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Use of Technology as an Innovative Approach to
Non-Linguistic Cognitive Therapy
Manon Robillard, Laurentian University, Canada
Chantal Mayer-Crittenden, Laurentian University, Canada
Abstract: The relationship between cognitive abilities and linguistic competencies in children has been documented, with
multiple studies demonstrating that subtle cognitive weakness can contribute to language learning difficulties.
Furthermore, recent research has revealed that cognitive intervention can improve the linguistic abilities of children who
have a primary language impairment (PLI). This progression in communication function would be due to improved access
to stored information. The goal of this article is to discuss how the use of technology such as the iPad and its plethora of
relevant applications (apps), could be a useful tool within the non-linguistic cognitive approach. Moreover, a new model
of language intervention using technology to increase cognitive skills has been proposed. Applications designed to increase
working memory, sustained attention, and processing speed are increasingly available. Since many of these apps are
available as games, they offer promising results due to their motivating characteristic, as much for the children using them
as for their parents looking for a new method of treatment. This innovative approach could produce positive results; even
improve children’s language skills more rapidly than traditional approaches.
Keywords: Technology, Cognition, Primary Language Impairment (PLI)

Introduction

T

here is growing evidence to support the fact that cognitive and linguistic skills are correlated
in children (e.g., Ebert and Kohnert 2009; Kohnert and Ebert 2010). There is also evidence
that children with primary language impairment (PLI) achieve lower scores than their peers
on non-linguistic cognitive processing tasks, although they do not necessarily score below the norm
(Amitay, Ahissar, and Nelken 2002; Archibald and Gathercole 2006; Bishop 1996; Evans and
Pourcel 2009; Ellis Weismer, Evans, and Hesketh 1999; Gathercole and Baddeley 1990;
Gathercole et al. 1994; Kohnert, Windsor, and Dongsun 2006; Leonard 1998; Montgomery and
Evans 2009; Tallal 2003; Thordardottir et al. 2011; Ullman and Pierpoint 2005). Essentially, a
certain level of cognitive abilities is needed for children to learn language. Cognitively demanding
experiences can modulate brain development and, by the same token, modify cognitive functions
(Green and Bavelier 2003; Maguire et al. 2000; Polk and Farah 1998; Salthouse and Mitchell
1990). This being said, the use of cognitive tasks could indirectly improve language skills. In fact,
studies (e.g., Ebert and Kohnert 2009; Ebert, Rentmeester-Disher, and Kohnert 2012) have already
shown that language skills can be improved by working on cognitive processing skills. For
bilingual children, the advantage of a non-linguistic cognitive approach is amplified, since this
method was shown to have positive effects in both languages in a study by Ebert, RentmeesterDisher, and Kohnert (2012).
According to Rosas et al. (2003), “the future of portable technology as an instructional tool –
such as a video game – is promising (p. 91)”. Many conventional cognitive games are now
available in an application or “app” format, and can be used on Apple devices such as the iPad
(Apple 2013) or other Android tablets. Since some studies have shown that playing video games
may lead to superior spatial resolution of visual processing, presumably because of the practice
they obtained while playing the games (Green and Bavelier 2003), the use of technology to play
cognitively steered games could be a new approach to non-linguistic cognitive processing therapy.
Not only could it be beneficial for improving monolingual children’s language skills but also for
improving the learning of both languages in bilingual children. This method might prove to be at
the same time motivating for children and cost effective as it could reduce the overall length of
therapy needed. The use of technology such as an iPad or other tablet, and cognitively steered apps,
The International Journal of Technologies in Learning
Volume 20, 2014, www.thelearner.com, ISSN 2327-0144
© Common Ground, Manon Robillard, Chantal Mayer-Crittenden
All Rights Reserved, Permissions: cg-support@commongroundpublishing.com

THE INTERNATIONAL JOURNAL OF TECHNOLOGIES IN LEARNING

could consequently become an innovative approach to the treatment of PLI. The aim of this article
is to propose a model that encompasses the use of technology for the purpose of non-linguistic
cognitive intervention, for both monolingual and bilingual children who have PLI. The proposed
model could be used as an experimental design for future studies to support the hypothesis that
technology combined with non-linguistic cognitive intervention is beneficial for children who have
PLI.

Cognition and Language
Many authors maintain that children who have PLI also have reduced performances on cognitive
tasks (e.g., Archibald and Gathercole 2007; Bishop and Norbury 2005; Gathercole 2006; Hoffman
and Gilman 2004; Im-Bolter, Johnson, and Pascuale-Leone 2006; Ellis Weismer et al. 2005).
Indeed, according to the General interactive processing theory, basic cognitive mechanisms are
inherent in the acquisition and effective use of language skills (Kohnert 2007).
As previously mentioned, numerous studies have shown that certain non-linguistic capacities
are compromised in children who have PLI. These non-linguistic abilities include sustained
attention (e.g., Spaulding, Plante, and Vance 2008; Finneran, Francis, and Leonard 2009), working
memory (Archibald and Gathercole 2006; Bishop 1996; Ellis Weismer et al. 1999; Gathercole et
al. 1994; Kohnert, Windsor, and Dongsun 2006; Leonard 1998; Montgomery and Evans 2009;
Tallal 2003; Ullman and Pierpoint 2005), phonological working memory (Archibald 2006; Bishop
1996; Bishop et al. 1999; Wager, Smith, and Jonides 2003), executive control (Baddeley,
Gathercole, and Papagno 1998; Baddeley 1996; Bishop and Norbury 2005; Ullman and Pierpoint
2005), discrimination of non-verbal components (Amitay, Ahissar, and Nelken 2002; Tallal and
Piercy 1973), procedural memory and abstraction (Evans and Pourcel 2009), processing speed
(Catts, Adlof, and Ellis Weismer 2006) and auditory treatment (Tallal 2003), among others.
Children with PLI also have difficulty processing information when the complexity of tasks
increase, which has been given the term limited processing capacity (LPC) (Ellis Weismer, Evans,
and Hesketh 1999; Gathercole 2006; Leonard et al. 2007; Miller et al. 2001; Montgomery and
Windsor 2007). The presence of subclinical weaknesses of processing speed, working memory and
attention in children with PLI could contribute to language deficits by impeding language learning
(e.g. Ebert, Rentmeester-Disher, and Kohnert 2012; Kohnert and Ebert 2010; Leonard et al. 2007).
According to Petitto (2009), extensive exposure to more than one language at an early age
positively impacts language development. Indeed, according to this author, brain imaging research
support early exposure to second language mastery. Studies using functional Near Infrared
Spectroscopy (fNIRS) have demonstrated that early exposure to two languages modifies the
organization of language in the brain, which has been named the “bilingual signature” (e.g.,
Kovelman, Baker and Petitto 2008; Kovelman, Shalinsky, Berens and Petitto 2007).

Primary Language Impairment (PLI)
It is estimated that 7 % of school-aged children have a language impairment (Tomblin et al. 1997).
These children typically have a persisting language delay (American Psychiatric Association 1994;
Bishop 1992; Leonard 1998). Within a clinical setting, the term primary language impairment
(PLI) defines language learning difficulties in the absence of other developmental difficulties
(Kohnert 2010; Tomblin et al. 2003), which suggest that the difficulties occur mainly within the
language domain, without implying that treatment of information or working memory difficulties
could not be co-existent.
Children with PLI do not have a specific lesion site, nor are their language delays caused by a
clear cognitive impairment (Kohnert, Windsor, and Ebert 2009). However, new findings support
the possibility of a neurological component to PLI (see Ullman and Pierpont 2005 for a review).
According to Kohnert (2010), PLI is due to innate factors that negatively interact with the demands
of language-learning. Some of the reported markers of PLI are limited vocabulary (e.g., Gray 2004;
Rescola 2005), morphosyntaxical difficulties (e.g., Bedore and Leonard 2001; Cleave and Rice
82

AUTHOR NAME: TECHNOLOGY AND NON-LINGUISTIC COGNITIVE THERAPY

1997), shorter and less complex narrative discourse (e.g., Gutiérrez-Clellen 2004; MayerCrittenden 2013; Scott and Windsor 2000), and difficulties with social language (Fujiki et al.
1999). Children with PLI are also at risk for reading and writing difficulties (Bishop and Snowling
2004). This will in turn put them at risk for reduced academic, economic, and social outcomes
(Kohnert 2010). Until recently, children with a language impairment were thought to have intact
cognitive skills (Leonard 1998). We now know that children with PLI may have general processing
capacity limitations which lead to a reduced performance in both the verbal and nonverbal areas
(Leonard et al. 2007; Miller et al. 2001; Weismer and Hesketh 1996).

Working Memory
Working memory is a limited system responsible for the temporary classification and the treatment
of information (Baddeley 1986; Just and Carpenter 1992). Working memory was defined by
Baddeley and Hitch (1974) as an active memory system which handles both the maintenance of
short-term information and processing for the transition to the long-term memory, allowing the
realization of immediate cognitive activities. Baddeley and Hitch (1974) initially proposed three
components of working memory: the central executive, the visual spatial sketchpad and the
phonological loop. In 2000, a fourth component was added to the model, the episodic buffer
(Baddeley 2000).
The central executive is a core element of Baddeley’s model. It is responsible for the control
and regulation of cognitive processes, and could even be considered as a surveillance system
(Baddeley and Della Sala 1996). The visual spatial sketchpad specializes in the maintenance and
handling of visual and spatial representations (Alloway, Gathercole, and Pickering 2006; Baddeley
and Logie 1999). There are two components in the visual spatial sketchpad: one that specializes in
visual information and the other that specialized in spatial information (Logie 1995). The
phonological loop on the other hand provides a temporary storage of verbal information (Alloway,
Gathercole, and Pickering 2006; Baddeley and Logie 1999). It plays an important role in subvocal
rehearsal, which is important in the prevention of degradation of verbal information (Baddeley and
Hitch 1974). The phonological loop is also implicated in vocabulary acquisition, particularly in the
preschool years (Baddeley, Gathercole, and Papagno 1998). The last component, the episodic
buffer, has a direct relationship with long-term memory, which could be important for learning
(Pickering and Gathercole 2004). It uses multidimensional codes to incorporate representations of
working memory and long-term memory into unitary episodic representations that could
correspond to conscious experiences (Pickering and Gathercole 2004).

Sustained Attention
Attention is a cognitive process that allows for the concentration on a stimulus or an event
(Ashcraft and Klein 2006). Without attention, the cognitive system has difficulty operating
(Ashcraft and Klein 2006). In fact, attention impairments have an impact on all cognitive abilities
(Sarter and Bruno 1999). Krakow et al. (1983) describe sustained attention as the ability to become
and to remain engaged. It can also be defined as a process where a person needs to mindfully and
consciously process stimuli, whose non-arousing qualities will otherwise lead to habituation and
distraction (Robertson et al. 1997). It represents a fundamental factor in human cognitive capacity
(Sarter et al. 2001). Sustained attention is needed to accomplish all cognitive activity and all
thoughts (Zarghi et al. 2011). Indeed, Matthews et al. (2010) state that it is crucial for human
performance. According to DeGangi and Porges (1990), sustained attention contains three steps:
obtaining attention, retaining attention and releasing attention. It requires a conscious effort that is
activated in about 300 ms (Yeshurun, Montagna, and Carrasco 2007). Sustained attention does not
vary according to gender, but does improve with age (Seidel and Joschko 1990). However, Sarid,
and Breznitz (1997) state that sustained attention improves between the ages of two and four, but
reaches a plateau after the age of four.
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Many factors impact sustained attention (Parasurmaman 1986; Parasuraman, Warm, and
Dember 1987). Among them are the successive presentation of signal and non-signal features, high
event rate, spatial uncertainty about the locus of event presentation, the use of dynamic stimuli,
demands on working memory and using signals with conditioned or symbolic significance (Sarter,
Givens, and Bruno 2001). Fatigue and stress can also cause difficulties in sustained attention
(Matthews et al. 2000), and in turn, tasks related to sustained attention can cause fatigue and stress
(Warm, Matthews, and Finomore 2008).

Processing Speed
Children with PLI process information more slowly than typically developing children (Kohnert,
Windsor, and Ebert 2009; Ullman and Pierpont 2005). For example, they are slower at processing
linguistic tasks such as naming pictures, and making lexical judgments (Windsor et al. 2008). They
are also slower at processing non-linguistic tasks such as mentally rotating geometrical shapes
(Windsor et al. 2008). Children with PLI also have a slower response time when detecting pure
tones that have a brief duration, when reproducing a series of colored lights, when tapping their
fingers rapidly in response to stimuli, when moving pegs on a board, and when stringing beads
(e.g., Bishop 1992; Johnston and Ellis Weismer 1983; Miller et al. 2001; Miller et al. 2006; Owen
and McKinlay 1997; Powell and Bishop 1992; Tallal and Piercy 1974; Uwer, Albrecht and Von
Suchodeletz 2002; Windsor et al. 2001).

Non-Linguistic Cognitive Therapy
For the treatment of cognitive skills to impact the language abilities of children with PLI, a
correlation and a causal association are required between non-linguistic processing weaknesses
and language skills (Ebert, Rentmeester-Disher, and Kohnert 2012). New studies have shown that
it is possible to improve language learning in children who have PLI by working on cognitive nonlinguistic processing tasks (e.g. Ebert and Kohnert 2009; Ebert, Rentmeester-Disher, and Kohnert
2012). In 2009, Ebert and Kohnert’s study revealed that two children aged 7 and 8 with PLI made
gains in expressive language skills after participating in activities targeting auditory memory and
speed of processing for visual information. In 2012, Ebert, Rentmesster-Disher, and Kohnert
revealed that two bilingual children (Spanish and English) made gains in cognitive non-linguistic
processing skills as well as gains in language ability after participating in activities targeting
processing speed and sustained attention. Given that cognitive processing deficits contribute to
language learning delays in PLI, it is not surprising that the improvement of processing skills
positively affects language learning (Ebert, Rentmeester-Disher, and Kohnert 2012). Since this
treatment method does not target a specific language, gains can be made in both languages known
to bilingual children (Ebert, Rentmeester-Disher, and Kohnert 2012).

Impact for Bilingual Children
Since both languages are affected in bilingual children with PLI (Kohnert 2010), they typically
learn each one of them at a slower pace (Hakansson, Salameh, and Nettelbladt 2003). Nonlinguistic cognitive therapy could be a very effective approach in the intervention of bilingual
children. Since the cognitive gains made from this type of intervention increases skills in both
languages of a bilingual child (Ebert, Rentmeester-Disher, and Kohnert 2012), a speech-language
pathologist who has no or limited knowledge of the foreign language could assist in increasing
linguistic skills within that language by using a cognitive non-linguistic treatment approach. Not
only could this technique help improve the learning of a language unbeknownst to a speechlanguage pathologist, it could also improve skills within two languages at once, in turn reducing
intervention time and costly dollars associated with extended treatment.
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Use of Technology and Apps
The use of technology for educational purposes has grown over the years. Most schools are
equipped with computers and software to help children learn, read and write. Many speechlanguage pathologists are also using new technology such as the iPad (Apple 2013) with
applications designed for speech and language treatment. Since children are motivated by the use
of technology (Kulik 1994; McFarlane, Sparrowhawk, and Heald 2002), an approach that
incorporates it within a cognitive non-linguistic treatment could bring greater success than
traditional approaches.
In their study, Ebert, Rentmesster-Disher, and Kohnert (2012) used tangible games such as
Blink (Staupe 2001), which requires that children sort cards according to their shape, colour and
the number of symbols; Bop-it, a game that requires children to perform actions according to the
musical sounds they hear; and Simon Trickster, a popular game that requires the child to replicate
a sequence of tones and lights. Since then, many technical applications are now available that
greatly resemble these tangible games. Instead of using Blink (Staupe 2001), a very similar
application could be used: Tip Tap from Joe Longstreet (2011). This app targets working memory,
attention as well as processing speed by sorting cards by colour, shape and number as quickly as
possible. Instead of Simon Trickster, the almost identical application Simon Says from Huge Lawn
– Miracle Apps ApS (2013) could be used and the game Bop It is also available in technological
format from Electronic Arts Inc. (2011). Other types of applications that could improve cognitive
skills are hidden pictures games such as Hidden Pictures (Games 2010), and Find the Differences
(Minard 2010) that require children to find differences between two images. Sustained attention is
also required for the Odd Ones Out! Lite game (Tatiana Churanova 2013), where children need to
detect which object does not belong within a scene, and also for the SymmetryGame –
concentration exercise (Esther Castello solbes 2012), where reproducing the opposite of a given
pattern using coloured shapes requires a high level of concentration. Finally, many puzzle games
such as Zentomino (Little White Bear Studios 2012) can target both attention and reasoning skills,
since geometric shapes need to be moved and rotated to complete the puzzle.
Research has demonstrated that computer games can develop complex thinking skills that are
associated to problem solving (Keller 1992). Playing video games could foster learning and brain
plasticity (Green, Pouget, and Schrater 2012). The use of technology has also been shown to be
more motivating for learning than more traditional methods of teaching (Kulik 1994; McFarlane,
Sparrowhawk, and Heald 2002). Some specific features associated with these games could be
responsible for the increased motivation to learn (Rosas et al. 2003). Examples are their
challenging nature, and the fact that they give the player a certain level of control (Jenkins 2002;
Lepper and Malone 1987). According to McFarlane, Sparrowhawk, and Heald (2002), the increase
in motivation to play technology-based games is directly related to the level of attention and
concentration required for these games. Of course, not all games produce favourable results (Rosas
et al. 2003).
Some of the effective features of technology-based games for motivation include having a
clear goal, an adequate level of complexity (not too hard, but not easily mastered), quick moving
stimuli, integrated instructions that children don’t need to read, the absence of physical laws on
what can fly or change shape, and its inherent holding power (Malone 1981; Provenzo 1991; Rosas
et al. 2003; Turkle 1984). While playing these games, children are subject to the immersion effect,
which is the learning process that happens when a child is submerged into an environment that
progressively increases the level of attention and concentration (Hubbard 1991; Rosas et al. 2003).
“Higher motivation, attention and concentration are related to the perception that an activity is
‘‘fun’’; that is, visually and cognitively attractive to children (Rosas et al. 2003 p.76)”.
Finally, the use of technology that resembles computer games is more interesting (Papert 1980;
Provenzo 1992) and more meaningful (Ausubel, Novak, and Hanesian 1983) for children.
Moreover, since a child would be able to play cognitively based applications on an iPad (Apple
2013) or other tablet independently without needing adult participation, it could be a much more
feasible way for speech-language pathologists to offer extra treatment hours. Of course, we must
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mention that parental support is an important part of treatment since they can encourage the use of
the proposed applications. Furthermore, parental involvement could also ensure that the child
makes more gains in a shorter period of time.

Proposed Treatment Model and Experimental Design
The relationship between cognitive and linguistic skills is of growing interest to researchers
studying PLI, particularly to those wanting to improve the language skills of bilingual children.
Since the use of technology for learning has grown in recent years and since children are motivated
by its use, we suggest a treatment model which incorporates a cognitive non-linguistic approach
with the use of new technology and apps that are similar to game counterparts that have been shown
to be successful. However, more research is needed to show the effectiveness of this treatment
model. Studies comparing a traditional linguistic model to a cognitive non-linguistic model using
technology could reveal if this new technique would bring similar or better results. The proposed
model could be used as an experimental design for future studies.
It is possible that the ultimate intervention delivery model for children who have PLI
encompasses both linguistic and non-linguistic cognitive techniques. If such is true, the games or
applications that improve cognitive function could be used between direct linguistic intervention
sessions, for example, as homework. Since these games can be played without the help of an adult,
they could be ideal as an evening or weekend activity at home. Within such a model, the speechlanguage pathologist would continue to directly intervene with a child within a traditional linguistic
approach. For example, a child could receive one hour a week of direct linguistic intervention for
8 weeks, but also play non-linguistic cognitive games for an hour on days when no direct treatment
is received. This would equal to 48 additional hours of indirect intervention to the 8 hours of direct
intervention, for a total intervention time of 56 hours. Since robust treatment is a key component
to improving language skills (Kohnert 2010), these extra hours could be vital to a successful
intervention. In sum, within the model proposed, children would receive traditional linguistic
intervention from their therapist and would play tailored non-linguistic cognitive games relevant
to the child’s needs as an addition to the treatment plan. Figure 1 illustrates the proposed model,
which incorporates more hours of non-linguistic cognitive therapy than hours of traditional
linguistic treatment.

Figure 1: Proposed Model of Treatment
The combination of both approaches would equal more intervention hours, both direct and
indirect, which could in turn facilitate language learning at a faster rate. Figure 2 illustrates how
the model would apply to monolingual children. In this model, we see how both the linguistic and
the non-linguistic approaches complement each other.
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Figure 2: Monolingual Linguistic and Cognitive Intervention
For bilingual children, gains could be made in the child’s first language (L1) as well as the
second language (L2) even though only one is often targeted during direct linguistic intervention.
More specifically, most speech-language pathologists speak the child’s L2 (the majority language
of the community) but don’t speak the child’s L1. Figure 3 demonstrates the application of the
model with bilingual children while working on the child’s L1 and L2, while figure 4 reveals how
the model could apply when intervention in the child’s L1 is not possible.
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Figure 3: Bilingual Linguistic and Cognitive Intervention

Figure 4: Monolingual Linguistic Intervention with “Bilingual” Cognitive Intervention
To exemplify how this would translate into a regular workweek, table 1 demonstrates a
comparison between the traditional model and the proposed model within an 8-week block of
intervention. Certainly, the model could be modified to support different lengths of treatment
blocks. Poor compliance in the absence of a therapist could play a role in the success of this model.
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Although future studies are needed to verify this experimental design, it is hypothesized that the
proposed model would be beneficial for children who have PLI.
Table 1: Comparison Between Traditional Model and Proposed Model of Treatment
Traditional Model: LingI = 1 hour of Linguistic Intervention; Total of 8 hours of treatment
Sunday

Monday

Tuesday

Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8

Wednesday
LingI
LingI
LingI
LingI
LingI
LingI
LingI
LingI

Thursday

Friday

Saturday

Proposed Model: NLCI = 1 hour of Non-Linguistic Cognitive Intervention; Total of 56 hours of
treatment
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8

Sunday
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI

Monday
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI

Tuesday
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI

Wednesday
LingI
LingI
LingI
LingI
LingI
LingI
LingI
LingI

Thursday
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI

Friday
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI

Saturday
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI
NLCI

Conclusion
Since language is an integral part of cognition, new research has been able to demonstrate the
effectiveness of a cognitive non-linguistic approach for the treatment of PLI using games that target
working memory, sustained attention and processing speed (e.g. Ebert and Kohnert 2009; Ebert,
Rentmeester-Disher, and Kohnert 2012). The purpose of this article was to propose a new model
of treatment encompassing the use of technology for the treatment of PLI. Since adopting a nonlinguistic cognitive approach can be a favorable way of increasing language skills for monolingual
as well as bilingual children (Ebert, Rentmeester-Disher, and Kohnert 2012), and since the use of
new technology can be motivating for children (Kulik 1994; McFarlane, Sparrowhawk, and Heald
2002), the proposed model of treatment pairs technology with a cognitive non-linguistic approach.
This dual approach can only be a winning combination for children who have PLI, their parents,
educators as well as speech-language pathologists. Since new apps resembling tangible games
proven to positively impact linguistic skills are readily available, we can imagine that these new
virtual formats could bring similar favorable results, and possibly at a faster rate given the
motivational aspect associated with the use of technology. This model proposes the addition of
indirect hours of cognitive play on days when linguistic intervention is not received. This could in
turn add up to as much as 56 hours of indirect intervention time compared to the traditional 8 hours
offered during an 8-week block. The addition of non-linguistic cognitive treatment with the use of
motivating technology to the traditional methods of treatment could be cost saving and help
children obtain proficient language skills at an earlier age, consequently leading to an innovative
approach to the treatment of PLI. Last but not least are the positive outcomes in terms of language
development, which could result in improved reading, writing and ultimately better scholarly
achievements. Conclusively, the use of technology in the treatment of PLI is a promising tool.

Acknowledgement
The authors would like to thank Mélissa Therrien and Élisa Langlois, research assistants.
89

90

REFERENCES
Alloway, Tracy Packiam, Susan E. Gathercole, and Susan J. Pickering. 2006. “Verbal and
Visuospatial Short-Term and Working Memory in Children: Are They Separable?” Child
Development 7: 1698-16.
American Psychiatric Association. 1994. DSM-IV Diagnostic and statistical manual of mental
health disorders (4th Edition). Washington DC: Masson Paris.
Amitay, Sygal, Merav Ahissar, and Israel Nelken. 2002. “Auditory processing deficits in reading
disabled adults.” Journal of the Association for Research in Otolaryngology 3: 302-20.
Apple. 2013. Last modified 2013. http://www.apple.com.
Archibald, Lisa. 2006. “Short-term and Working Memory in Children with Specific Language
Impairment” PhD diss., Retrieved from http://ir.lib.uwo.ca/scsdpub/1.
Archibald, Lisa, and Susan E. Gathercole. 2006a. “Short-Term and Working Memory in Specific
Language Impairment.” International Journal of Language and Communication
Disorders 41: 675-93.
Archibald, Lisa, and Susan E. Gathercole. 2006b. “Visuospatial Immediate Memory in Specific
Language Impairment.” Journal of Speech-Language and Hearing Research 49: 265-77.
Archibald, Lisa, and Susan E. Gathercole. 2007. “The complexities of complex memory span:
Storage and processing deficits in specific language impairment.” Journal of Memory and
Language 57: 177-94.
Ashcraft, Mark H., and Raymond Klein. 2006. Cognition. Toronto: Pearson Canada.
Ausubel, David P., Joseph H. Novak, and Helen Hanesian. 1983. Psicologìa educativa: Un punto
de vista cosgnoscitivo. Mèxico: Trillas.
Baddeley, Alan D. 1986. Working Memory. Oxford: Oxford University Press.
Baddeley, Alan D. 1996. “Exploring the Central Executive.” Quarterly Journal of Experimental
Psychology 49A: 5-28.
Baddeley, Alan D. 2000. “The episodic buffer: A new component of working memory?” Trends
in Cognitive Science 4: 417–23.
Baddeley, Alan, and Sergio Della Sala. 1996. “Working memory and executive control (PDF).”
Philos. Trans. R. Soc. Lond., B, Biol. Sci. 351:1397–03.
Baddeley, Alan, Susan E. Gathercole, and Costanza Papagno. 1998. “The phonological loop as a
language learning device.” Psychological Review 105: 158-73.
Baddeley, Alan D., and Graham Hitch. 1974. “Working memory.” In The psychology of learning
and motivation: Advances in research and theory 8, edited by G.H. Bower, 47-90. New
York: Academic Press.
Baddeley, Alan D., and Robert H. Logie. 1999. “The multiple-component model.” In Models of
working memory: Mechanisms of active maintenance and executive control, edited by A.
Miyake, and P.Shah, 28-61. New York: Cambridge University Press.
Bavalier, Daphne, Shawn C. Green, Alexandre Pouget, and Paul Shrater. 2012. “Brain Plasticity
Through the lifespan: Learning to learn and Action Video Games.” Annual Review of
Neuroscience 35: 391-16.
Bedore Lisa M, and Laurence B. Leonard. 2001. “Grammatical morphology deficits in Spanishspeaking children with specific language impairment.” Journal of Speech, Language, and
Hearing Research 44: 905–24.
Bishop, Dorothy V. M. 1992. “The underlying nature of specific language impairment.” Journal
of Child Psychology and Psychiatry 33: 3-66.
Bishop, Dorothy V. M. 1996. “Editorial: A gene for grammar?” Semiotic Review of Books 7: 1-2.
Bishop, Dorothy V.M., Sonia Bishop, Peter Bright, and Cheryl James. 1999. “Different origin of
auditory and phonological processing problems in children with language impairment:
evidence from a twin study.” Journal of Speech, Language and Hearing Research 42:
155–68.
Bishop, Dorothy V.M. and Margaret J. Snowling. 2004. “Developmental dyslexia and Specific
Language Impairment: Same or different?” Psychological Bulletin. 130: 858–86.
91

JOURNAL TITLE

Bishop, Dorothy V.M., and Courtenay F. Norbury. 2005. “Executive functions in children with
communication impairments, in relation to autistic symptomatology 2: Response
inhibition.” Autism 9: 29–43.
Catts, Hugh W., Susan M. Adlof, and Susan E. Weismer. 2006. “Language deficits in poor
comprehenders: A case for the simple view of reading.” Journal of Speech, Language,
and Hearing Research 49: 278-93.
Churanova, Tatiana. 2013. Odd ones out! Lite. Retrieved from http://toucharcade.com/games/oddones-out-lite.
Cleave, Patricia L., and Mabel L. Rice. 1997. “An examination of the morpheme BE in children
with specific language impairment: The role of contractibility and grammatical form
class.” Journal of Speech, Language, and Hearing Research 40: 480–92.
Castello solbes, Esther. 2012. Symmetry Game - concentration exercise. iTunes. Retrieved from
https://itunes.apple.com/app/id589417612.
DeGangi, Georgia A., and Stephen W. Porges, S. 1990. Neuroscience Foundations of Human
Performance. Rockville, MD: American Occupational Therapy Association Inc.
Ebert, Kerry D., and Kathryn Kohnert. 2009. “Efficacy of nonlinguistic cognitive intervention for
school-aged children with language impairment.” Clinical Linguistics and Phonetics 23:
647–64.
Ebert, Kerry D., Jill Rentmeester-Disher. and Kathryn Kohnert. 2012. “Nonlinguistic cognitive
treatment for bilingual children with primary language impairment.” Clinical Linguistics
and Phonetics 26: 485-01.
Electronic Arts Inc. 2011. Bop it! Retrieved from https://itunes.apple.com/ca/app
/id395307733?mt=8&s=143455.
Ellis Weismer, Susan, and Linda J. Hesketh. 1996. “Lexical learning by children with Specific
Language Impairment: Effects of linguistic input presented at varying speaking rates.”
Journal of Speech and Hearing Research 39: 177-90.
Ellis Weismer, Susan, Julia Evans, and Linda J. Hesketh. 1999. “An examination of verbal working
memory capacity in children with specific language impairment.” Journal of Speech,
Language, and Hearing Research 42: 1249–60.
Ellis Weismer, Susan, Elena Plante, Maura Jones, and J. Bruce Tomblin. 2005. “A functional
magnetic resonance imaging investigation of verbal working memory in adolescents with
specific language impairment.” Journal of Speech, Language, and Hearing Research 48:
405-25.
Evans, Vyvyan, and Stéphanie Pourcel. 2009. Human cognitive processing. Amsterdam: John
Benjamins Publishing Company.
Finneran, Denise. A., Alexander L. Francis, and Laurence B. Leonard. 2009. “Sustained attention
in children with specific language impairment (SLI).” Journal of Speech, Language, and
Hearing Research, 52: 915–929.
Fujiki, Martin, Bonnie Brinton, Melanie Morgan, and Craig H. Hart. 1999. “Withdrawn and
sociable behavior of children with language impairment.” Language, Speech, and
Hearing Services in Schools 30: 183–95.
Games, Mobad. 2010. Highlights My First Hidden Pictures. Retrieved from
https://itunes.apple.com/us/app/highlights-my-first-hidden/id381206247?mt=8.
Gathercole, Susan E. 2006. “Nonword repetition and word learning: The nature of the
relationship.” Applied Psycholinguistics 27: 513–43.
Gathercole, Susan E. and Alan D. Baddeley. 1990. “Phonological memory deficits in language
disordered children: Is there a causal connection?”Journal of memory and Language 2 :
103–27.
Gathercole, Susan E., Catherine S. Willis, Alan D. Baddeley, and Hazel Emslie. 1994. “The
children's test of nonword repetition: A test of phonological working memory.” Memory,
2: 103-27.

92

ROBILLARD AND MAYER-CRITTENDEN: TECHNOLOGY IN NON-LINGUISTIC COGNITIVE THERAPY

Gray, Shelley. 2004. “Word learning by preschoolers with specific language impairment:
Predictors and poor learners.” Journal of Speech, Language, and Hearing Research 47:
1117–32.
Green, C. Shawn, and Daphne Bavelier. 2003. “Action video game modifies visual selective
attention.” Nature 423: 534–37.
Gutierrez-Clellen, Vera F. 2004. “Narrative development and disorders in bilingual children.” In
Bilingual language development and disorders in spanish-english speakers, edited by
B.Goldstein, 235-56. Baltimore, MD: Brookes Publishing.
Hakansson Gisela, Eva-Kristina Salameh, and Ulrika Nettelbladt. 2003. “Measuring language
development in bilingual children: Swedish-Arabic children with and without language
impairment.” Linguistics 41:255–88.
Hoffman, LaVae M., and Ronald B. Gillam. 2004. “Verbal and spatial information processing
constraints in children with specific language impairment.” Journal of Speech, Language,
and Hearing Research 47: 114–25.
Hubbard, Philip. 1991. “Evaluating computer games for language learning.” Simulation and
Gaming 22: 220–23.
Im-Bolter, Nancy, Janice Johnson, and Juan Pascual-Leone. 2006. “Processing limitations in
children with specific language impairment: The role of executive function.” Child
Development 77: 1822- 41.
Jenkins, Henry. 2002. “Game theory.” Technology Review 29: 1–3.
Johnston, Judith R. and Susan Ellis Weismer. 1983. “Mental rotation abilities in languagedisordered children.” Journal of Speech and Hearing Research 26: 397–03.
Just, Marcel A., and Patricia Carpenter. 1992. “A capacity theory of comprehension: Individual
differences in working memory.” Psychological Review 99: 122–49.
Keller, Suzanne. 1992. Children and the Nintendo. ERIC ED405069.
Kohnert, Kathryn. 2007. Language disorders in bilingual children and adults. San Diego, CA:
Plural Publishing.
Kohnert, Kathryn. 2010. “Bilingual Children with Primary Language Impairment: Issues,
Evidence and Implications for Clinical Actions.” Journal of Communication Disorders
43: 465-73.
Kohnert, Kathryn, and Kerry Danahy Ebert. 2010. “Beyond morphosyntax in developing
bilinguals and “specific” language impairment.” Applied Psycholinguistics 31: 303–10.
Kohnert, Kathryn, Jennifer Windsor, and Yim Dongsun. 2006. “Do language-based processing
tasks separate children with language impairment from typical bilinguals?” Learning
Disabilities Research and Practice 21: 19-29.
Kohnert, Kathryn, Jennifer Windsor, and Kerry D. Ebert. 2009. “Primary or ‘‘specific” language
impairment and children learning a second language.” Brain and Language 109: 101-11.
Kovelman, Ioulia, Stephanie A. Baker, and Laura-Ann Pettito. 2008. “Bilingual and Monolingual
Brains Compared: A functional Magnetic Resonance Imaging Investigation of Syntactic
Processing and a Possible “Neural Signature” of Bilingualism.” Journal of Cognitive
Neuroscience 20: 153-69.
Kovelman, Ioulia, Mark H. Shalinsky, Melody S. Berens, and Laura-Ann Petitto. 2008. “Shining
new light on the brain’s “Bilingual signature”: A functional Near Infrared Spectroscopy
investigation of semantic processing.” NeuroImage 39: 1457-471.
Krakow, Joanne B., and Claire B. Kopp. 1983. “The effects of developmental delay on sustained
attention in young children.” Child Development 54: 1143-55.
Kulik, James, A. 1994. “Meta-analytic studies of findings on computer-based instruction.” In
Technology assessment in education and training, edited by E. Baker, and H. O’Neil.
New York: Lawrence Erlbaum Associates, Inc.
Lawn, Huge. 2013. Simon Says application. Miracle Apps: iTunes.

93

JOURNAL TITLE

Leonard, Laurence B. 1998. Children with specific language impairment. Cambridge, MA: The
MIT Press.
Leonard, Laurence B., Susan Ellis Weismer, Carol A. Miller, David J. Francis, J. Bruce Tomblin,
and Robert V. Kail. 2007. “Speed of processing, working memory, and language
impairment in children.” Journal of Speech, Language, and Hearing Research 50: 40828.
Lepper, Mark R., and Thomas W. Malone. 1987. “Intrinsic motivation and instructional
effectiveness in computer-based education.” In Aptitudes, learning and instruction, II:
cognitive and affective process analysis, edited by R. E. En Snow, and M. J. Farr.
Hillsdale, NJ: Lawrence Earlbaum Association.
Little
White
Bear
Studios.
2008-2012.
Zentomino.
Retrieved
from
http://www.littlewhitebearstudios.com.
Logie, Robert H. 1995. Visuo-spatial memory. Hove, UK: Lawrence Erlbaum.
Longstreet, Joe. 2011. Tip Tap Application. Kansas City: iTunes.
Maguire, Eleanor A., David G. Gadian, Ingrid S. Johnsrude, Catriona D. Good, Josh Ashburner,
Richard S.J. Frackowiak, and Christopher D. Frith. 2000. “Navigation-related structural
changes in the hippocampi of taxi drivers.” Proceedings of the National Academy of
Sciences of the United States of America 97: 4398–03.
Malone, Thomas W. 1981. “Toward a theory of intrinsically motivating instruction.” Cognitive
Science. 5: 333–69.
Matthews, Gerald, D. Roy Davies, Stephen J. Westerman, and Rob B. Stammers. 2000. Human
performance: cognition, stress, and individual differences. Philadelphia: Taylor and
Francis.
Matthews, Gerald, Joel S. Warm, Lauren E. Reinerman-Jones, Lisa K. Langheim, David A.
Washburn, and Lloyd Tripp. 2010. “Task engagement, cerebral blood flow velocity, and
diagnostic monitoring for sustained attention.” Journal of Experimental Psychology
Applied 16: 187-03.
Mayer-Crittenden, Chantal. 2013. Les compétences linguistiques et cognitives des enfants
bilingues en situation linguistique minoritaire (Unpublished doctoral dissertation).
Université Laurentienne, Sudbury.
McFarlane, Angela, Anne Sparrowhawk, and Ysanne Heald. 2002. “Report on the educational use
of games: An exploration by TEEM of the contibution which games can make to the
education process.” Retrieved from http://reservoir.cent.uji.es/canals/octeto/es/440.
Miller, Carol A., Robert V. Kail, Laurence B. Leonard, and J. Bruce Tomblin. 2001. “Speed of
processing in children with specific language impairment.” Journal of Speech, Language,
and Hearing Research 44: 416-43.
Miller, Carol A., Laurence B. Leonard, Robert V. Kail, Xuyang Zhang, J. Bruce Tomblin, and
David J. Francis. 2006. “Response time in 14-year-olds with language impairment.”
Journal of Speech, Language, and Hearing Research 49: 712–28.
Minard,
Alexandre.
2010.
Find
the
differences.
Retrieved
from
https://itunes.apple.com/ph/app/my-first-games-find-differences/id394108910?mt=8.
Montgomery, James W, and Julia L. Evans. 2009. “Complex sentence comprehension and working
memory in children with specific language impairment.” Journal of Speech, Language,
and Hearing Research 52: 269-88.
Montgomery, James W, and Jennifer Windsor. 2007. “Examining the language performance of
children with and without SLI: Contributions of phonological working memory and speed
of processing.” Journal of Speech, Language, and Hearing Research 50: 778-97.
Owen, Suzanne E., and Ian A. McKinlay. 1997. “Motor difficulties in children with developmental
disorders of speech and language.” Child Care Health and Development 23: 315–25.
Papert, Seymour. 1980. Mindstorms: children, computers, and powerful ideas. New York: Basic
Books.

94

ROBILLARD AND MAYER-CRITTENDEN: TECHNOLOGY IN NON-LINGUISTIC COGNITIVE THERAPY

Parasuraman, Raja. 1986. “Vigilance, monitoring, and search.” In Handbook of Perception and
Human Performance, Cognitive Processes and Performance, edited by K. Boff, L.
Kaufman, and J. Thomas, 43.1-43.39. New York, NY: Wiley.
Parasuraman, Raja, Joel S. Warm, and William N. Dember. 1987. “Vigilance: taxonomy and
utility.” In Ergonomics and Human Factors, edited by L.S. Mark, Joel S. Warm, and R.L.
Huston, 11-39. New York: Springer Verlag.
Pettito, Laura-Ann. 2009. “New Discoveries From the Bilingual Brain and Mind Across the Life
Span: Implications for Education.” Mind, Brain, and Education 3: 185-97.
Pickering, Susan J., and Susan E. Gathercole. 2004. “Distinctive working memory profiles in
children with special educational needs.” Educational Psychology 24: 393-08.
Polk, Thad A., and Martha J. Farah. 1998. “The neural development and organization of letter
recognition: Evidence from functional neuroimaging, computational modelling, and
behavioral studies.” Proceedings of the National Academy of Sciences of the United
States of America 95: 847–52.
Powell, Rachael, and Dorothy V.M. Bishop. 1992. “Clumsiness and perceptual problems in
children with specific language impairment.” Developmental Medicine and Child
Neurology 34: 755–65.
Provenzo, Eugene. 1991. Video kids. Cambridge: Harvard University Press.
Provenzo, Eugene. 1992. “The video generation.” American School Board 179: 29–32.
Rescorla, Leslie. 2005. “Age 13 language and reading outcomes in late-talking toddlers.” Journal
of Speech, Language, and Hearing Research 48:459–72.
Robertson, Ian H., Tom Manly, Jackie Andrade, Bart T. Baddeley, & Jackie Yiend. 1997. “Oops!
Performance correlates of everyday attentional failures in traumatic brain injured and
normal subjects.” Neuropsychologia, 35: 747–758.
Rosas, Ricardo, Miguel Nussbaum, Patricio Cumsille, Vladimir Marianov, Mònica Correa, Patricia
Flores, Valeska Grau, Francisca Lagos, Ximena Lòpez, Verònica Lòpez, Patricio
Rodriguez, and Marcela Salinas. 2003. “Beyond Nintendo: design and assessment of
educational video games for first and second grade students.” Computers and Education
40: 71-94.
Salthouse, Timothy A., and Debora R.D. Mitchell. 1990. “Effects of age and naturally occurring
experience on spatial visualization performance.” Developmental Psychology 26: 845–
54.
Sarid, Miriam, and Zvia Breznitz, Z. 1997. “Developmental aspects of sustained attention among
2- to 6-year-old children.” International Journal of Behavioral Development 21: 303-12.
Sarter, Martin, and John P. Bruno. 1999. “Abnormal regulation of corticopetal cholinergic neurons
and impaired information processing in neuropsychiatric disorders.” Trends in
Neurosciences 22: 67–74.
Sarter, Martin, Ben Givens, and John P. Bruno. 2001. “The cognitive neuroscience of sustained
attention: where top-down meets bottom-up.” Brain Research Reviews 35: 146-60.
Scott, Cheryl M., and Jennifer Windsor. 2000. “General language performance measures in spoken
and written narrative and expository discourse of school-age children with language
learning disabilities.” Journal of Speech, Language and Hearing Research 43: 324-39.
Seidel, William. T., and Michael Joschko. 1990. “Evidence of Difficulties in Sustained Attention
in Children with ADHD.” Journal of Abnormal Psychology 18: 217-29.
Spaulding, Tammie. J., Elana Plante, & Rebecca Vance. 2008. “Sustained selective attention skills
of preschool children with specific language impairment: Evidence for separate
attentional capacities.” Journal of Speech, Language, and Hearing Research, 51: 16–34.
Staupe, Reinhard. 2001. Blink. Madison, WI: Out of the Box Publishing.
Tallal, Paula, and Micheal Piercy. 1973. “Defects of non-verbal auditory perception in children
with developmental aphasia.” Nature 241: 468-69.

95

JOURNAL TITLE

Tallal, Paula, and Micheal Piercy. 1974. “Developmental aphasia: Rate of auditory processing as
a selective impairment of consonant perception.” Neuropsychologia 12: 83–93.
Tallal, Paula. 2003. “Language learning disabilities: Integrating research approaches.” Current
Directions in Psychological Science 12: 206-11.
Thordardottir, Elin T., Eva Kehayia, Barbara Mazer, Nicole Lessard, Annette Majnemer, Ann
Sutton, Natasha Trudeau, et al. 2011. “Sensitivity and specificity of French language and
processing measures for the identification of primary language impairment at age
5.” Journal of speech, Language, and Hearing Research 54: 580-97.
Tomblin, J. Bruce , Nancy Records, Paula Buckwalter, Xuyang Zhang, Elaine Smith, and Marlea
O’Brien. 1997. “Prevalence of specific language impairment in kindergarten children.”
Journal of Speech, Language and Hearing Research 40: 1245-60.
Tomblin, J. Bruce, Xuyang Zhang, Paula Buckwalter, and Marlea O’Brien. 2003. “The stability of
primary language disorder: Four years after kindergarten diagnosis.” Journal of Speech,
Language, and Hearing Research 46:1283-96.
Turkle, Sherry. 1984. The second self: computers and the human spirit. Paris: Denoel.
Ullman, Micheal T., and Elizabeth L. Pierpoint. 2005. “Specific impairment is not specific to
language: The procedural deficit hypothesis.” Cortex 41: 399-33.
Uwer Ruth, Ronald Albrecht and W von Suchodoletz. 2002. “Automatic processing of tones and
speech stimuli in children with specific language impairment.” Developmental Medicine
& Child Neurology. 44: 527-32.
Wager, Tor D., Edward E. Smith, and John Jonides. 2003. “Tracking relevant information in the
brain: An fMRI study of multiple subtypes of attention switching.” Paper Presented at the
Annual Meeting of the Cognitive Neuroscience Society.
Warm, Joel S., Gerald Matthews, and Victor S. Finomore. 2008. “Workload, stress, and vigilance.”
In Performance under stress, edited by Peter A. Hancock, and James L. Szalma, 115–41.
Brookfield, VT: Ashgate.
Warm, Joel S., Raja Parasuraman, and Gerald Matthews. 2008. “Vigilance Requires Hard Mental
Work and Is Stressful.” Human Factors 50: 433-41.
Windsor, Jennifer, Kathryn Kohnert, Amanda Loxtercamp, and Pui-Fong Kan. 2008.
“Performance on non-linguistic visual tasks by children with language impairment.”
Applied Psycholinguistics 29: 237-68.
Windsor, Jennifer, Rochelle L. Milbrath, Edward J. Carney, and Susan E. Rakowski. 2001.
“General slowing in language impairment: Methodological considerations in testing the
hypothesis.” Journal of Speech, Language, and Hearing Research 44: 446-61.
Yeshurun, Yaffa, Barbara Montagna, and Marisa Carrasco. 2008. “On the flexibility of sustained
attention and its effects on a texture segmentation task.” Vision Research 48: 80-95.
Zarghi, Afsaneh, Alireza Zali, Mehdi Tehranidost, Mohammad Reza Zarindast, Farzad Ashrafi,
Saman Doroodgar, and Seyed Mojtaba Khodadadi. 2011. “The Relationship between
Age, Sex and Education Variables with Selective, Sustained Attention and Planning
through Cognitive Tasks among Healthy Adults.” Basic and Clinical Neuroscience 2: 5867.

ABOUT THE AUTHORS
Manon Robillard: Assistant Professor, Faculty of Professional Schools, Laurentian University,
Sudbury, Ontario, Canada.
Chantal Mayer-Crittenden: Assistant Professor, Faculty of Professional Schools, Laurentian
University, Sudbury, Ontario, Canada.

96

The International Journal of Technologies in
Learning is one of ten thematically focused journals in
the collection of journals that support The Learner
knowledge community—its journals, book series,
conference and online community.
The journal explores the role of technologies in
learning, and processes of learning about and through
technologies.
As well as papers of a traditional scholarly type, this
journal invites presentations of practice—including
documentation of educational technology practices
and exegeses of the effects of those practices.
The International Journal of Technologies in Learning
is a peer-reviewed scholarly journal..

ISSN: 2327-0144

