the seven children named correctly at least 65% of the ;mtra.med
words. Additionally, those three children spelled cor_rectiy at le.ast_ 60% ot: th‘e
untrained words. Thus, correct performance on the reading generahzau'on task !I'ldl-
cated that the children learned that spoken words consist. of syllables (1.<?., a}ldxtory
abstraction) and that those syllables correspond to specific letter _combinatlons no
matter in which word they occur or in what position. The thre.:e children’s perform-
ance demonstrated the alphabetic principle. Moreover, thef chlldren_u-nderstood.that
they could spell novel words by rearranging the sma}l units comprising the trained
words. The results of de Rose et al. [1996] were replicated by Melchiori, de Souza,
2000]. N
de %\ziil[ler et ]al. [2000] investigated recombinative generalizati.on of within-sylla-
ble units (i.e., onsets and rimes) using matrix training. Three llqndergartners were
taught, using a match-to-sample procedure, to select several prmte@ words contain-
ing overlapping onsets and rimes [e.g., mat/’sat/sop/sgg) upon hearing those words.
The researchers were interested in whether the children woulq correctly select
untrained printed words formed by rearranging letters c?f tl:le trained .words '[e:g.,
mop/mug]. The three participants demonstrated genera%lzgtlon after little tra..mm%‘
(on one or two word sets out of six). This performance mfhcates the abstraction o
onset and rime units and the recombination of those units. The researchers also
asked the participants to name the 21 words used in the study before and after t-he
match-to-sample training. None of the children read any of the words at the begin-
ning of the study. At the end, the participants read 65%, 0%, and 20% of the words.
The word naming results for the first participant suggest the development of con-
trol by units smaller than onsets and rimes (individual phonemes). Because”there
was a considerable overlap in letters among the stu.dy words [e.g., ,mop” and
,map*], the first participant’s word naming was most hkely under the control of all
of the letters. Such performance is not common in beginning readers as they often
name words based on the first letter only [Ehri, 1992]. The: results of Mueller et al.
[2000], especially those pertaining to selection of novel printed words, were repro-
duced using adults with mental retardation by Saunders et al. [2003].

Finally, Goswami [1993] showed that when young prereaders were taugt}t to
read a ,,clue” word [e.g., ,,bug®], they were more likely to read correctly untrained
words with a rime that overlapped with the ,,clue” word [e.g., ,rug]. Hovaaver, ‘fhe
generalization results were modest, potentially due to a lack of prerequisite skills
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for complete generalization (i.e., cue words containing the initial consonants were
not taught). Goswami [1986] referred to the children’s performance as reading by
analogy, but the participants’ performance was clearly an example of abstraction

and recombination. The positive results on abstraction and recombinative general-

ization shown in the studies done by Saunders and colleagues as well as Goswami,
along with the interrelated nature of reading and spelling, suggest that generalized
spelling skills might also be promoted by matrix training,

In summary, behavior analysts have pointed to abstraction and recombinative
generalization as processes involved in generative responding in early literacy
skills. However, the research on those processes is still at its beginnings. Especially,
there are very few studies that examined and programmed for recombinative gen-
eralization of within-word units in spelling [e.g., Kinney et al., 2003]. The main
purpose of the present study was to determine whether a matrix training strategy
could be used to demonstrate recombinative generalization in spelling three-letter
words. Additionally, we investigated the relation between the children’s spelling
and printed word naming accuracy of the words included in the present study.
Finally, we examined the effectiveness of the visual prompt fading procedure for
teaching spelling of three-letter words.

2. GENERAL METHOD

2.1. Participants

Three typically developing girls — Ella, Connie, and Molly — participated. They
were 53-, 60-, and 59-months-old, respectively. Their age equivalents of the
Peabody Picture Vocabulary test were 100-, 109, and 89-months, respectively. The
participants attended a university-based preschool. The parents were professionals
and at least one in each family worked at the university. We selected participants
who named correctly at least 8 of the 11 letters used in the study and who had some
rudimentary reading skills. The descriptions of how the relevant skills were
assessed and trained, if needed, are provided in the ,,Study Phases — Method and
Results™ section.

The three participants were receiving individualized reading instruction in their
preschool using Sullivan’s Programmed Reading Series [Buchanan, 1988]. This
series teaches letter-sound correspondences and blending of sounds. All three par-
ticipants were just beginning the series. Molly was in the Primer and Ella and
Connie were in Book 1A. There are 23 books in the series. The participants had
been introduced to two vowel sounds (/a/, /i/) and nine consonant sounds (/p/, /m/,
m/, /1, Ie/, s/, W/, /th/, /I/). They also started learning to read a few three-letter words
[e.g., mat, pin]. The approximation of grade level reading was the very beginning
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of Grade 1 (i.e., first month). Throughout the course of the §tudy the girls were not
introduced to additional letter sounds. They were at approxu*'natfaly the same place
in the reading curriculum at the end of the study as at its beginning.

2.2. Apparatus

Sessions were conducted in a small room equipped with a child—size_d table, two
chairs, and a one-way mirror. All sessions were programmed on a Macintosh com-
puter with a touch-sensitive monitor. The child sat in front (‘)f the computer, \ivhwh
was placed on the table, and the experimenter sat to the right of th.e participant.
Session events were controlled and data were recorded by software written by Dube
et al. [1991]. Visual stimuli (pictures, words, or letters') were presented on t.he com-
puter screen and auditory stimuli (recorded female voice) were presented via exter-

nal speakers.

2.3. General Procedure

We usually conducted two sessions per day with a 3-5 minute break ‘in between
them. Each session consisted of 12 trials. Sessions took place at approxzmatt?ly the
same time of day and were conducted on average four times a week, depending on
the participants’ availability and willingness to participate. From the very first to the
very last session in the study, the time span was 18 weeks for Ella (nine weeks of
actual participation with a 3-month summer-break between the seventh and the
eighth week), seven weeks for Connie, and 11 weeks for Molly.

2.4. The Five Session Formats

This section provides a general description of the five types of sessions usefi in
the study: table-top tutoring, matching-to-sample, cons.tmcted-response copying,
constructed-response spelling, and letter- and word-nammg.' T.able-top tutoring and
matching-to-sample sessions were used only in the Pretrax.nmg P}}ase (Phase 1).
With the exception of table-top tutoring, all teaching and testing sessions were com-
puterized. The same font was used across these sessions. The font was SPELLFont
size 70. N o

Table-top tutoring. These sessions were used to teach th(_a prerequlslte_skllls (ie.,
letter and printed word naming), if necessary, and to establish rapport with the par-
ticipants. Table-top sessions usually did not last longer than 5-7 minutes. The stim-
uli used were flashcards with either individual lowercase letters or three-letter
words written on them. The experimenter used modeling and prompt}ng to evoke
correct responses. The consequence for correct answers was social praise. The con-
sequence for incorrect answers was ,,No” said by the expepmenter, a correct answer
provided by the experimenter, and a repetition of the trial. A‘r:ter the end of faalch
tutoring session, the participant and the experimente%' engqged ina playful activity
of the participant’s choice [e.g., doing a puzzle, playing with Barbies, etc.].
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Matching-to-sample sessions (MTS). During the Pretraining phase, the partici-
pants were assessed and trained, if necessary, using the MTS procedures. Visual
stimuli were presented on a computer screen in five touch-sensitive zones, one
located in the center of the screen and one in each of the four corners. Each trial
began with a presentation of a sample stimulus in the center of the screen. Touching
it was followed by a presentation of two comparison stimuli in two of the four cor-
ners of the screen; the two other corners were blank. The sample remained present,
and further touches to it had no programmed consequences. One comparison, S+,
was identical to the sample, and the other, S-, was different. A touch to S+ was fol-
lowed by a 1-s flashing screen display and melodic tones, and social praise provid-
ed by the experimenter. A touch to any of the other three corner squares (S- or a
blank) was incorrect, and was followed by 3-s blackout of the screen. The experi-
menter did not provide any feedback contingent on incorrect responding. A 3-s
intertrial interval, during which the screen was blank, followed either form of feed-
back. Touching the blank screen reinstated the 3-s interval.

Constructed-response copying sessions (CRC). CRC sessions involved con-
structing a word by copying the model (i.e., written word) letter by letter. The
screen display used for the CRC sessions is presented in Figure 4a. It consisted of
two white rectangles on a white background and two buttons (START OVER and
DONE). The sample display area and the construction area were in the upper rec-
tangle, and the choice pool area was in the lower rectangle. The START OVER but-
ton was in the upper left corner and the DONE button in the upper right corner, CRC
involved constructing the word that was displayed in the sample area (Figure 4b).

“Atouch to the sample produced an array of individual letters in the choice pool area.

As the participant touched the choice pool letters, a »copy” of each letter moved up
into the construction area, resulting in a constant number of letters in the choice
pool. Pressing the START OVER button erased all the letters in the construction
area, allowing the participants to construct the word again. After the participant con-
structed the word, she touched the DONE button. The consequences were the same
as during the MTS sessions.

Constructed-response spelling sessions (CRS). CRS sessions involved con-
structing a word in response to this word being spoken by the computer. For these
spoken-to printed-word constructed-response sessions, the screen display was the
same as in the CRC sessions. Trials began with the presentation of a spoken word
corresponding to the word to be constructed, and 11 letters in the choice pool
(Figure 5). The participant repeated the word to be spelled to ascertain that she
heard the right word. In the CRS sessions, the participants constructed their
responses in the same way as in the identity CRC sessions. The consequences for
correct or incorrect responding were the same as well.
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Figure 4. Two graphics representing the screen display used for constructed-respopse copying
(CRC) sessions (a) and a mechanism for constructing words during CRC sessions (b)

"

Figure 5. A graphic representing the screen display used for constructed-respon§e spelling (CRS)
sessions and a mechanism for constructing words during CRS sessions.
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Sessions using any of the three computerized teaching procedures were some-
times presented without feedback. In sessions designated as ,,without feedback,”
responses produced only the intertrial interval (i.e., there were no consequences for
correct or incorrect responses). Before the start of the session, the participants were
told, ,, This time the computer will not tell you how you are doing. It will not make
sounds, but I want you to do your best.” The participants received small trinkets
after each training and testing session regardless of performance.

Letter- and word-naming sessions. These sessions were used to test the partici-
pants’ letter- and printed word-naming skills. The computer display consisted of a
white screen in the middle of which individual, lower case letters or three-letter
words written in lower case appeared. The experimenter initiated and ended each
trial by pressing the ,,Enter” button on the keyboard. She manually scored accura-
cy of letter- and word-naming using the keyboard. The word naming sessions were
audio taped for future calculations of reliability. The audiotaped sessions were put
in random order and were given to an independent observer to score. The scores of
the independent observer and the experimenter were compared on trial-by-trial
basis for at least 40% of the word-naming sessions for each participant.

2.5. Overview of Phases

The experiment consisted of four phases. The order of the phases and the pro-
cedures included in each phase are depicted in Figure 6. The specific methods for
testing and training the children in each phase as well as the results for each phase
are described in the ,,Study Phases — Methods and Results” section.

2.6. Word Sets

The dependent measure of primary interest was the participants’ accuracy on
spelling of the 26 words used in the study. From this point onward, we will refer to
those words as study words. The 26 words were arranged into 6 sets, as shown in
Table 1. There were six words in each word set. A word set contained all possible
combinations of two onsets and four rimes. For example, in Set 1, the onsets were
»” and ,1” and the rimes were ,,ed,” ,,0g,” ,eg,” and ,,0d.” Within each set, three
words were designated as exemplar words and three other words were designated
as generalization words. Within the generalization words, one word was called an
onset/rime recombination word, and two were called within-rime recombination
words. For example, in Set 1, the exemplar words were ,fed, led, fog” the
onset/rime recombination word was ,log”, and the within-rime recombination
words were ,,leg, fod”. The onset/rime recombination word was formed by com-
bining one of the onsets from the exemplar words with one of the rimes from the
exemplar words. This word served as one of the exemplar words in subsequent sets.
The within-rime recombination words were formed by combining one of the onsets
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Phase 1
Pretraining

l

Phase 2

Comprehensive Pretest on

Spelling and
Word Naming

l

Phase 3

Individual Word Sets

Pretest
Test the exemplar and ""
generalization words

Fail

Train
Teach the exemplar
words

l

Posttest
Test the exemplar and
generalization words

—> Next Set

!

Complete Set 6

Phase 4
Comprehensive
Posttest on Spelling
and Word Naming
Written Spelling

Figure 6. A graphic representing the order of the four phases of the experiment and the procedures
included in each phase.

from the exemplar words with a rime that is a recombination of the exemplar rimes.
These words were not included in subsequent sets. The exemplar words incorporat-
ed all of the components needed to form the generalization words.

3. STUDY PHASES — METHOD AND RESULTS

3.1. Phase 1: Pretraining
3.1.1. Method

We conducted six types of pretraining sessions (naming letters, naming words,
auditory discrimination, CRC, CRS with feedback, and CRS without feedback).
These sessions were designed to ensure that failure on the comprehensive spelling
pretests could not be attributed to a lack of familiarity with the tasks, the specific
stimuli, and the discrimination requirements involved. The four words used in the
Pretraining CRS sessions (,sit, tap, pin, nap”) were taken from the participants’
reading curriculum and did not include vowel sounds used later in the study.

Letter and word-naming. The letters used in the study were: f, e, d, I, 0, g, h, b,
m, r, and c. To determine whether the participants knew the names of the letters, we
presented them with a letter-naming task. Each participant was shown an individual
letter on a computer screen and was instructed: ,,Say the letter if you know it, but
you can say: ‘I don’t know’ if you do not know the letter. It is okay if you don’t
know the letter.” Ten seconds were allotted for each response. If the participant did
not respond within 10 seconds after the presentation of the letter, or did not name
the letter correctly, the experimenter scored an incorrect response. If she made an
unclear response, the experimenter prompted the child to repeat it. Each session
consisted of 11 trials (1 trial per letter). If accuracy on the letter-naming task was
100% during the first session, this task ended. If accuracy was below 100%, trai-
ning was administered.

The training was conducted in a table-top manner using index cards with indi-
vidual lower case letters printed on them. The experimenter modeled the name of
each letter to the child (,,This is ‘h’”) and then asked the child to name the letter
independently (,,What letter is it?”). When the child named the letters off the index
cards at 100% accuracy three sessions in a row, they were given the computer let-
ter naming session again. If the accuracy was 100%, the letter naming training
ended. If accuracy was below 100%, the table-top letter naming training continued
and progressed according to the described criteria.

To ensure that participants read the four words used in the Pretraining Phase
(»sit, tap, pin, nap”), we presented them with a reading task. This task and its sco-
ring were very similar to the letter naming task. The reading sessions consisted of
12 trials (3 trials per word). If the participants did not score 100% on this compu-
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terized reading session, training followed. The training was conducted in a'table-top
manner using index cards with individual printed words on'thcm. Teaching follo-
wed the same format as teaching letter names. When the child read all foqr words
off the index cards at 100% accuracy three sessions in a row, she was given 1the
computer reading session again. If the accuracy was 109%, the. r«_eadmg pretraining
ended. If accuracy was below 100%, the table-top reading training continued and
sed according to the described criteria. .
prog;?lsditory discrirﬁination. This two-choice MTS task ensured that the partici-
pants could discriminate the spoken consonant-vowel-consonant (CVC) word_s that
differed by either onset or rime. We used eight words that were ]a.ter usefi in the
study and that could be represented by pictures. Thr§e wprd pairs dl_ffered in onsst
only (bed-red, log-hog, fed-led), and three word pairs d}ffered in rime only (hle -
hog, fed-fog, led-log). The words were presented in qu?.suandom order as samples,
and the comparisons were two photos. The correct f:howe was the photo that corre-
sponded to the spoken word, and the incorrect choice was a]ways_ the photo corre-
sponding to the other member of the word pair. There were two trials per fach pair
of words (each word was presented as a sample once). 11.’ accuracy was 100% on one
session or at least 92% on two consecutive sessions, this training ended. N

Constructed-response copying (CRC). This training ens.ured that participants
were familiar with the task of constructing a word using a written model. 'Later, the
training in constructed-response spelling used CRC as a prqmpt. A session began
when one of the three three-letter words (fed, led, fog) was fhsplayed in the sample
area. A touch to the sample produced an array of 11 letters in the chmce' pool area.
First, the experimenter ran a 3-trial (one trial of each word) (.iemonstratxon session
in which she modeled for the participant what to do. .SITe pointed to eE}ch !etter 12
the sample word and said: ,,Find this letter and touch it just as I am doing it now.
Next, a new session started for the participants to learn CRC. The three wgrds were
shown in a random order. When the participant constructed three consecutive words

ectly, this training ended. N
COHCon};tructed—respinse spelling (CRS). This task ensured that the‘pflrtlmpants
were familiar with the spoken-to-printed word constructed-response training format
and that they had mastered spelling of several words. We used four }vords (,,sit, tap,
pin, nap”) that were not in the group of the 26 study words. We will refer to those
four words from this point on as baseline words. o ‘

As part of the training sequence, each word was taughic mdmdgally using a
prompt-fading procedure. A trial began when the word was .dlsplayed in fshe sample
area and the computer presented a spoken word corresponding to the written word.
The participants copied the written word (as in CRC).. A‘cross ‘subsequent trials, the
prompt of the written word was gradually faded, beginning with the absence of the
third letter, then the second, and the first until finally the spoken word was not
accompanied by a written one. The fading procedure advanced one step (one letter
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disappeared) following two correct responses and backed up one step (one letter
was added) following an error. The training continued until the word was spelled
correctly twice in a row in response to only the spoken word.

The sequence of teaching was as follows: teach the first word to mastery using
prompt fading, teach the second word to mastery using prompt fading, teach a mix-
ture of the two words to a criterion of four consecutive correct responses (two for
each word), teach the third word to mastery using prompt fading, teach spelling
words 1, 2, and 3 when they are presented randomly to a criterion of six consecu-
tive correct responses, teach the fourth word to mastery using prompt fading, and
teach a mixture of all four words presented randomly to a criterion of eight consec-
utive correct responses. The program automatically branched to the next teaching
step when the mastery criterion was met. The criterion for ending this training was
one full session at 100% or two consecutive sessions at 11/12 (92%) with all four
words intermixed.

Constructed-response spelling without feedback (CRS without feedback).
During this session, the participants were asked to spell the four baseline words
(three trials per each word, presented randomly). They did not receive any feedback
for correct or incorrect responding. This session was to prepare the participants for
tests (without feedback) to be presented in Phase 2. If the accuracy was at least 92%
on two consecutive sessions, Phase 1 ended. If accuracy was below 92%, retraining
that was based on the child’s error pattern was presented. Once the child complet-
ed retraining, she was given the CRS without feedback session again. If the accu-
racy was at least 92% on two consecutive sessions, Phase 1 ended. If accuracy was
below 92%, retraining continued.

3.1.2. Results

All of the participants named at least 8 out of the 11 letters, Connie did not
require any training on letter naming; Ella was trained on »b” and ,,d,” and Molly
was trained on ,,b,” ,,d,” and ,,h.” Following the training, both Ella and Molly scored
100% on the computerized letter naming session. All three participants required
training to name the four words. The initial accuracy on reading those words ranged
from 0% to 25%. The participants required between four and eight table-top ses-
sions to master naming those words. Following the training, their accuracy on the
computerized word naming session was 100%. On auditory discrimination, both
Ella and Molly scored 100% on the first session, and Connie scored 92% and 100%
on two consecutive sessions. All three participants demonstrated mastery of the
constructed-response copying in one session.

Regarding the constructed-response spelling of the four baseline words, Ella
required 120 trials to demonstrate spelling mastery of those words. Connie required
96 trials, and Molly 240. Ella’s and Connie’s responding did not deteriorate when
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i - lling session with no feed-
they were presented with the constructed-response spe
bac)llc. Bothpof them scored 100% correct. Molly, hov&fever, s-cc?red 83% on the r;o
feedback session and required retraining. Following this retraining, she scored 92%
and 100% on the no feedback sessions.

3.2. Phase 2: Comprehensive Pretests on Spelling and Word-Naming

3.2.1. Method

Two kinds of pretests (i.e., spelling and word-fxa_ming) were adm:msterfi:i ("lfl;lr-
ing eight sessions. All pretest sessions were adm1n1§tered without feedbac d. 3
sessions consisted of 12 trials, within which eight-or nine presen.te-d study words ?n
the rest were baseline trials (four words taught in CRS pretrat.mmg). The baseline
word trials were included to ensure that the participants ti:xpe.nenced some suc(,::asfE
during the pretest sessions. Regarding the study word trials in ezjtch of the pt;e. es
sessions, there were two or three trials of exemplax_' W(?rds, two trlai.s ot." onse ruc'ine
recombination words, and four trials of wit.hln.-rlme .recombmatlon WOr sl,l
Additionally, within each session the trials were distributed in a way to represent a

sets and rimes. . ‘
o ﬂ;"i): I‘tl)oth the comprehensive spelling pretest and comprehensive word-na;n:;:tfg
pretest, we presented four sessions, one per day. They had the same cont;:t an t ;S;
fered only in what the child was supposed to do — spell or name words'. T iree pre =
sessions (sessions A, B, C) encompassed all of' the study words with mtm:mnxw
baseline words. The fourth session was a repetition of one of the Pretest ses.51lons.
control for practice effects. Sessions A and B each had nine ex.perm.lental t{u}, s (ie,
9 of 26 study words were presented once each) ar-ld three bz‘tsehn'e trials, W:th \:’E:;'e
randomly presented. Session C had eight expenmen.tal trl.als (i.e., the eight study
words were also presented once each) and four baseline trl.als. - .

Comprehensive Pretest on Spelling. During the spelling pretest sessmr(;s, dt e
participants were asked to spell words using CRS when they heard the worls l;c;
tated by the computer. We measured the percentage of words spfz,l!ed corrfi;:}t y. oe
example, if the participant was to spell ,,mop,” but spelled ,,mep” instead, the sci:n:[
for the whole word was 0% correct. We also measurefi 'the percentage of c?rrect et-
ters in each word that were placed in appropriat'e positions. For examfle, if the par-
ticipant was to spell ,,mop,” but spelled ,,mep” instead, we scored 67% ofbletters in
correct position because 2 of 3 letters were where _they were supposted to be. .

Comprehensive Pretest on Word-Naming. During the word-naming pretest se
sions, the participants were asked to read the words presented on a c?mpute; screelti.
We measured the percentage of words read correctly. Tl.le experimented scoret
accuracy manually and taped most of the sessions so that interobserver agreemen

could be assessed.
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3.2.2. Results

The first panel of Figures 7, 8, and 9 shows accuracy on the comprehensive
spelling pretest for the three participants. The bars show accuracy of whole words
and the dots show accuracy of individual letter placement, The fourth column of
Figures 10, 11, and 12 provides the participants’ actual responses to each test trial,
Figure 7 shows that Ella did not spell any of the 26 study words correctly on the
comprehensive pretest. Her accuracy on the baseline words, however, was perfect
(not shown in Figure 7). For the study words, she did type some letters and placed
them in correct positions. She placed 29%, 56%, and 33% of letters in correct posi-
tions for the exemplar, onset/rime recombination, and within-rime recombination
words, respectively. Figure 10 shows that Ella typed each of the seven onsets on at
least one occasion. Additionally, for 9 of the 13 words (69%) that had the vowel »0”
in the middle, she placed ,,0” in the correct position. In contrast, she never typed
”e'”

Figure 8 shows that Connie did not spell any of the 26 study words correctly.
She spelled 3 of 4 baseline words correctly (not shown in Figure 8). Similar to Ella,
she also placed some of the letters in correct positions. She typed 33% of letters for
the exemplar words, 39% for the onset/rime generalization words, and 36% for the
within-rime recombination words, Figure 11 shows that Connie typed in the correct
onset for 25 of the 26 words. For »mog,” she typed in ,,log” although she correctly

repeated the word to be spelled. With the exception of ,,mog” she never spelled any
of the rimes.

Figure 9 shows that Molly did not spell any of the study words correctly on the
comprehensive spelling pretest. Her accuracy on the baseline words was perfect
(not shown in Figure 9). Molly placed 25% of letters in correct positions for the
exemplar words, 17% for the onset/rime recombination words, and 22% for the
within-rime recombination words. Figure 12 shows that Molly typed correctly the
onsets ,.f, 1, b, m, r” for most of the appropriate words. She never typed the onsets
»N” or ,,c” for the appropriate words. Additionally, she did not spell any rimes.

Finally, Figure 13 (the first bar in each panel) shows accuracy on the compre-
hensive word-naming pretest for the three participants. Ella named correctly 8% of
the study words; Connie read 38%; and Molly 15 %. The participants’ accuracy on
the baseline words varied. Molly named correctly 93 % of the four words, Connie
100%, and Molly 60%. The reliability of the word-naming results was calculated

using at least 40% of the trials for each participant. The reliability for Ella was 94%,
for Connie 88%, and for Molly 97%.
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Pretest Set 1 Set2 Set3 Set 4 Set 5 Set6 Posttest
Set | Word | Score | Incorrect [ Train| Post Pre |Train Pre [Train|Post| Pre |Train|{Post| Pre |Train|Post| Pre |Train|Post| Pre |Train|Post{ Score | Incorrect | Write | Incorrect
response response Response
rod | 67-0 rob 100-100 100-100 100-100
ceg | 33-0 < 100-100 100-100
6
cog | 67-0 coc 100-100 100-100 100-100
ced | 0-0 e 100-100 100-100 100-100
med | 67-0| mob 100-100! 100-100
reg | 33-0 r 100-100 100-100
5
rog | 67-0 o 100-100 100-100 100-100
red |33-0 T 100-100 100-100 100-100
bod | 33-0 dob 100-100 100-100
meg | 33-0 m 100-100 100-100
4
mog | 67-0 mo 100-100 100-100 100-100 100-100
med | 33-0 m 100-100 100-100 100-100
hod | 0-0 ob 100-100 100-100
beg | 33-0 b 100-100 100-100 100-100
3
bog | 67-0 bo 100-100 100-100 100-100
bed | 0-0 d 100-100 100-100 100-100 100-100
lod |33-0 I 100-100 100-1 00] 100-100
heg | 0-0 [ 67-50 100-100 100-100
2
hog | 0-0 o 67-0 33-0 100-100 - 100-100
hed | 33-0 h 100-100| T 100-100 100-100 100-100 100-100
fod | 33-0 fd 100-100 100-100
leg | 33-0 1 100-100 100-100
! log | 67-0 lo 100-100{100-100| T 100-100] 100-100] 100-100
fog | 67-0 fo 100-100 100-100] 100-100
led | 33-0 i 100-100{100-100| T 100-100| 100-100
fed |33-0 f 100-100 100-100 100-100]

Figure 10. Ella's accuracy on the comprehensive spelling pretest, the individual word set tests, the comprehensive spelling posttest, and the written
spelling test. The two numbers in each cell represent percent of letters in correct position (first number) and percent of words spelled correctly (se-

cond number). Letter "T" represents training and shaded cells represent words not directly taught. Beginning with Set 1, columns labeled "Pre" or

"Post" indicate one test session, whereas columns labeled "Train" indicate the occurrence of one or more training sessions - until criterion
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Pretest Set 1 Set2 Set 3 Set4 Set 5 Set & Posttest
Set| Word | Score| Incorrect | Train| Post | Pre | Train |Post| Pre |Train|Post| Pre |Train| Post | Pre |Train|Post| Pre |Train| Post| Score | Incorrect| Write | Incorrect
TEsponse response Response
rod |33-0 r 67-0 67-0 red 670 red
ceg | 33-0 [ 100-100 100-100
8 cog [33-0] ¢ 67-0 100-100 67-0 | ceg
ced | 33-0 c 100-100 100-100
mod | 33-0 m 67-0 67-0 med
reg | 67-0 | reg 100-100 100-100
. rog | 33-0 r 67-0 160-100 67-0 reg
red |33-0 r 100-100 100-100 100-100
bod | 33-0 b 67-0 67-0 67-0 bed
meg | 33-0 m 67-0 100-100 100-100
4 mog | 67-0 log 67-0 83-50 (100-100 100-100 67-0 meg
med | 33-0 m 100-100f T |100-100{100-100; 100-100
hod | 33-0 h 67-0 67-0 hed
beg | 33-0 b 100-100 100-100 100-100]
- bog | 33-0 b 67-0 67-0 100-100 100-100
bed |33-0 b 100-100 100-100 100-100 100-100 67-0 bad
lod |33-0 1 67-0 67-0 Ted
heg | 33-0 h 100-100 100-100
2 hog | 33-0 h 160-100 100-100 100-100
hed | 33-0 h 100-100 100-100 100-100 100-100
fod | 33-0 f: 67-0 67-0 fed
leg |33-0 1 100-100 100-100
| log | 33-0 I 100-100100-100 100-100 100-100]
fog | 33-0 f 100-100 100-100 100-100]
led | 33-0 1 100-100/|100-100 100-100
fed | 33-0 f 100-100 100-100 100-100;
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Figure 11. Connie's accuracy on the comprehensive spelling pretest, the individual word set tests, the comprehensive spelling posttest, and the writ-
ten spelling test. The two numbers in each cell represent percent of letters in correct position (first number) and percent of words spelled correctly
(second number). Letter "T" represents training and shaded cells represent words not directly taught. Beginning with Set 1, columns labeled "Pre" or
"Post" indicate one test session, whereas columns labeled "Train" indicate the occurrence of one or more training sessions - until criterion met.

Pretest Set 1 Ser2 Set3 Set 4 Set 5 Set 6 Posttest
Set| Word |Score | Incorrect [ Train| Post Pre | Train | Post Pre |Train|Post| Pre |Train| Post Pre |Train| Post| Pre |Train| Post | Score | Incorrect | Write | Incorrect
response response Response
rod | 0-0 = 67-0 67-0 | 67-0 red 67-0 rid
5 ceg | 0-0 s 0-0 100-100{100-100
cog | 0-0 st 0-0 100-100{100-100 67-0 gog
ced | 0-0 Y 0-0 T [100-100{100-100 100-100/
mod | 33-0 m 100-100 67-0 med
5 reg | 33-0 r 100-100 100-100
rog | 33-0 r 100-100! 100-100 100-100(100-100
red | 33-0 r 100-100] 100-100 100-100{100-100
bod | 33-0 b 67-0 67-0 bed
2 meg | 33-0 m 100-100 100-100
mog | 0-0 1 100-100 100-100 100-100 100-100;
med | 33-0 m 100-100 100-100 100-100
hod | 0-0 ik 67-0 67-0 hed
X beg | 33-0 b 100-100 100-100 100-100
bog | 33-0 b 100-100 100-100 100-100
bed | 33-0 b 100-100 100-100 100-100 100-100 T
lod |33-0 1 33-0 67-0 33-0 1 ]
) heg | 0-0 TR 0-0 100-100 100-100
hog | 0-0 f 0-0 17-0 {100-100 . 100-100
hed | 0-0 ikl 0-0 T | 100-100|100-100 100-100 100-100
fod |33-0 £ 33-0 33-0 R
leg | 33-0 1 100-100 100-100,
0 log | 33-0 i 100-100{100-100] T |100-100 100-100 100-100
fog | 33-0 f 100-100 100-100 100-100
led |33-0 1 100-100/100-100( T |100-100 100-100
fed |33-0 f 100-100 100-100 100-100

Flgurt.: I2. Molly's accuracy on the comprehensive spelling pretest, the individual word set tests, the comprehensive spelling posttest, and the written
spelling test. The two numbers in each cell represent percent of letters in correct position (first number) and percent of words speltezi correctly (se-
cond nu1?1be_r). Letter "T" represents training and shaded cells represent words not directly taught. Beginning with Set 1, columns labeled "Pre" or

"Post" indicate one test session, whereas columns labeled "Train" indicate the occurrence of one or more training sessi’ons - until criterion met.
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Figure 13. Ella's, Connie's, and Molly's accuracy on the comprehensive word-naming pretest and

posttest. Bars represent the study words and black dots represent the baseline words
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3.3. Phase 3: Individual Word Sets: Pretest, CRS Training, and Posttest
3.3.1. Method

Tab. 1. Selection and arrangement of the 26 study words into six sets

Set Exemplar Words Generalization Words
Onset/Rime Within Rime

1 fed led fog log leg fod
2 led hed log hog heg lod
3 hed bed hog bog beg hod
4 bed med bog mog meg bod
5 med red mog rog reg mod
6 red ced rog cog ceg rod

Word sets were presented in the order shown in Table 1.Training and testing
followed the same sequence of steps for each word set, as shown in Figure 1. All
sessions consisted of 12 trials and used the CRS teaching procedure.

Pretest. Each pretest was given ,,without feedback.” The first three trials were
presentations of the three exemplar words from the previous set. These words were
mastered by the time they were used in these pretests. If the three words were not
spelled correctly, the program continued with the exemplar words. If the first three
words were spelled correctly, the program automatically branched to the other nine
trials. The other nine trials were intermixed presentations of the six words from the
set that was being pretested (one trial per word) and the three exemplar words from
the previous set. The pretest was omitted for Set 1; Set 1 pretest data were taken
from the comprehensive spelling pretest.

Beginning with Set 2, if the child scored 100% correct on the exemplar words
in the set that was pretested [e.g., words ,led”, ,hed”, and ,log” for Set 2], she
moved directly to the pretest for the next word set. That is, a child could miss some
or all of the onset/ rime and within-rime recombination words during the pretest,
and still move to the pretest for the next set. The reason for this rule was that train-
ing and posttesting was not necessary if the participant spelled correctly at the
pretest all words that were to be trained. If a participant did not score 100% correct
on the exemplar words in the set that was being pretested, she moved to the trai-
ning phase.

CRS Training. These sessions involved the three exemplar words in each set.
The training sequence and mastery criteria (described in the CRS section) were the
same for all of the sets.

Posttest. Each posttest was given ,,without feedback.” The first three trials were
presentations of the three exemplar words learned in the current set. If the child was
correct on those three trials, the program automatically branched to the other nine
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trials. These trials were intermixed presentations of the exemplar words (three tri-
als) and the generalization words (six trials — two trials per word).

3.3.2. Results

Figures 7, 8, and 9 (six panels representing the six word f?‘ets) and Figures 10,
11, and 12 (columns representing testing and teach?ng of the six word sets) present
accuracy on the pretests and posttests for the individual word se‘ts.

Figure 7 shows that on Set 1 Ella did not spell any of the six words coyrectly.
She was trained on the exemplar words in Set 1 (,.fed, led, fog”). Ella required ?30
trials of training to reach mastery criterion on the three words. She made two mis-
takes on those 80 trials. Following training, she spelled all of the Set 1 generaliza-
tion words correctly (,,log, leg, fod”). When we administered the prete?ft for Set 2,
Ella spelled correctly the exemplar words (,,led, hed, log”), two -of Whl(fh had r}ot
been yet taught. Thus, the proportion of words spelled c-:orr'ectly without dgect train-
ing was 67%. She did not spell the onset/rime recorn.bmatlon word (,,hog”) and she
spelled correctly 75% of the within-rime recombination words (,,heg, 10f1 ). F(,J,I' the
within-rime recombination words, she missed ,,heg” once by spelling it ,,hg.- }?or
the onset/rime recombination word, she spelled it ,,00g” twice. We began training
Ella on Set 2. She received 40 trials of training before the summer break began. She
made one mistake during training. Due to the break, she had not had-s"assmns for
approximately three months. When she returned to school,. we admn_mstered thi
pretest for Set 2 again. She showed nearly perfect recombination (fmssed ,»hog
only by typing ,,0eg”). From this point on, she had not n‘la.de any mistakes on th‘e
subsequent Pretests. We did not administer any further tra}nlng or.p‘c)sttests on indi-
vidual sets, because we followed the rule specifying that if a participant spelled all
of the exemplar words correctly on a pretest for a given set, they should move on
to the pretest for the next set. To summarize, Ella was taught to spell five words
(,fed, led, fog, log, hed”) and she constructed the rest of the study words (21) cor-
rectly without additional training (see also Figure 10). . :

Figure 8 shows that on Set 1 Connie did not spell any of the six words correct-
ly. We trained her on the exemplar words. Connie. required _48 tmat'ls. to reach mas-
tery criterion on the three words. She made one mistake dt'mng trammfg. F.ollowmg
training, she spelled the exemplar words and the ons@’nme recqmb:lnatlon word
100% correctly. She scored 50% correct on the within-rime recomfomatmn words by
spelling ,,leg” correctly on two trials, and missing ,,fod” on two trlalsﬂ. However, the
percentage of letters in correct position for ,fod” was scored as f%ﬁ because Shf:
put 4 out of 6 letters in correct positions. That is, she sp-elled ,fed” instead of ,,fod
twice. When we administered the pretest on Set 2, Connie spelled c‘orrectiy the three
exemplar words and the onset/rime recombination word. She mlss‘ed 50% of thi
within-rime recombination words. She spelled correctly ,,heg” but misspelled ,,lod.
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Since she put ,led” instead of ,,lod,” the percent of letters placed in correct positions
for the within-rime recombination words was 83%. Following the study’s proce-
dures, we did not train Set 2. On the pretest for Set 3, Connie spelled correctly all
of the exemplar words, did not spell the onset/rime recombination word, and spelled
50% of the within-rime recombination words. Again, the percentage of letters in
correct position was higher than the percentage of words spelled correctly because
for almost every misspelled word, she placed two letters (the first and the last one)
in correct positions. Because Connie did not score 100% on the exemplar words on
the pretest for Set 4, she was trained on this set. She required 48 trials to reach the
mastery criterion and did not make any mistakes on those trials. Following this
‘training, she spelled correctly the exemplar words, and 50% of the onset/rime and
within-rime recombination words. For both groups of words, she put the incorrect
vowel when she was spelling the words with ,,0” in the middle. Thus, the percent-
age of letters in correct position amounted to 83%. The results for the pretests for
Sets 5 and 6 are very similar. Connie spelled 100% of the exemplar words, neither
of the onset/rime recombination words, and 50% of the within-rime recombination
words. The mistakes were associated with the vowel ,,0.” In summary, Connie was
trained on six words (,,fed, led, fog, bed, bog, med”). For the sets that did not
require training (Sets 2, 3, 5, 6), this participant spelled correctly on the pretests 8
of 8 words that contained ,,e” in the rime (,,hed, heg, bed, beg, red, reg, ced, ceg”)
and only 1 of 8 words that contained ,,0” in the rime (,,hog™) (see also Figure 11).
Figure 9 shows that on Set 1 Molly did not spell any words correctly. She
required 48 trials to reach mastery criterion on the three exemplar words in Set 1.
She did not make any mistakes during the training. Following training, she spelled
correctly 100% exemplar and onset/rime recombination words, and 50% of within-
rime recombination words. She misspelled ,,fod” twice by typing only ,,f.” Thus, the
percentage of letters in correct positions for the within-rime recombination words
was 67%. On the pretest for Set 2, Molly spelled correctly 2 of the 3 exemplar
words. Out of the two correctly spelled words, one had not been trained. Molly
scored 0% correct on the onset rime recombination and the within-rime recombina-
tion words. Additionally, the percentage of letters in correct positions for these
words was very low (17% at the most). She required 48 trials to reach mastery cri-
terion during training for Set 2. She did not make any mistakes. Following training,
Molly spelled correctly all of the exemplar words, none of the onset/rime recombi-
nation words, and 50% of the within-rime recombination words. She missed ,,hog”
and ,,lod” on both trials for each word. The percentage of letters in correct positions
increased from 0% to 17% for the onset rime recombination words and from 17%
to 83% for the within-rime recombination words. On the pretest for Sets 3 and 4,
Molly scored 100% correct on the exemplar and onset/rime recombination words
and 50% on the within-rime recombination words. For the within-rime recombina-
tion words, she missed ,,hod” in Set 3 and ,,bod” in Set 4. Since she only misspelled
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the vowel in each of those words, the percentage of letters in correct positions for
within-rime recombination words for both sets was 83%. The pretest on Setf 5
showed perfect spelling of all six words within this set. However, on the pret-est or
Set 6, she spelled correctly 2 of the 3 exemplar words and none of the onset/rime 0;
within-rime recombination words. She missed ,,rod” a.md all of the w.ord.s that ha

¢” as the onset. She required 48 training trials to achieve rflasteryf quterlon on 'the
;hree exemplar words in Set 6. She made one mistake during training. Fol!ow%ng
training, she spelled correctly all of the exemplar and onset/rime recombination
words and 50% of the within-rime recombination words. For those w‘ords, she
missed ,rod” twice by constructing ,,red.” Thus, the perc?ntage of letters in correct
positions was 83%. In summary, Molly was trained on elgh-t \_vords (,.fed, led, fog,
log, hed, red, rog, ced”). For the sets that did not require .tralnmg (Sets 3, 4, 5),'thl¢81
participant spelled correctly on the pretests 6 of 6 untrained Vl:‘OI‘dS that containe

¢” in the rime (,,bed, beg, med, meg, red, reg”) and 4 of 6 pntramed words that con-
:c,ained ,,0" in the rime (,,bog, mog, rog, mod™) (see also Figure 12).

3.4. Phase 4: Comprehensive Posttest on Spelling and Word-Naming

3.4.1. Method

These final tests were given after a participant completed all six word sets. {Xll
sessions were administered without feedback. During this phz;se, only. one session
took place each day. First, we administered the comprehensive spelln}g postltf‘sts
followed by the written spelling test on selected words. The cpmprehenswe spelling
posttest consisted of three sessions (A, B, C) that were identical to Fhe com-prehe;l-
sive spelling pretest sessions. The written test consisted of one 10-trial sess1onl. The
computer dictated the 10 words to be spelled one at the time. The le_tter pool was
not visible. The child wrote the words on a piece of paper. T}xe written test was
given to investigate generalization of spelling across ‘to.pographles (wrlt11.1g Vs. cczllll-
structing). Following the spelling posttests, we administered t.hree sessions o_f e
word-naming posttests, which were the same as the word-naming pretest sessions.

4.4.2. Results

Figures 7, 8, and 9 (first panel, the three bars entitled ,,Posttest”) and Figu'res
10, 11, and 12 (the last four columns) present accuracy on tl'_le_ comprel.lenswe
spelling posttest and the written spelling test for the three participants. Figure 7
shows that Ella spelled correctly 100% of the three types of words.lShe spel'I}ed- cor-
rectly eight exemplar words, four of which had not been ?ramed ESO %); SIX
onset/rime recombination words, five of which had not been tr'funed (83%); and 12
within-rime recombination words, none of which had been trained. Thus, Ella had
been trained on five words and spelled correctly all 21 untaught words on the com-
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prehensive posttest (see Figure 10). On the written test, she spelled correctly 10 out
of 10 words.

Figure 8 shows that Connie spelled correctly 100% of the exemplar words, 83%
of the onset/rime recombination words, and 50% of the within-rime recombination
words. Regarding the exemplar words, 3 of the 8 words (38%) had not been trained
yet spelled correctly. Out of the 5 onset/rime recombination words that Connie
spelled correctly, 4 had not been trained (66%). The percentage of letters in correct
positions for those words was 94%. Connie spelled half of the within-rime recom-
bination words — all of the words with ,,eg” as the rime and none of the words with
»0d” as the rime. None of those words had been trained. The percentage of letters
in correct positions was 83%. In summary, Connie spelled correctly all of the words
that had been taught directly, plus 13 of 20 untaught words on the comprehensive
posttest (see Figure 11). On the written test, she spelled correctly 6 of 10 words. The
mistakes were associated with the vowels. The other letters in each misspelled word
were correct. Thus, the percentage of letters in correct positions was 87%.

Figure 9 shows that Molly spelled correctly 100% of the exemplar and
onset/rime recombination words, and 50% of the within-rime recombination words.
Out of the eight exemplar words that were spelled correctly, only two had not been
taught (25%). Four of the six onset/rime recombination words (67%) had not been
taught and none of the six within-rime words that were spelled correctly had been
trained. Regarding the within-rime recombination words that Molly misspelled, like
Connie, she made errors on all of the ,,0d” words. She missed the vowel in four
words and she only spelled the first letter in two other words. Thus, the percentage
of letters in correct positions was 67%. In summary, Molly spelled correctly all of
the words that had been taught directly, plus 12 of 18 untaught words on the com-
prehensive posttest (see Figure 12). On the written test, she spelled correctly 8 of
10. She wrote ,,rid” instead of ,,rod” and ,,gog” instead of »C0g.” Thus, the percen-
tage of letters in correct positions was 93%.

Finally, Figure 13 (the second bar in each panel) shows accuracy on the com-
prehensive word naming posttest for the three participants. Ella named correctly
54% of the study words; Connie read 92%; and Molly 46%. The participants’ accu-
racy on the baseline words was 80% for Ella and 100% for both Connie and Molly.
The reliability of the word naming results was calculated using 100% of trials. The
reliability was 94% for Ella and 97% for both Connie and Molly.

4. DISCUSSION

The present study investigated whether children at a very early stage of reading
instruction spelled correctly untrained CVC words once they had been trained to
spell other words containing the same letters as the untrained words. The results
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showed that one child demonstrated nearly perfect recombinatipq after she had been
taught to spell five words; this child spelled correctly the remaining 21 stud;lz wgrds
without additional training. The other two children showed partial recombination.
They were trained on six and eight words, respectively z_md spelled. co_rrectly two
thirds of the remaining study words. These results provide a convincing demon-
stration of recombinative generalization of within-syllable units in spelling of three-
letter words. - N

These positive results could have been faciIitated.by the use of matrix training.
In some previous studies of within-word recombination, relatively small recombi-
nation effects were shown [e.g., Goswami 1986]. However, those resea'rchers
trained the participants on some, but not all, components that ov?rlapped w:lth the
untrained words. Matrix training, in contrast, ensures ti_lat the trained W(?rds 11"10-0['-
porate all of the elements needed to construct the untrained words. Matrix training
results in mastery of the larger, trained units (CVC words) that are composed of
common, smaller elements (onsets, rimes, or individual phm}emes). Perfect.accura-
cy on the untrained items would demonstrate recombinative generalization a.nd
show that an individual’s responding is under the control of those s'rnal}er units.
Matrix training, then, is an excellent means for programming recombinative gene-
ralization. o

In this study, some generalization words required recqmbm:atlf)n of o.nsets and
rimes (e.g., ,log” in Set 1), and some required rf:cpmbinatlon within the rime (e.g.,
Lleg,” ,fod” in Set 1). We expected that the participants .would demo.nstr'ate recom-
binative generalization more readily for the onset/rime recombmatl‘on words
because these words included intact trained rimes. Thus, the construction of the
within-rime recombination words might be expected to be more difficult. \_?Ve :.a.lso
thought that if the participants did not demonstrate‘ theE onset/rime recombination,
they would not demonstrate the within-rime recombination. However, the data from
the present study did not support this prediction.

Regarding the first hypothesis, Ella’s and Molly’s responses on the tests for the
individual word sets and on the comprehensive spelling Posttest sh()\fved‘that those
children spelled almost equally well all of the 01llsetfr1me recm?lbmatlon W(’)’rds
(,,0g” rimes) and all of the within-rime recombination words.th..at 11llcluded »eg as
the rime. The data for those two participants imply that the within-rime recor.nblpa-
tion words may not be more challenging to spell than the onset/rime recombination
words, but this conclusion is merely suggestive because there was only one
onset/rime recombination word per set. It is noteworthy that the errors werf made
mostly on the within-rime recombination words, especiallly those with ,,0d” as tllle
rime. This mistake pattern will be discussed later. Regarding the second hypc!the‘sm,
on several occasions the participants misspelled the onset/rime recombination
word, yet spelled correctly the within-rime recombination words (e.g., Ella on the
second pretest for Set 2; Connie on the pretest for set 3; Molly on the posttest for
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Set 2). Thus, demonstrating recombination on the onset/rime recombination words
was not a prerequisite for recombination on the within-rime recombination words.
Connie’s and Molly’s errors warrant further discussion. Generalization words in
each set contained two words with ,,0” rimes: ,,0g” and ,,0d.” Connie was given
seven tests during Phase 3 of the experiment. She misspelled the words with the
rime ,,0g” on five of the seven tests and the words with the rime ,0d” on all of the
tests. Furthermore, on the comprehensive spelling posttest she misspelled one of the
six ,,0g” words and all six ,,0d” words. Molly was given eight tests during Phase 3.
She misspelled the words with the rime ,,0g” on three of the tests and the words with
the rime ,,0d” on seven of those tests. On the comprehensive spelling posttest, she
did not spell correctly any of the ,,0d” words. She did spell correctly all of the »0g”
words. Thus, the performances of Connie and Molly suggest that there is a differ-
ence in recombination involving ,.” and recombination involving ,,0,” especially
the ,,0d” rime. The present study’s procedures and design did not allow firm con-
clusions as to what might have resulted in such a difference. However, this see-
mingly vowel-associated disparity could be due to the different amounts of practice
the participants received on both vowels. In each set, the exemplar words included
two words with ,,e” in the middle and only one with ,,0.” Thus, when a participant
was trained on the exemplar words, she received more training on the words with
,»€" in the middle.
de Rose et al. [1996] and Mueller et al. [2000] suggested that demonstration of
within-word and within-syllable recombination provides an example of the notion
that minimal units that have not been presented independently can develop from
larger units. Control by the minimal units would require that the participants recog-
nize that words consist of smaller units (i.e., letters) and that there is a relation
between individual sounds and letters. The present study provides additional data to
support this notion. However, one needs to take into consideration that the nature of
the teaching procedure (i.e., visual prompt fading one letter at a time) could have
cued the participants to the fact that each word consisted of three smaller units.
The second purpose of the present study was to investigate the relation between
the participants’ spelling and printed word naming accuracy. Although spelling and
reading repertoires might be functionally independent when an individual is just
learning basic literacy skills, once the individual becomes a more sophisticated
reader and speller, those repertoires become interrelated [Ehri, 1987, 1997; Lee
Pegler, 1982; Skinner 1957]. The present study suggests that such independence
might not be necessary. All three participants named correctly very few study words
at the beginning of the experiment. Following the CRS training, each participant
read correctly more words. Three points should be mentioned. First, we did not pro-
vide any word naming instruction with regard to the study words and the baseline
words were taught as sight words. Thus, the improvements in printed word naming
were most likely related to the spelling training, and not our explicit teaching of
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word naming or implicit teaching of sounding-out words. It i§ remo'te.l}.f possible
that other, uncontrolled variables, for example classroom reading activities, resx(lil-
ted in better word naming at the end of the study. HOW?VGI‘, Fhe clas.sroom records
indicate that the children did not make much progress in their reading curriculum
during the span of the study. Moreover, the vowels used in the presenjt stud.y had EOt
even been introduced in the reading series by the end of the: study. I‘t is gnhkely that
the improved accuracy of word naming was due to teaching reading in the class-
room. -

A limitation of the present study is that we are not sure what processes were
involved in correct printed word naming. In the case of directly trained words, tl}e
correct word naming could have been a result of the development of Tihe alpha‘t?etxg
principle in the course of CRS training. However, correct word naming of tra;n;eI
words could also have been due to ,,memorization” of the sp.oken cognterpatrt.o the
written word prompt that the participants copied numerous times duxlfmg training. In
the case of untrained words, the correct worddnar;u?g was most likely related to

i ction and learning of letter-sound relations. .
audl’}“(l)gti?:ctlr?)urpose of our stfdy was to examine the effectiveness of the v1suzﬁ
prompt fading procedure for teaching spelling of three-?etter Wf)l:d.s. The very sma .
number of errors made by the participants and the rapid acquisition ‘_’f spellmg 0
the trained words suggest that the visual prompt fading was an effective techmqge
for teaching rudimentary spelling. However, we dg not kn0\.v whethe_r or not.t e
mastery criteria for fading the prompts were excessive. That is, the children might
have learned to spell the trained words equally well if the program removed one Ie‘t-
ter from the written prompt contingent on one correct response, a{1d not two asfm
the present study. Additionally, because we did not compare the v1sua_1] prﬁfn;:t }zi-
ding procedure with any other procedure, we do not know how effective this tech-
nique is in comparison to other teaching methods. o -

These limitations notwithstanding, the present study .offe':rs convincing evidence
of recombinative generalization of within-syllable units in spelling three le:{ter
words. Future research might investigate whether childre'n j.aflth fewer phonological
skills (i.e., children who do not accurately spell even the ml-tl.al conson:fu?ts) demon-
strate recombinative generalization and under whatlcondltions. Addxt}onally, the
present study should be replicated with individuflls W:lth menta} retardation to 0(1)'111&
plement research on recombination in reading with this pppulatmn. F rom an applie
point of view, future studies might focus on the iqtegratlon of the spelling and rea-
ding curricula when designing a spelling instruction program. Lastly, be.cause tlllle
present study provides a promising step in the development ofa computerlzed tef: -
nology for teaching rudimentary spelling, future research shou!d continue exploring
variables that lead to even more effective technology ?f teaching. ‘ N

To conclude, the present study provides evidence in f.avor of matrix traml.ng as
effective means of facilitating generative spelling. This study also constitutes
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a much-needed example of recombinative generalization of within-syllable units.
As such, our work can be conceptualized as ,,bridge” research that connects basic
and applied behavioral sciences. The present study offers an insight into our under-
standing of the processes underlying human verbal behavior, including spelling and
reading, and into designing effective technologies for producing functional spelling
skills. Further research on recombinative generalization in spelling will broaden the
applicability of this process for spelling instruction.
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