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a b s t r a c t
Juvenile neuronal ceroid lipofuscinosis (JNCL) is characterized by severe visual impairment with onset around
age 4–8 years, and a developmental course that includes blindness, epilepsy, speech problems, dementia,
motor coordination problems, and emotional reactions. There is presently no cure and the disease leads to premature death. There have been few studies of non-medical intervention for individuals with JNCL, probably
because of the negative prognosis. The present chapter discusses the education of children and adolescents
with JNCL on the basis of current knowledge about the variation in perceptual, cognitive and language abilities
through the course of the disease, and the possibilities that exist for supporting coping and learning within
and outside the classroom. Adapted and special needs education may contribute signiﬁcantly to improved learning conditions, better maintenance of skills and less frustration for individuals with JNCL. This article is part of a
Special Issue entitled: The Neuronal Ceroid Lipofuscinoses or Batten Disease.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
The neuronal ceroid lipofuscinosis (NCL) is a group of inherited, progressive neurodegenerative diseases that affect the brain and usually
also the retina. Onset varies from infancy to adulthood, and they share
the combined characteristics of retinopathy, dementia and epilepsy
[1–4]. Categorizations of the NCLs have varied through the years [5,6]
and recent classiﬁcations include 9–14 genetically distinct disorders
[3–5] and 360 different mutations [7]. The juvenile form (JNCL), also
called Spielmeyer–Vogt disease or Batten disease, is caused by mutations in the CLN3 gene. It is characterized by a severe loss of vision
which becomes noticeable around age 4–8 years, with a developmental
course that includes blindness, epilepsy, speech problems, cognitive
regression, motor coordination problems, and emotional reactions,
including anxiety and depression. There is no cure yet and the disease
leads to premature death [1,2,8,9].
A considerable number of articles and books have been published
on JNCL since Stengel [10] in 1826 described the course of the disease
in four siblings in a small Norwegian town, Røros [2,6]. There have
been few studies of non-medical intervention for individuals with
JNCL in general, probably because of the negative prognosis and the
low incidence. Publications with an educational perspective hardly
exist. Research publications about cognitive functions rarely mention
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any implications the ﬁndings may have for education. Medical,
psychological and educational professionals seem to have focused
more on the disease itself and its devastating consequences for the
individual's development, than on the educational challenges and
possibilities. The present article discusses the education of children
and adolescents with JNCL on the basis of current knowledge about
the variation in perceptual, cognitive and language abilities through
the course of this and some other diseases with cognitive decline in
childhood [11], and possibilities for supporting coping and learning
within and outside the classroom. The research literature is limited
and the article also includes information from our own and others'
practice. The main focus is on the school age and the learning process,
and not on the emotional and behavioral reactions that often appear
in the course of the disease [12,13], although it is believed that
an adapted educational situation will contribute signiﬁcantly to
improved learning conditions, better maintenance of skills, less
frustration, and hence less severe emotional reactions for the
child or adolescent.
2. Learning and meaning through the life span
It is an inherent characteristic of education that it changes as the
students get older. For most children, including children with severe
disabilities, education is a cumulative process where the promotion of
new knowledge builds on already established competence. Due to
their gradual mental and cognitive decline, children and adolescents
with JNCL have a learning curve that is very different from children
with a normal progression. Technically JNCL is a form of dementia.
The use of this term is however controversial in connection with
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children because of the opposing interactive forces of continued progress in a child's development and the counter-developmental effects
of on-going or chronic illness [11]. In addition to a deterioration of visual functions, early signs are often related to impaired short term memory [14] and reduced ability to recall what has been said [15]. At the
same time, long-term memory allows the children to activate and recall
also events that were prior to the loss of vision and cognitive abilities
[16]. Logical reasoning and abstract concepts tend to become difﬁcult
at an early age [16,17]. Although the auditory system is less affected
by the disease than the other sensory systems [18], children with JNCL
may have problems understanding the content of what is said. There
are also often changes in behavior, difﬁculties with concentration, and
an increasing need for rest periods [9,13,17,19]. It is not clear if and
when learning may cease in the sense that new information is no longer
coded in memory, retained and retrievable, but experience from practice suggests that individuals in the advanced stages of JNCL may attend
to and remember some new events, indicating that some level of learning may still be possible. Also, the gradual stagnation and decline in
mental and cognitive development that takes place vary considerably
from individual to individual [20,21].
One consequence of the decreasing abilities is that students with
JNCL need continuously adapted education. This means that teachers
need knowledge about the functional consequences of the disease
and the educational strategies that may support learning and coping
[18,22]. Like for other students, the individual educational plan
should focus on theoretical knowledge and practical skills that the
student may enjoy and beneﬁt from in his or her practical and social
life. Also students with JNCL learn best when the educational situation is exciting and positively challenging, and when the content is
meaningful and matches their skills and interests [23]. Enthusiasm
is a key factor in educational success for both the student and the
teachers, and will depend on the meaning making process that is implied in all education [24–26]. Further, putting together a functional
education plan for a child with JNCL requires the joint efforts of different professions, including teachers, psychologists, occupational therapists and physicians [22].
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with declining functioning in core areas. A child or adolescent with JNCL
will together with parents and professionals select actions and activities
that may scaffold “learning in participation”. Optimization may include
guidance of the adults and peers in the environment, and compensation
may include special training as well as adaptation of the education and
the classroom.
3. JNCL characteristics of importance for education
It is a commonly held view that education of all students – both normally developing and disabled – should take into account the students'
strengths and limitations, as well as possibilities and barriers in the
educational environment [31].
3.1. Adaptive and special needs education
Special needs education may be deﬁned as the adoption of educational goals outside the ordinary curriculum, which imply the utilization of strategies not usually applied with the particular student's age
group. The extent to which special needs education is necessary will
depend on the physical adaptations and the educational strategies
applied within the normal curriculum, and the educational support
of the student. Note that in this deﬁnition, special needs education
will always imply a change in curriculum. If the adaptations function
to make the ordinary curriculum available to students with disabilities, this is deﬁned as “adaptive education”. For instance, learning
how to read the clock is a goal within the main stream curriculum.
This goal can be adapted by including tactile or auditory clocks and
reading quarters of an hour instead of minutes if needed. However,
learning the mobility route from the classroom to the schoolyard is
a goal within special needs education because it is not described
within the ordinary curriculum, and the student with JNCL will not
share the training with sighted students in a main stream setting.
Education for children and adolescents with JNCL usually includes
both adaptive and special needs education.
3.2. Negative progression

2.1. Selection, optimization and compensation
Growing up with a disability represents a way of life that in important ways differ from most children in the community. Children with
JNCL typically have to ﬁnd other ways to play than their peer group
and select other types of leisure time activities. Some children have
few choices for both themselves and the people who are making
adaptations to their environment. The differences between the developmental trajectories of children with JNCL and other children, with
or without disabilities, are increasing with age.
In the lifespan model of Paul and Margret Baltes [27], development is
described as processes of selection, optimization and compensation
(SOC). These processes are particularly useful for depicting development
in individuals who are losing many core abilities. Selection concerns the
individual's choice of relevant and achievable goals, while optimization
is the process of forming and maintaining the means to achieve the
goals that are selected. Compensation is the use of new strategies to
maintain functions and goals that are no longer sustainable in ordinary
ways, for example due to physical weakness and functional regression,
making it possible to delay some of the losses that may be emerging
[28,29]. A particular strength of the model is its ability to explain both
processes of growth and processes related to impairment and decreasing
abilities. It has mainly been applied to developmental processes in elderly adults, but the model is useful for describing development throughout
the lifespan, including early development and development in individuals with negatively progressing conditions [30].
The concepts of selection, optimization and compensation represent
a useful theoretical framework in the present context because they
highlight important aspects of the developmental process in individuals

A gradual reduction in the ability to learn and maintain knowledge
and skills is a deﬁning characteristic of JNCL which has consequences
for all aspects of the educational process. The teacher will have to
adjust the goals in accordance with the decline in functions, while
giving the student challenges that are appropriate and meaningful
for him or her in their present cognitive, linguistic and motivational
state [16,18,22].
There are considerable individual differences in cognitive functioning between children with JNCL [19,21], and the disease appears
to have a more severe course in girls than in boys [32]. One consequence of the negative progression in abilities and the increasing
gap between the learning potential of the student with JNCL and the
peer group is a growing need for special education through the school
years [16,18]. The unavoidable decline in the functioning of students
with JNCL is a challenge to the ordinary teacher role, and may represent
a considerable strain on the school–home collaboration [16,18,22].
3.3. Vision
The ﬁrst symptom of JNCL is typically visual loss due to retinal
degeneration at 4–10 years of age [33–35]. The children see normally
in the early years, and then show decreasing visual acuity and reduced
luminance and chromatic contrast sensitivity. They often have large
central retinal visual ﬁeld defects (scotoma), and may compensate this
by using para-foveal or para-macular ﬁxation techniques [17,33,34].
This means that the child uses part of the peripheral visual ﬁeld rather
than the central part, for example by ﬁxating above, below or next to
the natural foveal ﬁxation point [17].
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There is a considerable individual variation in the visual deterioration among children with JNCL which is important in the educational
setting [36]. The children can usually utilize their vision actively for
orientation and in leisure activities in the early school years, and
many can use their residual vision effectively for learning and reading
purposes until the age of 9–10 years, in some cases even longer [17].
3.4. Motor skills
Most individuals with JNCL will gradually become motor impaired,
and problems with motor function usually become apparent at
14–15 years [20,37]. It is especially the reduction in ﬁne motor skills
that inﬂuences classroom activities. One consequence of motor coordination problems is that more attentional and other cognitive resources
are used on motor performance, which leaves less to problem solving.
Studies have shown that motor activity which requires attentional or
other cognitive resources may inﬂuence problem solving in normally
developing children [38]. A Norwegian study investigated blind students' ability to orient themselves with white cane techniques while
they were paying attention to their own movements at the same time.
The orientation performance was reduced because the movements
had not been automatized, which would have reduced the requirement
for allocating cognitive resources for monitoring of the movements [39].
It is part of the functional decline in JNCL that earlier automatized
actions will gradually require more conscious effort and cognitive resources, and hence reduce the cognitive resources that can be allocated
to other tasks. Moreover, some skills that may have to be performed in
different ways will require new learning and more cognitive resources.
Problems related to cognitive economy may also explain why cognitive
assessment has been found to discriminate better between individuals
with milder than more severe degrees of motor impairment [19].
There is no absolute relationship between motor impairment and
cognitive decline in JNCL. When motor skills are more affected than cognitive skills, a student with JNCL may know what he or she wants to do
but be unable to do it. In order to promote active involvement as long as
possible, favored activities should be physically adapted or given a
slightly different content. For example, a child may be able to do creative art work if the building blocks are larger, or the focus may be directed from swimming activities to alternative bathing activities such as
water play [18]. A reduction in ﬁne motor skills may inﬂuence Braille
reading and make it necessary to change to reading with auditory technology [12,18].
Movement is more than getting from one place to another. The
development of self-propelled movement is an important psychological
milestone that positively inﬂuences the child's relational and emotional
life in general [40]. Deterioration of this ability is therefore likely to have
a negative inﬂuence on development. In childhood and adolescence
gross motor skills may inﬂuence the range of educational and other
experiences of students with JNCL, as well as social participation with
peers and others, and physical well-being [18]. Many activities may
have to be adapted or replaced in order to maintain social interaction
with the classmates and other peers.
3.5. Cognition and language
Problems in cognition and language are sometimes apparent before
the visual problems have become notable, but the cognitive decline is
usually slow during childhood [41,42]. Some of the reduction observed
in intelligence quotients (IQ) will be due to the lack of new learning
(especially in the early phases), while some will reﬂect a loss of earlier
acquired knowledge. Seizures are present in most individuals with
JNCL, and EEG tends to deteriorate slowly as the illness progresses
[43]. On the average, learning difﬁculties become apparent at the age
of 8–9 years, epilepsy at 10–11 years, and speech and language problems at 12–13 years [20]. Lamminranta and associates [44] found that
in ﬁve years from age six to ten years, the average verbal IQ on the

Wechsler Intelligence Scales for Children (WISC) decreased from 88 to
72, but there were considerable individual differences. Because cognitive assessment of blind children typically is based on verbal scales, it
may be difﬁcult to distinguish cognitive from linguistic abilities [45].
3.5.1. Memory
Memory represents the preservation of events that took place a
shorter or longer time ago, often many years. Memory is about the
individual's past experience and history, but remembering events
makes it also to some extent possible to predict the future, thereby
creating continuity between past, present and future. Speech, writing
and other cultural tools also make it possible to organize and store
knowledge in ways that exceed the memory of the individual. Memory is an essential element in all learning, and signiﬁcant decline of
memory and one more cognitive area is a deﬁning characteristic of
dementia [11].
Working memory is a system that individuals utilize when they
try to remember something in a short time or are working with a
problem, as when children are looking for a piece that ﬁts into the
puzzle. It has limited storage and processing capacity; the content is
what the person is aware of, and it is quickly reduced – in a matter
of seconds – if it is not refreshed. Working memory is important for
learning. It processes information from the outside world and from
long-term memory, and helps to bind together new information and
what is already stored [46,47].
Children with JNCL seem to develop particular deﬁcits in working
memory which limit their ability to learn new things [16]. On the
average, children with JNCL score lower on Digit span than the
other verbal subscales of the WISC-R [19,44]. Working memory is assumed to be important for the acquisition of language and of reading
and writing [48,49], and reduced working memory capacity has been
suggested to make reading acquisition difﬁcult for students with JNCL
[14]. Also children with Duchenne Motor Disorder (DMD) show
impairment of working memory but their problems are speciﬁcally
related to verbal material [50]. Although both conditions are characterized by severe deterioration and premature death, cognitive development is different in DMD and JNCL.
Long-term memory includes storage of both short and long duration, and it is considered to have unlimited capacity. However, usage
of what is stored depends on an ability to retrieve information when
needed. Moreover, long-term memory is divided into systems with
somewhat different functions. Procedural memory is about how something is done, and comprises a variety of skills, including the ability to
form habits and learn skills. Declarative memory includes everything
that can be expressed explicitly or be “declared” as an image or a statement, objects, persons, names, places, events, and so on [51,52]. Episodic
memory is the personal part of declarative memory, the individual's life
story [53].
The long-term memory of students with JNCL is supposed to
remain relatively intact [16] and may thus be a resource in their education. Similar to people with other degenerative diseases affecting
learning and memory (e.g., Alzheimer disease), individuals with
JNCL appear to retain distant events better than memories of more
recent events. They seem to preserve many aspects of what they have
experienced and learned, and may recognize songs and events they
are being told about [54]. This may be possible to utilize in many classroom activities. However, memories may represent static or slowly
deteriorating knowledge rather than a learning ability that can be
applied to new tasks.
3.5.2. Language and communication
In most individuals with JNCL, language and communication skills
will deteriorate, but the deterioration will not always follow the same
course and speed of progression. There are large individual differences,
with some individuals showing the ﬁrst signs of language problems in
the early school age, others may not show such difﬁculties until well
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into their teens. In rare cases, the speech disappears completely but
poor intelligibility due to articulatory apraxia is a more common problem than a total lack of speech [45,54]. There are very few detailed
descriptions of language and language change in individuals with
JNCL. Some of the changes that have been observed are increased
dysﬂuency and a greater prevalence of omissions of inﬂections at the
end of the word, splitting of words, word-ﬁnding problems, incorrect
or idiosyncratic use of words without showing awareness of it, odd constructions like “conﬁrmation ingredients” and “world champion dancing dress”, syntactic errors and problems initiating conversations
[41,45,55].
The problems students with JNCL experience in learning are probably a result of an interaction between cognitive disorders, speech and
language disorders, and contextual difﬁculties caused by the visual
impairment. The language problems may be related to the impairments
observed in working memory functions in individuals with JNCL, as
reduced function in the working memory is considered a core factor
in developmental language disorders [56]. Their cognitive problems
may also lead to difﬁculties in perceiving situational cues that contribute to activate relevant words. Word ﬁnding problems are common in
language disorders [57,58]. For some people with the JNCL, word ﬁnding problems may be most apparent, while dysﬂuency of speech is the
greatest problem for others. As the stuttering or cluttering progresses,
the speech may become unintelligible even to those who know the person well [45,54].
Also language comprehension deteriorates, but there is usually a
considerable gap between comprehension and expression of speech,
which may make communication aids an important tool in intervention [59,60]. In fact, vocabulary may continue to increase when other
cognitive functions have started to decline [19]. Both comprehension and production seem to be inﬂuenced by the familiarity of the
situation, and as the disease progresses, the individual's comprehension becomes increasingly dependent on being in a situation
that is familiar and does not contain too many disturbing elements
[18]. This means that it is important that the classroom represents
a stable environment and that teaching is appropriately situated. The
cognitive problems may lead to fragmented experiences, which in
turn may make language comprehension fragmented and lacking in
coherence.
The written language represents a problematic area. Some children with JNCL have been observed to write short sentences, have
a tendency to just list subjects, show an increase in the use of
“also”, use “I” and “me”, and never “we” and “us”, split words without hyphens, and have new problems with spelling, for example
beginning to confuse single and double consonants in words that
were mastered before. However, some individuals may be able to
use written language after their speech has become unintelligible
[61].
For blind people, proximal social interaction is mainly based on language use. Many children with JNCL are rather talkative, and may experience comfort from conversations about past experiences [16]. In spite
of the children's language problems, language is important for their
social closeness and well-being.
There have been some attempts to improve expressive communication through traditional speech therapy [62,63]. It has also been shown
that for individuals with JNCL who use words and word combinations in
an idiosyncratic manner, personal dictionaries that describe the idiosyncratic meanings and contextual relations may make it possible for
them to maintain a higher level of communication. The deterioration
of communication and language skills is a major source of frustration
and despair, and may be an important cause for the behavior problems
sometimes seen in individuals with JNCL. In spite of this, clinical rating
scales and recommendations for care in the later phases of JNCL do not
include language and communication competence. The promotion of
communication and language should always be an important target in
the curriculum.
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4. Education
The education of children and adolescents with JNCL will depend
on the knowledge of the educational system, as well as at the general
traditions in mainstream and special education. There are schools and
institutions with considerable experience in working with this group,
and some of these have published guidelines for teachers based on
general clinical experience [12,18]. There are few studies based on
systematic observations, and besides a few case studies there are
hardly any studies about the efﬁcacy of the educational practices [22].
The two foundations of education is the choice of educational goals
and the adaptations. The teaching and learning activity should be
adapted to avoid problems and utilize strengths. This may for example
mean giving immediate clues that does not tax working memory, and
a short time between instruction and performance.
As individuals with JNCL get older, the focus changes from increasing knowledge and acquiring new competence to maintaining already
established skills. Evidence from other diagnostic groups suggests that
dementia makes learning more difﬁcult, but not impossible [64–67].
Learning requires more time, efforts, assistance and adaptation. There
is evidence that systematic educational efforts may slow down the effects of dementia in elderly people, for example by giving them practical
tasks that require skills that are manageable for them [68]. Studies have
shown that people with memory impairment may remain more independent and maintain better performance of everyday tasks through
20 minute daily reading [68]. Similar strategies may be attempted
with children and adolescents with JNCL, for example by applying
objects and sound recordings that activates memories in the student
[69,70].
When knowledge and skills are reduced, children and adolescents
with JNCL become gradually more dependent on the surroundings,
require more assistance and support in everyday tasks, and although
they may have helpers around most of the time, participation in society
may become sparse. In order for education to promote participation, it
should be considered what forms of participation that are possible
with compensatory measures. With this form of selection [27], educational activities are chosen with regard to whether they support participation in meaningful activities [18,71]. The result may be different from
focusing on skills and knowledge only.
Research also suggests that social settings are most efﬁcient for learning. Humans are social beings and teaching may function best when several individuals work together [72]. Collaborative learning has also
shown positive results [73]. Inclusive education will often establish
good social settings, especially when the schoolmates know the student
with JNCL before the symptoms became apparent. They may include
morning gatherings, teamwork, breaks, and practical-esthetic subjects
such as woodwork and music. Research indicates that mental activities
like attending music, help to orientation and refreshing memories
improve cognition and mood in people with dementia and delay the fading of memories [74–76].
4.1. Planning the education
The individual education plan represents an important tool for
planning education for students with JNCL and other disabilities
[77]. Such plans may vary considerably but they usually include an
overview of the student's earlier educational activities and how they
functioned, of current educational activities, and of activities that
are likely to be implemented within a shorter or longer time horizon.
The individual education plan should be made as soon as possible
after a child has been diagnosed. There is no reason to wait, even if
the situation is challenging for the parents. Working with the plan
will give them a focus and possibilities for discussing positive actions
in a situation that otherwise may be overwhelming. The education
plan will ensure that the equipment needed in the education is
ordered and gives motivation and direction to teaching and learning.
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Parents of children with JNCL will always have a central role in the
education planning, and the quality of the parent–school relationship
may be decisive for the child's or adolescent's education and well-being
[78,79]. Communication and exchange of ideas and knowledge with the
parents should therefore always have a high priority in education planning for students with JNCL.
Even if JNCL represents a severe dementia disease, the individual
education plan should focus on how selection and compensation may
support learning, rather on decline that will be coming. It should specify
possible developments that may enable personal development, and
how one may meet potential barriers that the disease may create. This
means that the individual education plan will have a preventive
function.
4.2. Assessment
For all children with disabilities, the outcome of the educational process is uncertain. Even standards for typical development within diagnostic groups tend to be lacking (but see [80,81]). In order to support
selection, optimization and compensation in relation to the student's
goals, it is necessary to have sufﬁcient knowledge about the student's
strengths, weaknesses, needs, interests and wishes. The differences
between various areas of development make a broad assessment necessary, avoiding for example drawing conclusions about cognition on the
basis of motor ability [19]. They also underline the role of sensitive
teaching as part of a continuous assessment and the need for educational adaptation. Parents are also an important source of information.
Other sources of information are ordinary assessment, observations
and documentation of the earlier education, as well as computerized
approaches [82].
In Norway, the visual functioning of children with JNCL is assessed as
soon as the diagnosis is conﬁrmed. This is an assessment, in which acuity levels for distance and near, degrees of para-foveal or para-macular
viewing, levels of luminance contrast sensitivity, visual orientation
skills, lighting needs and magniﬁcation needs during reading are
recorded [18,83].
For education purposes, there is a need for regular assessment of the
visual functioning of students with JNCL. These do not have to be
advanced evaluations of visual functions in an eye clinic, as this might
direct the student's attention to his or her loss of vision. It is sufﬁcient
that the teacher, with the support of vision specialists, observes the
child in different activities, evaluates functions and needs, and make
the necessary adaptations in the environment or in the educational
means or strategies, without making too much fuss about it.
4.3. Selecting educational goals
Selection of goals is a core element of making an individual education plan. The plan deﬁnes which areas of learning that are giving priority, and which areas that are lower on the list. Selecting goals means to
select activities. For example, tactile learning becomes more important
when the sight disappears, and the plan should identify activities where
the student can use the hands for exploration and creation. Change of
school and other transitions are always important elements in the
plan. The short-term plans are more detailed than those that are farther
away in time. In addition to giving priority to some activities over
others, individual education plans contain strategies for optimizing
the fulﬁllment of the educational goal, as well as a list of possible compensatory measures. Because the actual course of learning (and of the
disease) in an individual with JNCL is not known beforehand, it is necessary that the plan contains a variety of measures that the teacher can
choose from when it becomes clear how the student's learning proceeds. It is crucial that the current and future teaching needs of the
individual and the individual education plan are in harmony.
The goals speciﬁed in the individual education plan for a student
with JNCL have to be realistic and achievable, concrete and well

described [18]. If goals are too generally formulated, teachers who
have limited experience with JNCL may not be able to create functional activities from the goals. At the same time, it is important to
describe goals that are dynamic and adjustable, allowing a diversity of
developmental paths. Dynamic goals may imply re-selection and compensation. When considering goals, the time it takes for the student to
perform an activity or learn something will become more and more important with age. This raises the questions of what is necessary to learn,
how the knowledge is going to be is used, and how the achieved skills
can be applied in everyday life. For example, as the disease progresses,
there may be fewer traditional academic activities and activities of
daily living gradually may become a larger part of the curriculum, including going to the canteen and “boring” activities like dressing and
undressing [16]. It is an overall aim that the student remains as independent as possible in such activities, even if they take a disproportionate amount of time. When a student does not achieve or maintain
academic goals because of the course of the disease, this should not be
perceived as failure, because the activity implied in the attempt may
have been positive for the student and this may be more important
than the ﬁnal achievement [84].
The individual education plan is a tool for ensuring an appropriate
amount of cognitive and physical activity. Experiences from New
Zealand and Norway suggest that the individual education plans for
students with JNCL tend to have a large proportion of goals related to
entertainment and enjoyment, and rather few related to the promotion
of learning [18,22]. Moreover, although the student may have an
increasing need for rest, overestimating this need may lead to an unnecessary increase in segregated time during school hours [18]. An unbalance between activity and rest may also imply an unbalance between
social involvement and isolation. The main focus of the individual education plan should be activity and involvement, not rest, and a sensitive
teacher should cater for rest on a day-to-day basis when needed.
4.4. The student as the center of a system
The individual education plan will always include structure and
organization, describing the arrangements and adaptations of the
classroom, the teaching and the diverse everyday situations at school
according to the student's level of functioning [18]. However, the
description of organizational structure should extend beyond the
student's own activity and include the whole school as both a social
and an educational system. This system includes the school's physical
and social organization. As the disease progresses, students with JNCL
will fall behind their peers in most subjects and may spend much of
their time in a smaller classroom, often shared with 2–3 students
with other disabilities. This classroom should have a location near
the rest of the class and with optimal access to other parts of the
school and for other students to visit, for example allowing classmates and other peers to visit it easily in breaks.
Some students with JNCL have a strong need for predictability.
They are vulnerable to unexpected changes in the activities of the
day schedule, staff and the rhythm of the school as a whole [18].
The individual education plan should specify such needs, as well as
how the school as a whole will adapt to these needs.
Teachers of students with JNCL will usually experience that many
aspects of their teaching take more time compared to the past, in
particular the teaching of new skills. Also established educational
activities may gradually take longer time [18]. This does not mean
that these activities should be abandoned immediately, although
this may be necessary later. The focus should rather be on how certain forms of compensation may decrease the time usage without
losing active participation. It is also important that the teacher
takes into account that activities that take more time also require
more effort.
Good educational practice is based on teachers having appropriate
expectations to the student and seeing the possibilities which may
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require commitment and initiatives from the teacher or assistant.
Participation stopped because of inactivity may pose a severe threat
for students with JNCL. Over time they may lose the ability to inﬂuence their situation. This represents an important educational and
ethical dilemma [85,86]. The aim is that participation should lead to
activity, learning and maintenance. Reducing participation will
also reduce the most common bases for learning and stimulation.
Maintaining educational and social participation should be the ﬁrst
working rule for a teacher who becomes responsible for the education
of a child with JNCL.
5. Educational phases
The education of students with JNCL will go through phases where
the student will have gradually lower vision and abilities to learn. In
positive terms of what the student is able to do, these phases may
be considered as “learning windows” and hence opportunities for
teaching particular skills. The development of educational strategies
will be from utilizing the residual vision of the student to having to
rely on auditory and tactile means [18].
5.1. The early school years
In the early school years, the cognitive problems of students with
JNCL may not be very pronounced, and they may be able to follow
some of the ordinary curriculum [18,20]. There is a gradual deterioration of visual functioning but in the ﬁrst 1–3 school years it is usually
possible to use visual teaching strategies. Importantly, in this phase,
the student may learn skills like using a knife and fork and tying the
shoe laces through visual observation. From an educational perspective, it is a strength that students with JNCL have had normal eyesight
for some years and are able to “think” visually. For instance the student will be able to associate visual experiences with later tactile or
auditory stimuli. The residual sight may also be utilized to optimize
learning of mathematics and many other complex academic skills as
this may be easier for the student to grasp with the use of the visual
sense [18]. This means that teachers should facilitate visual learning
as long as it is possible, and monitor the student's visual functioning
carefully in order to know when it is necessary to introduce strategies
based on other modalities.
Experience shows that much of what is learned in this period may
be maintained for a considerable length of time. The selection of early
educational goals are therefore of particular signiﬁcance. Some skills
are “pivotal” in the sense that they lie a foundation for later learning
and functioning, for example spatial orienting without sight and reading. Such skills should be given priority.
5.1.1. Mobility and orientation
All children need strategies for orienting themselves and moving
around. Children with severe visual impairment will have to learn
to use tactile/haptic and auditory landmarks and guidelines when
orienting, sometimes with the help of assistive technology [87]. Adaptation of the environment will also imply having a relatively stable physical environment, allowing the child to use established knowledge
about the environment and build up a cognitive map of non-visual
cues [88–90].
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It has been suggested that deﬁcits in working memory make it difﬁcult or impossible for children with JNCL to learn to read [14]. However,
this view is not supported by research which indicates that many students with JNCL beneﬁt from active reading with Braille [21,94]. In the
years 1995 to 2011, records show that 23 of the 39 students with JNCL
in Norway could read and write Braille. Seven of the children used a
Braille keyboard only for writing and one child wrote touch on an ordinary keyboard. Eight students were unable to read visually or tactually,
and accessed text with devices with synthetic speech output (personal
communication Mohammed Beghdadi, 2012). Independent of mode, it
is important that all children with JNCL are given opportunity to experience reading in one way or another [18]. Implementation of reading
may both utilize existing interests and contribute to creating new interests, like in the case below.
Peter was diagnosed with JNCL when he was in the second grade. After
the diagnosis, the school had visits from a visual resource centre about
three times a year. An additional teacher was allocated to the class. One
of the early measures was to arrange a Braille course for Peter's teachers
and family. A little later, the other children in the class were also introduced to Braille. In the beginning of the third grade, Braille training had
become part of Peter's schedule. Together with his father, Peter wrote
small histories about Tintin, Lego, Harry Potter, Robinson Crusoe, Star
wars, Saturn and places the family had visited in Braille, which became
part his ABC.
[[95]]
Technical solutions contribute to making adaptation ﬂexible [87]. If
the students' visual functioning allows identiﬁcation of letters, words
or pictures, they are provided with magniﬁcation systems like reading
television systems or computerized systems. Some textbooks have
large print that allows reading without magnifying systems. The teacher
can print books in different font sizes and thus change easily from one
book to another when the visual function deteriorates. This may allow
children with JNCL to read at home without technical support, in the
same way as their sighted peers.
Some children with reduced vision like to vary between different
ways of accessing text while they are still having the visual means to
do so [93]. However, starting with Braille exercises while they can still
use their residual vision may be problematic to accept for children
with JNCL and their parents. The children's motivation for learning
Braille may be low as long as their vision functions adequately and it
is most important that they learn the phoneme-grapheme correspondence – the reading code – and this may be done visually, with or without enlarging equipment. On the other hand, early learning of Braille
reading may be important as the emerging decline in cognitive impairment may cause both perceptual and learning problems later in life. In
inclusive settings, one may approach this by introducing all the children
in the class to Braille. The earlier different techniques for reading are
acquired, the better the prospects are for using alternative “learning
modes” later. This is also the idea underlying the design of “Sarepta”, a
multimedia computer program for communication and learning
which may be introduced early because it may be useful for all blind
students. Sarepta may be used also when motor and cognitive skills
are more limited [96,97].
5.2. The later school years

5.1.2. Reading and writing
Reading – text access – can be visual, tactile (Braille) or auditory
with the use of text-to-speech, that is, the text is read aloud with synthetic speech [87]. Studies show that many individuals with visual
impairment combine ordinary print, Braille and auditory text access
[91–93]. Also students with JNCL may be utilizing all three modalities
for accessing text in a relatively short period of time, typically from
second to fourth grade. During this period there is usually a shift
from primarily visual to tactile and auditory text access.

In the later school years, the need for regular activity re-selections and
re-schedule of the school day is likely to increase. It will be important to
ensure that the activities are interesting and positively challenging [18].
In secondary school, children with JNCL often develop the need for a
clear structure in the teaching situations [18]. “Structuring” may be
deﬁned as a sequential organization of activities and tasks, and is an important feature of interventions for people with intellectual disability,
dementia and other forms of cognitive deﬁcits. A structured school
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situation may enable students with JNCL to gain overview and some
control over their school day, while more improvised school days without a clear structure may lead to more confusion and more ﬂuctuations
in mood. The use of tactile or auditory daily and weekly plans will make
it easier to build an understanding of the school day and week [18].
As the students get older, although the course of the disease varies,
maintaining skills usually becomes a major focus [18]. Maintenance
can be enhanced through repetitions with some variety, and the students' knowledge about their personal experiences may be maintained
through frequent memory refreshments or “reminiscence therapy”
[98]. The education plan will need to specify learning goals and maintenance goals, and how these can be achieved, for example how often repetitions and refreshments of distant and recent events should be
initiated by the teacher.
5.3. Transitions
Education undergoes major transitions approximately every third
year. In most countries, the four major transitions in an ordinary school
career are from preschool to school (primary school), from grade six to
grade seven (starting lower secondary school), from grade 10 to grade
11 (entering upper secondary school), and from grade 13 to university
college or a job. These transitions usually involve change of teachers,
locations, classmates and support services. Some changes may also
imply new rights to special education services.
Transitions may be less pronounced when students attend special
schools which tend to cover the full school range, and sometimes also
preschool. In Norway and many other countries, children with visual
impairments attend ordinary schools, although they may spend a
considerable part of the time in smaller group settings. Because of
the need for continuous educational adaptation, transitions for students with JNCL may be complex and end up in chaos if not well
planned [18]. There is a risk of these students' educational life “taking
a longer break” caused by lack of planning, or that the students will
meet a misunderstood form for caretaking without an educational
focus or learning goals. It is therefore necessary that these students
have a transition plan included in their individual education plan.
The main objective of transition plans is to achieve the best possible
educational ﬂow, and prepare the next school for meeting the student
with JNCL in the best possible manner [18]. It is usually attempted to
make “soft” transitions, where the student’s current school somehow
intertwines with the next school. Important aspects of transition plans
are to secure the long-term goals, enable new planners in charge of education to see the longer lines, and to prevent unnecessary discontinuity.
Transition plans normally have a wider perspective than educational
plans because they also consider life outside school.
6. Some educational strategies
There is still a dearth of knowledge about the education of children and adolescents with JNCL. There is a need to develop new strategies and to gain systematic experience with the use of already
established and new strategies, in order to make better selections,
optimize methods for reaching educational goals, and developing
new ways to compensate functions that slowly are deteriorating.

player was gently and gradually transferred to other club tasks, such
as administrating materials and supporting players with services.
Frank's big interest for football was used to motivate him to learn
to read and write Braille and use computers. Over time Frank became
a rather capable writer and user of computers, which was followed
up in secondary school. When his school started a popular electronic
newspaper that was published on Internet twice a month, Frank
started a career as a sports journalist. His work included interviews
with football celebrities, analyses of different teams, and reports from
matches. He was also given the opportunity to act as a sports journalist after completing secondary school, and this became his adapted
job. He was assisted by a full-time employed helper and his parents
helped him fulﬁl the assignments. With this help, it was possible for
him to visit football matches and players, and to write the interviews
and other experiences on the computer. Frank gradually lost the ability to speak and to write, but with assistance from the helpers, it was
still possible to engage him in work with the electronic paper. Frank
was involved in planning whom to interview, what matches to visit,
and how to evaluate different events. He typed the reports from such
events together with his helpers. Frank's early interest for soccer
enriched his life, and functioned as a gateway for learning.
Projects may incorporate theoretical and practical tasks that facilitate learning, for example of mathematics, foreign languages, science, the use of computers and history. The structure of the project
may support communication and collaboration, as well as independence, for example by investigating what tasks one student can do
alone, and what tasks that require collaborative efforts. This means
that projects may also include social and inclusive goals, where the
student collaborates with one or a group of classmates.
Teacher experience indicates that the project format may be an
effective educational tool. The project is based on the student's interest and he or she usually focuses with enthusiasm on the project goal,
while the teacher uses the process to promote the learning goals that
have been selected for the student. There is however a risk that the
motivational basis of a project might make the teacher more oriented
towards entertainment than teaching. In order to avoid this, the
teacher should design a project plan that describes the speciﬁc learning goals, and how these goals will be achieved through the teaching
in the project.
6.2. Utilize prior visual experience
Children with JNCL show normal visual development and grow up
with visual experiences in the ﬁrst years of life. It is important to utilize these experiences when the student's learning depends primarily
on other senses than vision, and to refresh the memories of visual
conceptual knowledge. This may be done by talking about visual
and non-visual qualities of things and events in a constructive and
“conceptual” manner, “translating” from the visual to other modalities, relating qualities to each other and constructing new ideas on
the basis of combinations and expansions. This can be done in a number of ways, for instance by starting early using the multi-media programs (see Section 6.7).
6.3. Facilitate exploration

6.1. Use project work as educational strategy
The project method implies selecting a topic and building different
forms of learning around the selected topic. This approach has been
successful with students with JNCL [18]. The selection of topic will
be based on the student's motivation and interests, for example an
interest in rocks, popular music or, like in this case, football.
Frank was an enthusiastic football player and a member of the local
team in primary school. When his sight began to fail, his role as a

Exploration learning involves thematic integrated-subject instruction and active participation in a project-based authentic learning
process [99]. The real community is used for learning through play,
theme immersion, activity-based learning and related philosophies
to structure an environment that allows students to learn through
their own discoveries.
Exploration also implies the use of established knowledge, combining it with new knowledge and other forms of established knowledge.
For students with JNCL, exploration may function as an activation of
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prior knowledge and thereby refresh their memories of earlier experiences. This may range from identifying simple tactual or auditory sensations to investigating whole or parts of complex events, which the
teacher may help to integrate.
6.4. Maintain active participation in learning
This reﬂect Dewey's slogan “learning by doing” [100], adding a
social context. Teaching and learning are complementary processes
of an essentially social nature. Activity may in itself promote learning.
Participation in educational activities with others will support learning. To be present in a situation means that there will be a potential
for learning as opposed to a situation “without presence”. There is a
considerable risk that the lack of action by many students with JNCL
will result in “no-presence” situations, because the inactivity may be
perceived as having little meaning by the teacher. It is part of the
teacher's job to create engagement, but the teacher may need support
to perceive the student's potential to be engaged in the situation. Otherwise the result may be more inactivity and less learning [18].
6.5. Refresh memories
Refreshment of memories is the repetition of earlier experienced
events or presentation of objects or story elements related to the
event [101]. Research shows that refreshing memories by activating
and elaborating old memories may improve cognition and mood in
people with dementia and delay the fading of memories [98,102].
Memories may be refreshed by reviewing events and supporting
self-activation of memories, that is, by giving clues that activate certain memories [103]. This may be through conversation about the
past combined with old cues, that is, natural sounds, songs, voices,
speech and objects that are well-known from the past of the person.
They may also be refreshed by telling the student histories that they
ﬁnish or at least acknowledge during the story telling. Active registration of memories may therefore be an effective strategy when teaching new facts and skills [96]. It is therefore important that teachers
search for and register the student's knowledge.
6.6. Support communication
Communication is a prerequisite for education, the teacher's
teaching and guidance of the students' active or passive learning process are dependent on the communication processes. Good communicative strategies in education may be essential for overcoming the
student's comprehension and production problems. This strategy
also builds on studies that show that receptive vocabulary may continue to expand when other cognitive skills have started to decline
[19]. Although complex utterances may be difﬁcult to comprehend for
students with JNCL, using language to provide information may help
the students orient themselves, and thereby inﬂuence the whole educational situation.
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When the student with JNCL needs auditory and tactual access to
text and exploration, this may be introduced together with the
Sarepta program [104]. This program (formerly called “Structure”)
consists of 15 modules which are operated with the function keys
on a standard keyboard or with switches, depending on the student's
motor functioning. All modules have speech synthesis, but can also
store digitized speech and other sounds. For instance, recordings of
the student's voice and interesting events can be stored and used in
different modules. Most of these modules may be applied together
or independently of each other. The teacher may use Sarepta to create
modules with different contents and functionalities, including various
projects and assignments for the student. He may for example
create a project where the student learn about wild animals, using
text, audio recordings of animal sounds, drawings, animations and
video [18,104].
The overall objective of Sarepta is to give children and adolescents
with JNCL an accessible tool for collaboration, learning, communication and pleasure. The teachers and parents will regularly ﬁll Sarepta
with content that is relevant for the student's abilities and life
situation, including general academic and practical information, as
well as activities of interest to and events experienced by the student.
Moreover, the parents, teachers and staff can later rediscover the
stored sequences and fragments from the student's life in the form
of multimedia text, sound recordings, photographs, video clips and
storytelling [18,97].
Sarepta has become a much used tool in education and social interaction with children and adolescents with JNCL in the Nordic countries. In a Norwegian survey of 40 individuals with JNCL, twenty-one
used Sarepta on a regular, more or less daily basis, and most of the
others had used it at an earlier time [105]. In the age group below
ten years, two of the four students used the program, while 14 of
the 21 students aged 10–19 years used the program. In the group
above 20 years, ﬁve of the 15 adults used the program. The text module was the most used by all 21 users of the program, followed by the
picture and play modules (18 users). The high utilization of the text
module may reﬂect the importance of this module of the program
in literacy activities for educational purposes and in leisure time.
The reasons for the lesser use in the adult group may be that they
had left school and therefore did not need it for educational assignments, had difﬁculties using the program due to deteriorating abilities, or lacked motivation. However, the interviews indicated that
usage of the program depended on the presence of an engaged
person. The housing staff working with the older group may not
have had this enthusiasm, lacking both computer competence,
knowledge about the program's possibilities and motivation for
learning to use the program [105].
Studies show that there is a high turnover of staff in social services, including day centers and sheltered housing [106]. For individuals with JNCL, staff changes may represent a form of transition but
relevant knowledge and experience are often not satisfactorily transferred when the staff is changing. One result may be that useful available tools are not being used.

6.7. Utilize tools that support functions
6.8. Support meaning making
There are many educational and technical tools that may be of
help, in and out of the classroom, and today, most students with disabilities are using various forms of computer-based equipment in
education. Electronic magnifying devices are used during reading,
but may also be used for studying the details of objects and pictures.
Such devices should be introduced early and be available during the
early teaching of literacy and exploration [87]. The equipment that is
used by students with visual impairment in general is often adequate
also for students with JNCL, at least in the early stages of the disease.
However, the combination of visual, motor, communicative and
cognitive declines in students with JNCL may make it difﬁcult to
ﬁnd adequate use of such equipment in the later stages.

A main functional goal of education is to promote individual
knowledge and skills that enable participation in societal life, including school, work, leisure time activities and social life in general, as
illustrated in the case history below.
Anders had an early interest in outdoor activities. The forest was of
great importance to him, his family and his friends. Anders had some
problems with learning to write and read Braille, but did well in
mathematics, social studies and practical subjects like woodwork.
He was very independent and his school made inclusion a primary
goal. The class spent many hours in the forest and Anders' home,
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where different kind of projects related to forestry, hunting, farming,
etcetera were introduced to develop his proﬁciency in mathematics,
English and biology, as well as everyday skills. Projects were for
example related to building forest cabins, farming and cutting Christmas trees. The close cooperation between the family and the school
contributed to Anders becoming a very popular fellow. When Anders
decided to join the regional forest school, an upper secondary
boarding school, the company “Gourmet ﬁrewood” was established.
Especially adapted equipment was purchased, including a cutting
machine that was controlled with a joystick which Anders could
operate himself. Anders and his best friends began to sell the ﬁrewood
in the region and the company became a commercial success. Anders
eventually had to have easier tasks than cutting the wood, but his
interest for the company remained, illustrated by this remark from
his younger sister: “Is it not possible to talk about other things than
ﬁrewood in this house?”.
Anders showed an exceptional education path for a student with
JNCL. It should be noted that his educational (and commercial) success
was also a result of open-minded and creative teachers, and a devoted
and resourceful family.
6.9. Build on intrinsic motivation
Meaningful activities are intrinsically motivating. In education it is
a common strategy to use rewards of different kinds. Such external
forms of motivation may function to keep the student in an activity
that he or she is not motivated for. However, a lack of intrinsic motivation may reﬂect that the activity is lacking in meaning for the student [107]. “Meaning” does not imply that the activity is funny or
without effort. Even traditional academic skills with high demands
can be intrinsically motivating, such as reading and writing for Mary
in the case history below.
Mary belonged to an academic family with high expectations to education and the concept of “learning for life”. Mary lost her sight rather early
and was introduced to creative writing in order to speed up the learning
of reading and writing Braille. The main idea behind creative writing is
that the students write about things that engage them. With Mary, it
was established through a close collaboration between the family and
the school. Every day, Mary was given interesting writing assignments
that were followed up at home. In a rather short time, she became an
excellent Braille reader and writer. Her ability to write turned into a
life-long devotion, there were no days without reading and writing,
and ﬁnally she became an author. She wrote her own stories, summarized long books into shorter ones, and wrote emails and letters to friends
and relatives. At the end of secondary school she was still an active writer
and reader, even if it took more time and effort than before. Her early
project on creative writing had a much bigger impact on her life than
anyone could have foreseen.
If at all possible, rather than using extrinsic rewards, teachers should
search for activities that are intrinsically motivating for the student.
6.10. Support student narratives
Using narratives in education of students with JNCL may support
their meaning making and contribute to coherence in their activities
and psychological life space [108]. Narrative is a way of thinking and
organizing especially social aspects of the world [26]. Narration may
be ﬁctional or personal, and children learn to talk about the past in general before they start making their own personal life story or narrative
[26]. Supporting ﬁctional narratives may support motivation and creativity in the classroom, and a ﬁctional narrative may be the core of a project, like in this example.

“The boy who would ﬁnd the heart” was inspired by a movie called
“Chasing the kidney stone” where the main character shrinks himself
with a chemistry set and crawls into his grandfather's mouth. Peter's
version is about a boy who wants to ﬁnd the heart in the body. He
ﬁrst told the story spontaneously on a long drive. When he later
wrote it down, the teacher asked questions about the size of the
shrunk boy, what happened when he came into the mouth, how he
came further down into the stomach, whether bile acid has colour,
whether there is a kind of music in the heart, and how the brain sends
messages in the body.
[[95]]
Sharing experiences of the past with parents and others is an
important basis for autobiographical memory. Children do this through
conversations with parents and other adults about earlier events, and
the foundation of autobiographical memory is made through internalization of such conversation [26,109]. Through childhood and adolescence,
there is increasing coherence and details in the life story [110,111].
Because students with JNCL are able to recognize or recall earlier
events, personal narratives may have a pivotal role in the educational
activities in late school age. The teacher may present cues that help
the adolescent activate earlier (episodic) memories and use them as
a basis for teaching general knowledge, building on the relations
between personal and general knowledge.
6.11. Inform instead of asking (or controlling)
When people have cognitive problems, it is usual to ask them many
questions, which implicitly may function to document that they are
demented. One core aspect of dementia is susceptibility to confusion
and reduced ability to understand what elements in the situation are
relevant for the context and the questions that are asked. Being asked
about something and failing to ﬁnd the answer is likely to increase confusion rather than reduce it. The answers to such questions may indicate that the person is more demented than is the case under better
circumstances and should therefore be avoided before a clear context
and basis for the question has been established. This means informing
the person with JNCL about the situation and the events or what kind
of information that is sought instead of asking questions. This may provide the person with the cues that are necessary for understanding the
situation and thereby increase the potential for knowing and learning.
This strategy, that also may include interpretations of events and situations, is extremely important as it may contribute to maintaining positive social interaction and a feeling of coping, and reduce confusion,
stress and frustration.
6.12. Case histories
There is little documentation of the role of education and learning
for children and adolescents with JNCL. The case histories presented
here illustrate that education may have a signiﬁcant impact on the
life situation for individuals with JNCL. Although it should be emphasized that they may not be representative for students with JNCL
in general they do demonstrate possibilities for individuals in this
group. One common factor in these histories seems to be that the persons with JNCL established strong interests early in life, interests that
could be used in education to promote the development of knowledge
and skills. The students' education was characterized by continuity,
with each school knowing and building on the work of the former
school. There was close collaboration between families, schools and
multidisciplinary teams, and the resources were provided that were
necessary for continuity in the long-term and goal-oriented education.
The important role of the parents in the present case histories cannot
be overestimated; they were the “experts” of their children and the
ﬁnal guarantors for ﬂow and continuity. All of these students started
their adult life with a rucksack and agenda full of activities, interests
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and skills. They had a personal style and image which were respected by
the people who were taking over the responsibilities for their adult life.
This means that their sheltered workplace and new home took each
individual's weaknesses, strengths and life history into account.
However, there is clearly a need for more histories about students
with JNCL with typical as well as exceptional educational paths.
7. Teaching support competence
The education of children with JNCL requires specialized and
multidisciplinary knowledge about the disease, as well as its implications for teaching and learning that most ordinary teachers and many
special teachers do not have [22]. In fact, most professionals may be totally unprepared for getting a student with a terminal disease [112]. The
stress related to observing decline in a student with JNCL may lead to
severe burnout and strong feelings of failure in teachers, and one teacher should therefore never have the sole responsibility for a student with
JNCL. Building up the teachers' competence may be the best way to cope
with the stressful situation. It is easier for teachers to manage stress
when they know what may happen and what they should do when it
does happen. An important task of a multidisciplinary JNCL team is
therefore to guide and support teachers and give them the knowledge
and skills they need.
8. The future
There has recently been a greater focus on the processes involved
in educating children and adolescents with JNCL, especially after the
ﬁrst conference on JNCL and education [113]. There appears to be
many useful approaches but there is a lack of evidence in relation to
the educational strategies that are currently in use. Case histories
represent an early phase in the scientiﬁc evidence-gathering process and this approach is still useful as there have been few
case stories about individuals with JNCL that include details about
observational assessment and interventions related to education.
In addition, there may be traditional basic research related to the
characteristics of JNCL and educational experiments, provided they
can be done in an ethically acceptable and non-intrusive manner.
This should be made by universities or in collaboration with universities in order to ensure appropriate theoretical and methodological competence.
There is still very limited knowledge about the typical learning paths
and variation within this group, indicating a need for larger observational studies. This may imply a need to develop a standard set of longitudinal observations, which could be collated in data bases, in order to
avoid self-fulﬁlling stereotypes, and more varied observations and
descriptions of atypical developmental paths should be encouraged. It
would be a natural task for national or regional competence centers
for JNCL to register and systematize educational strategies and teacher
experiences within their geographical area. International collaborative
research efforts may compare the development of students with JNCL
in different educational (e.g., segregated and inclusive) and cultural
settings.
Research priorities may be many but the central role of language
and communication in teaching and learning, and for most other
aspects of life, means that researchers may give priority to developing
evidence-based interventions that may slow the deterioration of language, compensate for unintelligible speech and maintain communication skills longer.
References
[1] J.D. Cooper, The neuronal ceroid lipofuscinoses: the same, but different? Biochem.
Soc. Trans. 38 (2010) 1448–1452.
[2] S.E. Mole, R.E. Williams, H.H. Goebel, The Neuronal Ceroid Lipofuscinosis (Batten
Disease), Oxford University Press, Oxford, 2011.

1903

[3] A. Kohlschütter, A. Schulz, Towards understanding the neuronal ceroid lipofuscinoses,
Brain Dev. 31 (2009) 499–502.
[4] R.E. Williams, S.E. Mole, New nomenclature and classiﬁcation scheme for the
neuronal ceroid lipofuscinoses, Neurology 79 (2012) 183–191.
[5] M. Haltia, H.H. Goebel, The neuronal ceroid-lipofuscinoses: a historical introduction,
Biochim. Biophys. Acta (2012), http://dx.doi.org/10.1016/j.bbadis.2012.08.012,
(Epub ahead of print).
[6] J.A. Rider, D.L. Rider, Thirty years of Batten disease research: present status and
future goals, Mol. Genet. Metab. 66 (1999) 231–233.
[7] M. Kousi, A.-E. Lehesjoki, S.E. Mole, Update of the mutation spectrum and clinical
correlations of over 360 mutations in eight genes that underlie the Neuronal
Ceroid Lipofuscinoses, Hum. Mutat. 33 (2012) 42–63.
[8] J.D. Cooper, Moving towards therapies for Juvenile Batten disease? Exp. Neurol.
211 (2008) 329–331.
[9] L. Åberg, L. Lauronen, J. Hämäläinen, S.E. Mole, T. Autti, A 30 year follow-up of a
Neuronal Ceroid Lipofuscinosis patient with mutations in CLN3 and protracted
disease course, Pediatr. Neurol. 40 (2009) 134–137.
[10] C. Stengel, Beretning om et mærkeligt Sygdomstilfælde hos ﬁre Søskende i
Nærheden af Røraas (The history of a strange case of disease in four siblings
near to Røros), Eyr (Christiania) 1 (1826) 347–352.
[11] M.R. Schoenberg, J.G. Scott, Cognitive decline in childhood or young adulthood,
in: M.R. Schoenberg, J.G. Scott (Eds.), The Little Black Book of Neuropsychology:
A Syndrome-Based Approach, 2011, pp. 839–861.
[12] W. Bills, Teach and Be Taught, Batten Disease Support and Research Association,
Reynoldburg, Ohio, 2011. (Downloaded from http://www.bdsra.org/programsservices/bdsra-publications/on June 1st 2012).
[13] M.L. Bäckman, P.R. Santavuori, L.E. Åberg, E.T. Aronen, Psychiatric symptoms of
children and adolescents with juvenile neuronal ceroid lipofuscinosis, J. Intellect.
Disabil. Res. 49 (2005) 25–32.
[14] H.C. Lou, K.A. Kristensen, A clinical and psychological investigation into juvenile
amaurotic idiocy in Denmark, Dev. Med. Child Neurol. 15 (1973) 313–323.
[15] A. Mostad, in: S.M. Sydnes (Ed.), NCL: Forståelse og behandling, (NCL: Understanding
and Treatment), Syn, Huseby and Tambartun National Resource Centre for the
Visually Impaired, Oslo and Melhus, Norway, 2005, pp. 104–124.
[16] G.W. van Delden, Education for children with Batten disease, Presented at 7th
European Conference of ICEVI, Dublin, Ireland, 2009.
[17] L.B. Augestad, P. Fosse, J. Diderichsen, Symptomatisk behandling av pasienter med
barndomsformer av Nevronal Ceroid Lipofuscinose (NCL) (Symptom management
of patients with the juvenile form of NCL), Tidsskrift for Norsk Psykologforening 45
(2008) 33–38.
[18] B. Elmerskog, in: P. Fosse (Ed.), Lære for livet. En innføring i pedagogikk og læring ved
Juvenil Nevronal Ceroid Lipofuscinose (JNCL), (Learning for Life. An Introduction
to Education and Learning in Juvenile Neuronal Ceroid Lipofuscinosis [JNCL]),
Akademika forlag, Trondheim, 2012.
[19] H.R. Adams, J. Kwon, F.J. Marshall, E.A. de Blieck, D.A. Pearce, J.W. Mink,
Neuropsychological symptoms of juvenile-onset Batten disease: experiences
from two studies, J. Child Neurol. 22 (2007) 621–627.
[20] P. Uvebrant, The interaction between neurology and education in juvenile Batten
disease, in: S. von Tetzchner (Ed.), Proceedings of the First International Education
Conference on Batten Disease, Swedish Institute for Special Needs Education,
Örebro, Sweden, 2006, pp. 95–97.
[21] L. Åberg, Juvenile Neuronal Ceroid Lipofuscinosis: Brain-related symptoms and
their treatment, Academic Dissertation, University of Helsinki, 2001.
[22] L.A. Williams, Students ﬁrst: A trans-disciplinary team approach to the education of
a student with Battens disease. A dissertation submitted in partial fulﬁllment of the
requirements for the Degree of Master of Teaching and Learning in the University
of Canterbury by University of Canterbury, 2008. Retrieved from Internet July
10th 2012. http://ir.canterbury.ac.nz/bitstream/10092/2647/1/Thesis_fulltext.pdf.
[23] C. Norris, A. Closs, Child and parent relationships with teachers in schools
responsible for the education of children with serious medical conditions, Br. J.
Spec. Educ. 26 (1999) 29–33.
[24] J. Bruner, Acts of Meaning, Harvard University Press, London, 1990.
[25] G.W. van Delden, Education for MDVI children, Presented at 7th European Conference
of ICEVI, Dublin, Ireland, 2009.
[26] K. Nelson, Young Minds in Social Worlds: Experience, Meaning and Memory,
Harvard University Press, Cambridge, Massachusetts, 2007.
[27] P.B. Baltes, M.M. Baltes, Psychological perspectives on successful aging: the
model of selective optimization with compensation, in: P.B. Baltes, M.M. Baltes
(Eds.), Successful Aging: Perspectives from the Behavioral Sciences, Cambridge
University Press, Cambridge, 1990, pp. 1–34.
[28] P.B. Baltes, Theoretical propositions of life-span developmental psychology: on
the dynamics between growth and decline, Dev. Psychol. 23 (1987) 611–626.
[29] P.B. Baltes, On the incomplete architecture of human ontogeny: selection,
optimization, and compensation as foundation of developmental theory,
Am. Psychol. 52 (1997) 366–380.
[30] P.B. Baltes, J. Smith, Lifespan psychology: from developmental contextualism to
developmental biocultural co-constructivism, Res. Hum. Dev. 1 (2004) 123–144.
[31] B. Elmerskog, M. Storliløkken, J.M. Tellevik, Fra helhetlige perspektiver på
habilitering og rehabilitering til funksjonelle og individrettede tiltak (From
holistic perspectives on habilitation to functional and individual intervention), in:
P. Fosse, O. Klingenberg (Eds.), Pedagogiske og psykologiske perspektiver på
opplæring av synshemmede, Snøfugl Forlag, Melhus, Norway, 2008, pp. 87–95.
[32] J. Cialone, H. Adams, E.F. Augustine, F.J. Marshall, J.M. Kwon, N. Newhouse, A.
Vierhile, E. Levy, L.S. Dure, K.R. Rose, D. Ramirez-Montealegre, E.A. de Blieck,
J.W. Mink, Females experience a more severe disease course in Batten disease,
J. Inherit. Metab. Dis. 35 (2012) 549–555.

1904

S. von Tetzchner et al. / Biochimica et Biophysica Acta 1832 (2013) 1894–1905

[33] D. Taylor, Neurometabolic disease, in: D. Taylor (Ed.), Pediatric Ophthalmology,
Blackwell, Cambridge, UK, 1990, pp. 525–544.
[34] M.C. Brodsky, R.S. Baker, L.M. Hamed, Pediatric Neuro-ophthalmology,
Springer-Verlag, New York, 1996.
[35] S. Bozorg, D. Ramirez-Montealegre, M. Chung, D.A. Pearce, Juvenile neuronal
ceroid lipofuscinosis (JNCL) and the eye, Surv. Ophthalmol. 54 (2009) 463–471.
[36] A. Perttunen, Sight deterioration and loss: visual and other aids during the ﬁrst
years at school, in: S. von Tetzchner (Ed.), Proceedings of the First International
Education Conference on Batten Disease, Swedish Institute for Special Needs
Education, Örebro, Sweden, 2006, p. 74.
[37] J.M. Kwon, H. Adams, P.G. Rothberg, E.F. Augustine, F.J. Marshall, E.A. Deblieck, A.
Vierhile, C.A. Beck, N.J. Newhouse, J. Cialone, E. Levy, D. Ramirez-Montealegre,
L.S. Dure, K.R. Rose, J.W. Mink, Quantifying physical decline in juvenile neuronal
ceroid lipofuscinosis (Batten disease), Neurology 77 (2011) 1801–1807.
[38] D.F. Bjorklund, K.K. Harnishfeger, Developmental differences in mental effort
requirements for the use of an organizational strategy in free recall, J. Exp.
Child Psychol. 44 (1987) 109–125.
[39] J.M. Tellevik, M. Storliløkken, H. Martinsen, B. Elmerskog, Spesialisten i nærmiljøet
(The Specialist in the Proximal Environment), Unipub forlag, Oslo, 1998.
[40] J.J. Campos, D.I. Anderson, M.A. Barbu-Roth, E.M. Hubbard, J.M. Hertenstein, D.
Witherington, Travel broadens the mind, Infancy 1 (2000) 149–219.
[41] R. Laabs, Zur klinischen Variabilität der Juvenilen Neuronalen Ceroid-Lipofuscinose.
Versuch einer quantitativen Beschreibung des Verlaufs bei 17 Patienten (On the
clinical variation in Juvenile Neuronal Ceroid Lipofuscinosis. An attempt to
quantitative description of the course of 17 patients), Doctoral thesis, University
Hospital, Eppendorf, Germany, 1988.
[42] P. Santavuori, H. Heiskala, T. Westermarck, K. Sainio, R. Moren, Experience over
17 years with antioxidant treatment in Spielmeyer-Sjögren Disease, Am. J. Med.
Genet. Suppl. 5 (1988) 265–274.
[43] E. Kirveskari, Circadian rhythms and sleep in Neuronal Ceroid Lipofuscinoses,
Academic Dissertation, University of Helsinki, 2000.
[44] S. Lamminranta, L.E. Åberg, T. Autti, R. Moren, T. Laine, J. Kaukoranta, P.
Santavuori, Neuropsychological test battery in the follow-up of patients with
juvenile neuronal ceroid lipofuscinosis, J. Intell. Disabil. Res. 45 (2001) 8–17.
[45] S. von Tetzchner, Communication and language in Batten disease, in: S. von
Tetzchner (Ed.), Proceedings of the First International Education Conference
on Batten Disease, Swedish Institute for Special Needs Education, Örebro,
Sweden, 2006, pp. 101–103.
[46] A.D. Baddeley, Is working memory still working? Am. Psychol. 56 (2001) 851–864.
[47] T.J. Ricker, A.M. AuBuchon, N. Cowan, Working memory, Wiley Interdiscip. Rev.
Cogn. Sci. 1 (2010) 573–585.
[48] A.D. Baddeley, Working memory and language: an overview, J. Commun. Disord.
36 (2003) 189–208.
[49] J.W. Montgomery, B. Magimairaj, M. O'Malley, The role of working memory in
typically developing children's complex sentence comprehension, J. Psycholinguist.
Res. 37 (2008) 331–354.
[50] J.M. Birnkrant, D.S. Bennett, G.H. Noritz, D.J. Birnkrant, Developmental and
behavioral disorders grown up: Duchenne muscular dystrophy, J. Dev. Behav.
Pediatr. 32 (2011) 609–615.
[51] L.R. Squire, Mechanisms of memory, in: S.M. Kosslyn, R.S. Andersen (Eds.),
Frontiers in Cognitive Neuroscience, MIT Press, Cambridge, Massachusetts,
1992, pp. 500–515.
[52] L.R. Squire, B. Knowlton, G. Musen, The structure and organization of memory,
Annu. Rev. Psychol. 44 (1993) 453–495.
[53] S. Daselaar, R. Cabeza, Episodic memory decline and healthy aging, in: J. Byrne,
H. Eichenbaum (Eds.), Memory Systems. Learning and Memory: A Comprehensive
Reference, vol. 3, Elsevier, Oxford, 2008, pp. 577–599.
[54] S. von Tetzchner, Utviklingen hos mennesker med Spielmeyer–Vogt-syndromet
med spesiell vekt på språklige og kognitive funksjoner (Development in Individuals
with Spielmeyer–Vogt Syndrome with Emphasis on Linguistic and Cognitive
Functioning), Tambartun Resource Centre for the Visually Impaired, Melhus,
Norway, 1993.
[55] A.M. Chaffey, Avvik i setninger med negasjon hos en pasient med Spielmeyer-Vogts
sykdom (Deviations in sentences with negation in a patient with Spielmeyer–Vogt
disease), Arbeidsskrift for Nordisk Språk og Litteratur 52 (1987) 129–140.
[56] J.W. Montgomery, Working memory and comprehension in children with speciﬁc
language impairment: what we know so far, J. Commun. Dis. 36 (2003) 221–231.
[57] W. Best, Investigation of a new intervention for children with word‐ﬁnding
problems, Int. J. Lang. Commun. Dis. 40 (2005) 279–318.
[58] D. Messer, J.E. Dockrell, Children's naming and word ﬁnding difﬁculties: descriptions
and explanations, J. Speech Lang. Hear. Res. 49 (2006) 309–332.
[59] O. Brunbjerg, Spielmeyer-Vogt: Beskrivelse av sygdomens fysiske og intellektuelle
udvikling samt forsøg på opstilling af principper for det pædagogiske arbejde
vedrørende elever med Spielmeyer-Vogts sygdom (Spielmeyer-Vogt: Description
of the diseses' physical and intellectual development and an attempt to list principles
for educational work with students who have Spielmeyer-Vogt disease), Master
thesis, Denmark Teacher College, Esbjerg, 1993.
[60] S. von Tetzchner, H. Martinsen, Introduction to Augmentative and Alternative
Communication, Whurr/Wiley, London, 2000.
[61] Å. Eriksson, T. Ragnarsson, A comparison between low-technology communication
devices and lap top computers with shell program, in: S. von Tetzchner (Ed.),
Proceedings of the First International Education Conference on Batten Disease,
Swedish Institute for Special Needs Education, Örebro, Sweden, 2006, pp. 38–40.
[62] R. Gayton, The education and care problems of visually handicapped children
suffering from juvenile Batten disease. Masters thesis, University of Birmingham,
1982.

[63] R. Gayton, Juvenile Batten disease, Br. J. Vis. Impair. 2 (1987) 55–57.
[64] L. Clare, R.S.P. Jones, Errorless learning in the rehabilitation of memory impairment:
a critical review, Neuropsychol. Rev. 18 (2008) 1–23.
[65] L. Clare, B.A. Wilson, G. Carter, K. Breen, A. Gosses, J.R. Hodges, Intervening with
everyday memory problems in dementia of Alzheimer type: an errorless learning
approach, J. Clin. Exp. Neuropsychol. 22 (2000) 132–146.
[66] L.P. De Vreese, M. Neri, M. Fioravanti, L. Belloi, O. Zanetti, Memory rehabilitation
in Alzheimer's disease: a review of progress, Int. J. Geriatr. Psychopharmacol. 16
(2001) 794–809.
[67] R.P.C. Kessels, M. Remmerswaal, B.A. Wilson, Assessment of nondeclarative
learning in severe Alzheimer dementia: the Implicit Memory Test (IMT),
Alzheimer Dis. Assoc. Disord. 25 (2011) 179–183.
[68] D.A. Loewenstein, A. Acevedo, S.J. Czaja, R. Duara, Cognitive rehabilitation of
mildly impaired Alzheimer disease patients on cholinesterase inhibitors, Am. J.
Geriatr. Psychiatry 12 (2004) 395–402.
[69] G.B. Gylfason, K.B. Jóhannsdóttir, Living with Batten disease in Iceland, the story
of Hrafnhildur, in: S. von Tetzchner (Ed.), Proceedings of the First International
Education Conference on Batten Disease, Swedish Institute for Special Needs
Education, Örebro, Sweden, 2006, pp. 48–49.
[70] M. Beghdadi, Lyd i undervisningen (Sound in education), Statpeds tidsskriftserie
(in press).
[71] B. Elmerskog, M. Storliløkken, Beyond the classroom, in: S. von Tetzchner (Ed.),
Proceedings of the First International Education Conference on Batten Disease,
Swedish Institute for Special Needs Education, Örebro, Sweden, 2006, pp. 31–35.
[72] M. Tomasello, Why We Cooperate, MIT Press, London, 2009.
[73] W. Damon, E. Phelps, Strategic uses of peer learning in children's education, in:
T.J. Berndt, G.-W. Ladd (Eds.), Peer Relationships in Child Development, John
Wiley, New York, 1989, pp. 135–157.
[74] S. Baines, P. Saxby, K. Ehlert, Reality orientation and reminiscence therapy: a
controlled cross-over study of elderly confused people, Br. J. Psychiatry 151
(1987) 222–231.
[75] A.J. Jak, The impact of physical and mental activity on cognitive aging, in: M.C.
Pardon, M.W. Bondi (Eds.), Behavioral Neurobiology of Aging, Springer, New
York, 2012, pp. 273–291.
[76] A. Parbery-Clark, S. Anderson, E. Hittner, N. Kraus, Musical experience offsets
age-related delays in neural timing, Neurobiol. Aging 33 (2012) e1–e4.
[77] S. Rokne, The individual education plan — end product or process? in: S. von
Tetzchner (Ed.), Proceedings of the First International Education Conference
on Batten Disease, Swedish Institute for Special Needs Education, Örebro, Sweden,
2006, pp. 85–87.
[78] J. Houen, C. Munkholm, Parents inﬂuence in Spielmeyer–Vogt work, in: S. von
Tetzchner (Ed.), Proceedings of the First International Education Conference
on Batten Disease, Swedish Institute for Special Needs Education, Örebro, Sweden,
2006, pp. 54–55.
[79] L. Johnston, Parent perspectives on the education of individuals with Batten disease,
in: S. von Tetzchner (Ed.), Proceedings of the First International Education Conference
on Batten Disease, Swedish Institute for Special Needs Education, Örebro, Sweden,
2006, p. 62.
[80] E. Beckung, G. Carlsson, S. Carlsdotter, P. Uvebrant, The natural history of gross
motor development in children with cerebral palsy aged 1 to 15 years, Dev.
Med. Child Neurol. 49 (2007) 751–756.
[81] P.L. Rosenbaum, S.D. Walter, S.E. Hanna, R.J. Palisano, D.J. Russell, P. Raina, E.
Wood, D.J. Bartlett, B.E. Galuppi, Prognosis for gross motor function in cerebral
palsy: creation of motor development curves, J. Am. Med. Assoc. 288 (2002)
1357–1363.
[82] I. Heikkinen, S. Railosvuo, Communication and computer assessment: the case of
Jonna, in: S. von Tetzchner (Ed.), Proceedings of the First International Education
Conference on Batten Disease, Swedish Institute for Special Needs Education,
Örebro, Sweden, 2006, pp. 51–53.
[83] P. Fosse, T. Pukstad, Visuell avkoding under lesing. Implikasjoner for utredning
og rehabilitering av personer med synsvansker og lesevansker (Visual decoding
in reading. Implications for assessment and rehabilitation of individuals with
visual impairment and reading disorder), in: P. Fosse, O.G. Klingenberg (Eds.),
Pedagogiske og psykologiske perspektiver på opplæring av synshemmede,
Snøfugl forlag, Melhus, Norway, 2008, pp. 137–150.
[84] In: S. Rokne (Ed.), Hver dag teller, (Every Day Counts), Norsk Spielmeyer-Vogt
Forening, Asker, 2009.
[85] E. Mortensen, Ethical perspectives on working with students who have Batten
disease, in: S. von Tetzchner (Ed.), Proceedings of the First International Education
Conference on Batten Disease, Swedish Institute for Special Needs Education,
Örebro, Sweden, 2006, p. 74.
[86] S. von Tetzchner, K. Jensen, Communicating with people who have severe
communication impairment: ethical considerations, Int. J. Disabil. Dev. Educ.
46 (1999) 453–462.
[87] A.M. Cook, J.M. Polgar, Assistive Technologies: Principles and Practice, Mosby, St.
Louis, 2008.
[88] O. Lahav, D.W. Schloerb, S. Kumar, M.A. Srinivasan, A virtual map to support
people who are blind in navigation through real spaces, J. Spec. Educ.Technol.
26 (2011) 40–57.
[89] H. Martinsen, J.M. Tellevik, B. Elmerskog, M. Storliløkken, Mental effort in mobility
route learning, J. Vis. Impair.Blind 101 (2007) 327–338.
[90] J.M. Tellevik, H. Martinsen, M. Storliløkken, B. Elmerskog, Development and
evaluation of a procedure to assess mobility route learning, J. Vis. Impair.Blind
94 (2000) 197–203.
[91] J.M. Kaas, I.A. Børresen, Braille learning for a student diagnosed with Batten
disease, in: S. von Tetzchner (Ed.), Proceedings of the First International Education

S. von Tetzchner et al. / Biochimica et Biophysica Acta 1832 (2013) 1894–1905

[92]
[93]

[94]

[95]

[96]

[97]
[98]
[99]
[100]
[101]

[102]

Conference on Batten Disease, Swedish Institute for Special Needs Education,
Örebro, Sweden, 2006, pp. 64–66.
A. Vik, Coping strategies in reading: multi-readers in the Norwegian general
education system, J. Vis. Impair.Blind 101 (2007) 545–556.
A. Vik, L.M. Lassen, How pupils with severe visual impairment describe coping
with reading Activities in the Norwegian inclusive school, Int. J. Disabil. Dev.
Educ. 57 (2010) 279–298.
L.B. Augestad, O. Klingenberg, P. Fosse, Braille use among Norwegian children
from 1967 to 2007: trends in the underlying causes, Acta Ophthalmol. 90
(2012) 428–434.
R. Rusten, I.A. Børresen, Teaching Braille to a student diagnosed with NCL,
Presented at the Fourth Biennial “Getting in Touch with Literacy”, Denver,
USA, December 1–3, 2005, 2005.
M. Beghdadi, Nye muligheter for synshemmede med kommunikasjonsvansker
(New possibilities for the visually impaired with communication disorders),
Optikeren 21 (5) (2000) 66–69.
T. Ragnarsson, J. Björk, Sarepta — a powerful multimedia program, Presentad at
7th European Conference of ICEVI, Dublin, Ireland, 2009.
B. Woods, A.E. Spector, C.A. Jones, M. Orrell, S.P. Davies, Reminiscence therapy
for dementia (Review), The Cochrane Library, No. 1, 2009.
W.B. Jennings, What brain research has taught us about brain-based learning,
The Institute for Learning and Teaching Networker, 2, 1990. 51–53.
J. Dewey, Democracy and Education: An Introduction to the Philosophy of
Education, Free Press, New York, 1966.
R. Fivush, Coconstructing memories and meaning over time, in: J.A. Quas, R.
Fivush (Eds.), Emotion and Memory in Development, Oxford University Press,
Oxford, 2009, pp. 343–354.
A. Spector, L. Thorgrimsen, B. Woods, L. Royan, S. Davies, M. Butterworth, M.
Orrell, Efﬁcacy of an evidence-based cognitive stimulation therapy programme
for people with dementia: randomised controlled trial, Br. J. Psychiatry 183
(2003) 248–254.

1905

[103] M.J. Dehn, Long-term Memory Problems in Children and Adolescents: Assessment,
Intervention and Effective Instruction, Wiley, New York, 2010.
[104] S.-Å. Larsson, Struktur: a software that offers ﬂexible and pedagogical personal
solutions for people with multiple disabilities, including communication aids —
but a tool is just a tool! in: S. von Tetzchner (Ed.), Proceedings of the First International
Education Conference on Batten Disease, Swedish Institute for Special Needs
Education, Örebro, Sweden, 2006, pp. 67–68.
[105] T. Pukstad, M. Beghdadi, Brukerundersøkelse – Sarepta (User Survey — Sarepta),
Tambartun National Resource Centre for the Visually Impaired, Melhus, Norway,
2009.
[106] D. Felce, K. Lowe, J. Beswick, Staff turnover in ordinary housing services for people
with severe or profound mental handicaps, J. Intellect. Disabil. Res. 37 (1993)
143–152.
[107] S. von Tetzchner, Utfordrende atferd hos mennesker med lærehemning –
Betydning av kommunikasjon, boforhold og tjenester (Challenging Behaviour
in Individuals with Intellectual Impairment — The Role of Communication, Living
Conditions and Services), Gyldendal Akademisk, Oslo, 2003.
[108] K. Lewin, Environmental forces in child behavior and development, in: C.
Murchison (Ed.), A Handbook of Child Development, Second edition, Clark
University Press, Worcester, Massachussets, 1931, pp. 590–625.
[109] K. Nelson, Development of extended memory, J. Physiol. Paris 101 (2007) 223–229.
[110] K. Nelson, R. Fivush, The emergence of autobiographical memory: a social cultural
developmental theory, Psychol. Rev. 11 (2004) 486–511.
[111] T. Habermas, C. de Silveira, The development of global coherence in life narratives
across adolescence: temporal, causal, and thematic aspects, Dev. Psychol. 44 (2008)
707–721.
[112] In: A. Closs (Ed.), The Education of Children with Medical Conditions, David Fulton,
London, 2000.
[113] In: S. von Tetzchner (Ed.), Proceedings of the First International Education
Conference on Batten Disease, Swedish Institute for Special Needs Education,
Örebro, Sweden, 2006.

