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ORIGINAL ARTICLE

Individual patterns of problems with participation, activity, body function and
environment in everyday life for children who completed brain tumor treatment

Ann-Christin Bj€orklunda,b, Laura Darcyc, Sheila Judge Santacroced, Mats Granlunda,e and Maria Bj€orka

aCHILD research group, SIDR, School of Health and Welfare, J€onk€oping University, J€onk€oping, Sweden; bDepartment of Pediatric Hematology
and Oncology, Uppsala University Hospital, Uppsala, Sweden; cFaculty of Caring Science, Work Life and Social Welfare, University of Borås,
Borås, Sweden; dSchool of Nursing and Lineberger Comprehensive Cancer Center, The University of North Carolina at Chapel Hill, Chapel Hill,
NC, USA; eDepartment of Mental Health, Norwegian Natural science and Technology Unversity, Trondheim, Norway

ABSTRACT
Purpose: The study purpose was to, with the help of ICF and the CPS model, describe and explain pat-
terns of co-occurring problems with participation in everyday life activities, body functioning and environ-
ment for children who completed brain tumor treatment.
Materials and methods: Hospital, habilitation and school records for nine children (5–11 yrs.) diagnosed
with brain tumor, were retrospectively reviewed for everyday problems after treatment completion. These
problems were linked to ICF codes. Median code distribution within ICF constructs participation, body
function, body structure, activity, and environment were calculated to generate typical (close to median)
and atypical (distant from median) patterns of problems on individual and group levels. Two children
were in-depth analyzed with collaborative problem-solving (CPS) model to identify participation problems
and plausible explanations.
Results: In total, 4543 ICF linked codes revealed similarities and differences between individuals. The
selected child-cases displayed educational challenges and peer-relational problems. The ICF codes related
to activity, body function and environment revealed plausible explanations for the children’s documented
problems with participation in everyday life.
Conclusions: The combination of ICF and CPS can provide a comprehensive view of the child’s problems
and guide development of participation in everyday life-focused interventions for children treated for
brain tumors.

� IMPLICATIONS FOR REHABILITATION
� Care should be guided by interventions and support directed at individual children and their every-

day life.
� The International Classification of Functioning, Disability and Health (ICF) framework can support

identification of the individual child’s patterns of problems and how these affects the child’s everyday
life.

� It is recommended to start by identifying participation problems when using ICF to identify and
describe problems in children’s natural settings.

� The collaborative problem-solving model can guide healthcare, habilitation and school services when
identifying and acting on typical and atypical problem patterns experienced by these children.
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Introduction

All children are entitled to meaningful participation in home,
school and leisure time situations [1]. Participation in everyday
life, is vital for children’s health and wellbeing and associated
with positive academic performance and life satisfaction [2,3].
Participation, in International Classification of Functioning,
Disability and Health (ICF) terms, is described as having two
dimensions: “being there” during an activity and “being involved”
in the activity. Participation in life situations occur in children’s
interactions with their interpersonal, social and physical environ-
ments [4].

Children who complete brain tumor treatment with surgery,
chemotherapy and/or radiotherapy, often face problems in their
everyday functioning. A problem can be defined as a perceived
difference between the child’s current and desired state of func-
tioning [5]. Everyday life for children after brain tumor treatment
is frequently characterized by restrictions in participation in life
situations at home, in school and in leisure time. Limitations and
impairments in cognitive, psychosocial, and physical functions
[6–8] often influence their full participation. Balance disturbance
[9], impaired vision [10], pain [11], and/or fatigue [12] are com-
mon body function problems. However, participation restrictions
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also depend on environmental characteristics, such as peer inter-
action, adapted teaching material etcetera. Children who com-
plete brain tumor treatment can experience lack of participation
in peer interactions and social belonging during leisure activities.
Experiences of participation restriction can negatively affect child-
ren’s emotional wellbeing and overall quality of life [13,14]. In
addition, treatment-related impairments in short-term memory
[15], behavioral regulation [16] and other aspects of executive
functioning, contribute to challenges with learning. Problems
tend to change and develop into individual patterns over time.
When multiple problems co-occur, the combined effect on child-
ren’s functioning can be even greater [17,18].

After completing brain tumor treatment, children and their
families seek a “new normal” that integrates their cancer experi-
ence [19], changed roles and changed relationships [20,21].
Caregivers (parents) who focus on family functioning rather than
on the brain tumor and its treatment, report better quality of life
[22]. Multi-professional follow-up care based on comprehensive
assessment of the child’s needs [23] and medical guidelines [24],
can guide the child and family. In Sweden, children with persist-
ent functional problems in performing daily activities can access
habilitation service as a supplement to health care [25]. The
habilitation service, with its multi-professional team, collaborates
with the child and family to establish a specific habilitation plan
with goals for developing skills applicable to everyday life. These
plans aim to enhance participation and ultimately the child’s well-
being [26]. Swedish law requires that health care and habilitation
plans should be established in dialogue with children and their
caregivers [27], and that provision of care in accordance with
both plans must be documented in the child’s records [25].
Children who experience problems reaching age-related educa-
tional goals following completion of treatment for brain tumor,
often require additional educational adjustments. If these adjust-
ments are insufficient to reach set goals, extra support is required,
with a written action program to address the child’s needs [28].
This program must be developed by the school’s health care
team in collaboration with the child and family [29]. However,
coordination of plans between services is not mandated.

Services involved in the child’s care differ in how they perceive
their tasks and goals, which is a barrier to collaboration. Health
care aspires to identify and address tumor recurrence and treat-
ment-related complications and therefore primarily focus on body
functions; habilitation services aspire to restore the child’’s abil-
ities to carry out activities of daily living; and schools aspire to
support the child’s achievement of educational goals and social
participation in school [30,31]. Ideally, shared goals can maximize
the child’s health and functioning in everyday life. Barriers to col-
laboration within and between services towards achieving shared
goals could be overcome by using the ICF [32]. With its biopsy-
chosocial lens, the ICF offers a universal language for describing a
persons’ health and functioning in interdisciplinary and everyday
settings, with a focus on how health conditions affect body func-
tions, activity performance and participation in everyday activities
[32]. Within the ICF framework, body function refers to a persons’
physiological and psychological functioning; body structure to the
bodily organ construct, and activity to a persons’ possibility to
perform a task or an action; and participation to a persons’
involvement in life situations. Environmental factors include the
environments a person operates within [32]. Earlier studies of chil-
dren treated for brain tumors have raised the awareness that the
ICF is a useful tool to describe the child’s functioning, and can
thus support plans of care [20,23]. Vanclooster et al. [23] claims
that child directed support, school staff attitudes, and

collaboration in the network around the child, are beneficial for
the child’s school functioning. Other studies highlight the import-
ance of moving professionals’ focus from the child’s physical and
psychological functioning to a more comprehensive focus on par-
ticipation in everyday life [31,33]. However, the ICF is a descriptive
classification system without guidelines for how to interpret rela-
tionships between the ICF components body, activity, participa-
tion and environment [31]. In intervention work, causality is
inferred by the timing of improvements in intervention targets
relative to the results of prior evaluations and intervention deliv-
ery. Intervention can be described as the process of identifying a
problem, finding explanations for the problem, setting goals for
desired improvements, and implementing methods informed by
the explanation and evaluating the outcome. Using participation
in everyday life as the starting point, as suggested by prior
research [31,33], a problem-solving strategy based on causal rea-
soning as applied to ICF, can be of use in developing interven-
tions to enhance participation in everyday life.

Children who complete treatment for various types of brain
tumors have individual patterns of co-occurring problems with
participation, activity and body function. When the child has com-
pleted cancer therapy and re-entering everyday life, school-based
and out-of-school services need to support re-entry and optimize
participation. However, caregivers report lack of practical guid-
ance about how best to support their child [34]. One approach to
enhance the child’s functioning in everyday life and allow the
child’s voice to be heard throughout the intervention process, is
the Collaborative Problem-Solving (CPS) Model [35], see Figure 1.

In this model, the child, their caregivers and other key actors
in the child’s environments (e.g. school), collaborate to form part-
nerships that aim to maximize the child’s skills and thus everyday
functioning [35]. As the focus in this article is on everyday func-
tioning, the starting point in the CPS model is identifying per-
ceived problems with participation in the child’s everyday life,
such as with peer-interactions or schoolwork, rather than the
brain tumor or treatment-related complications. Plausible explana-
tions for the identified problems relative to body function, activity
performance and environment are named, and intervention tar-
gets are prioritized. Goals for increasing participation in these
problematic areas are set and methods to reach the goals are
developed. This step is followed by implementing methods and

Figure 1. Illustration of the collaborative problem-solving model.
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evaluating them regularly, and recognition of the outcomes and
overall progress towards achieving the goals [35]. Guided by
evaluation results, new problems are identified, new goals set and
revised, or new methods are implemented. The CPS model has
been useful in developing interventions for children with func-
tional limitations [36].

Applying the CPS model to children treated for brain tumor and
their parents, requires problem identification and problem solving
based on an overview of the child’s participation in everyday activ-
ities. To gain an overview of the child’s pattern of problems, the
child, caregivers and involved professionals from health care, habilita-
tion and school discuss how the child’s problems in participation
relate to problems with body function, activity performance, and
facilitators and barriers in the environment. Most problems with par-
ticipation have several explanations that can be orchestrated to gen-
erate a comprehensive view. For example, several reasons could
explain why a child seldom finishes tasks in class. One explanation
might be difficulty initiating the task or retaining focus; another
might be that the teacher assigns tasks that are lengthy and com-
plex; and a third might be that the environment does not provide
clues regarding the order of the steps involved. By considering mul-
tiple plausible explanations, multiple methods can be applied to
help the child reach their goal of completing tasks.

On an aggregate level, typical and atypical patterns of problems
with body, activity and participation levels can be identified to guide
further assessments and supports typically needed by children with a
given medical history [37]. Moreover, patterns of problems for an indi-
vidual child can provide the basis for personalized interventions.
Problems tend to co-occur, possibly due to shared mechanisms that
are modifiable. Synergistic interactions among co-occurring problems
can intensify adverse effects on functioning beyond what is seen
when the problem stands alone [38]. If a problem is targeted for
intervention without assessing whether it is part of a pattern of co-
occurring problems with shared mechanisms, sustainable effects can
be difficult to achieve. Sustainable effects likely require that interven-
tions targeted toward several plausible explanations [39].
Furthermore, intervening without considering the possibility of co-
occurrences, could inadvertently worsen the child’s situation. Thus, it
is important to identify patterns of problems on an individual basis.
Some patterns of co-occurring problems may be typical for persons
with a specific health history such as brain tumor and referred to as
typical patterns. Other patterns may be highly individual and referred
to as atypical patterns. Therefore, patterns of co-occurring problems
related to body function, activity, participation, and environment for
an individual child, must be identified to form the basis of multi-level
(child plus one or more levels of the child’s environment) interven-
tions that maximize the child’s functioning and participation in every-
day life.

As concluded in Bj€orklund et al. [31], the first study in this
research project, a gap exists in our understanding of the trajecto-
ries and modifiable mechanisms underlying patterns of problems
with participation in everyday life among children who completed
treatment for brain tumor. The combination of ICF and the CPS
model could guide healthcare, habilitation and school services in
closing this gap when identifying and intervening to address typ-
ical and atypical problem patterns experienced by these children.

Purpose

The purpose of this study was to, with the help of ICF and the CPS
model, describe and explain patterns of co-occurring problems with
participation in everyday life activities, body functioning and environ-
ment for children who completed brain tumor treatment.

The research questions were:

1. What individual variations are seen in proportions of docu-
mented problems with participation, activity, body function
and environment for the children?

2. What typical and atypical patterns of co-occurring problems
with everyday functioning are illustrated by exemplary
child cases?

3. How can the CPS model be used to explore problems with
activity, bodily function and in the child’s environments as
plausible explanations for problems with participation?

Materials and methods

Design

The study used a retrospective case design [40]. The ICF frame-
work was used to guide coding of documented problems in nine
children’s records, and the selection of two child cases that illus-
trate children with typical and atypical patterns of co-occurring
problems. Thereafter, the CPS model was used to explore co-
occurring problems with activity, body function and environment
as underlying mechanisms that could explain these two children’s
problems with participation.

Sample

The study used convenience sampling for recruitment of children
who had (a) been diagnosed with a brain tumor between the
ages of 5 and 15 years, (b) successfully completed oncological
treatment, and (c) performed post-treatment neuro-psychological
assessment. More information about the participant and recruit-
ment strategies are described in Bj€orklund et al. [31].

Setting

Children who had received brain tumor treatment at either of
two oncology departments in Mid-Sweden, were followed up at
related municipal hospitals, and attended mainstream schools.
These two oncology departments yearly provide care for a total
of 50 children diagnosed with a primary brain tumor. The oncol-
ogy departments are responsible for overall medical management,
which usually includes surgical removal of the tumor, followed by
radiotherapy and/or chemotherapy as indicated by surgical mar-
gins, and characteristics of the child and the tumor. Care for acute
and long-term complications associated with cancer therapy is
given at related municipal hospitals. Habilitation services comple-
ment medical care by supporting rehabilitation of the child’s abil-
ity to perform activities of daily living. School is responsible for
providing children with the knowledge required according to the
school law, and to provide the support needed for students that
have difficulties with reaching the national goals for education.

Data collection

Data were collected between May 2018 and March 2019. The first
author (A–CB) examined documentation in healthcare, habilitation
and school records, for nine children’s problems with everyday
life to identify descriptions of problems. As the same children
were documented in all three services, descriptions of problems
were aggregated across services rather than per professional cat-
egory. These records were written by physicians, nurses, psycholo-
gists, physiotherapists, occupational therapists, teachers and other
professionals. A problem was defined as a perceived difference
between the child’s present and desired state of functioning [5].
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Data were extracted for the period of time between the first neu-
rocognitive assessment, usually about a year after treatment com-
pletion, through the data collection date. Median follow-up time
of extracted data was 4.4 years after the first neuropsychological
evaluation, range 2.7 � 10.4 years.

Data analysis

Descriptive statistics were used to characterize the sample. To iden-
tify individual variations of problems in the documentation, prob-
lems were linked to ICF codes within the components body
function, body structure, activity, participation, and environmental
factors. For example, extracted text (meaning units) described that
the child had problems with headaches. The meaning of the prob-
lem was thus identified “headache” which was linked to the most
precise ICF chapter (b2 sensory functions and pain) and ICF code
(b280 sensation of pain). More information about the linking process
is described in Bj€orklund et al. [31]. A previous child and youth ver-
sion of ICF (ICF-CY) was merged into the ICF classification in 2012.
However, some child-specific codes are not included in the current
ICF classification [41]. One of these codes from ICF-CY, a250 manag-
ing one’s own behavior was used in the analysis for the current
study. The code featured prominently and thus was included here,
despite not being part of the updated ICF classification. After linking
extracted text from all services to ICF codes, proportions and median
proportions of ICF codes within components, were calculated on
both the individual child levels and the group level. The most fre-
quently occurring codes identified for all services concerned body
function, followed by activity codes (31). Thus, codes were aggre-
gated for all services instead of per profession or service type. The
activity/participation domain was divided into activity codes (chap-
ters 1 – 4 in the domain) and participation codes (chapters 5 – 8 in
the domain) based on a recommendation in the ICF manual on how
to separate activity (performing an activity) from participation
(involvement in a life situation).

To identify typical and atypical patterns of co-occurring prob-
lems in the study sample, each child’s code distribution was com-
pared to the group median of codes within the ICF components
body function, body structure, activity, participation and environ-
mental factors. Based on visual inspection of deviations from the
median value for all nine cases, deviations of 5% from the median
proportion of codes within each component generated one plus
or one minus. For each additional 5% deviation, an additionalþor
– was added. The 5% deviations were chosen for the sensitivity to
detect differences between individuals while preserving the group
patterns constructed from the descriptive statistics of code fre-
quency described in Bj€orklund et al. 2021 [31]. Similar reasoning
was used in Olsson et al. [42]. Based on the code distributions,
two children were selected for in depth examination of their typ-
ical (close to median) or atypical (distant from median) pattern of
problems and given pseudonyms – “Alice” for the child with the
typical pattern and “Peter” for the child with the atypical pattern.

Alice and Peter’s data were subjected to deductive content
analysis [43], guided by the CPS model, to generate plausible
explanations for the child’s problems with participation within the
child’s co-occurring body function, activity and environmental
problems [35]. In this study, only the first two steps of the CPS
model (Figure 1) defining problems and plausible explanations,
were applied. In the first step of the analysis, identified meaning
units and assigned ICF codes for the two child cases were read
through several times, to gain a deeper understanding of individ-
ual problems. In the second step, recurring ICF codes within the
components body function, activity, participation, and

environmental factors were noted. In the third step, problems
assigned to participation codes were identified from the ICF code
set as problems linked to p5-p9 (self-care, domestic life, interper-
sonal interactions and relationships, major life areas and commu-
nity life) as the initial base for analyzing the pattern of problems.
In the fourth step, meaning units linked to the ICF components
activity, body function and environment were identified as plaus-
ible explanations related to identified participation problems. The
component body structure was excluded in this analysis as ana-
tomical focus is not within the realm of CPS. In the fifth step, the
identified patterns of problems and plausible explanations were
labeled with names that illustrated the participation problem. The
process of identifying pattern of problems was done in collabor-
ation by authors A-CB and MB. The remaining steps of CPS, goal
setting and designing and implementing intervention methods
were deemed unnecessary based on the retrospective approach
applied in this study.

Ethical considerations

The study was approved by the Ethical Review Board in
Link€oping, Sweden (Dnr 2017/475-31). Depending on the child’s
age at time of entry to the study, written parental permission and
child assent or informed consent for the child’s participation in
the study were obtained prior to collecting the child’s data, in
accordance to ethical guidelines [44]. Considering the sample size,
details about participant characteristics in the following text are
sparse to protect the children’s privacy.

Results

The nine children in the study sample were diagnosed with a
brain tumor between 5–11 years of age. Slightly more than half of
the children were males (5/9). The majority were diagnosed dur-
ing their pre-school years (6/9), had the tumor type medulloblas-
toma (6/9), astrocytoma (2/9) or craniopharyngioma (1/9). They
were treated with surgery and/or chemotherapy and/or radiation
in different combinations.

In total, 4543 single and repeated ICF linked codes within body
function, body structure, activity, participation and environmental
factors were identified from the extracted text. See Table 1 for the
most common codes within ICF chapters and components.

Variations in proportions of children’s problems with body
function, body structure, activity, participation and
environment

The results reveal that variations in the proportions of docu-
mented problems were related to body function, body structure,
activity, participation and their environment. When comparing the
proportion for each child’s codes to the proportion for the group,
different patterns emerged (Table 2). Table 2 displays the nine
children’s deviations from the median for the ICF components,
symbolized with either pluses or minuses.

The number of plus and minus symbolize the size and direc-
tion of deviations in ICF components for each child compared to
median proportions for the group. Some children differed less in
relation to the group (child 1–5, 8). These children displayed a
similar pattern ofþ and - in the different ICF components and
were deemed as displaying a typical pattern of problems. Other
children (child 6, 7, 9) differed more relative to the group and
were therefore deemed as displaying an atypical pattern
of problems.
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Typical and atypical patterns illustrated by exemplary
child cases

Two children were selected as exemplars based on the results
shown in Table 2. Alice’s (child 4) typical pattern of problems dif-
fered only slightly from the children with a typical pattern of
problem when compared to median proportion in several compo-
nents. Peter (child 7) displayed an atypical pattern deviated par-
ticularly in the body function and activity components compared
to the group (Table 2). The distribution of codes within ICF com-
ponents identified in Alice and Peter’s documentation indicates
both similarities and differences compared to the group.

Alice exemplifying typical patterns of problems

Alice was diagnosed at pre-school age and treated with surgery
and radiotherapy. Documentation about Alice encompassed four
years of compulsory schooling. In total, 414 ICF codes were identi-
fied in the analysis of documentation about Alice. Sixteen codes
related to body structure, which were excluded from the total
sample, as previously explained. There were 59/414 codes related
to participation, 70/414 codes related to activity, 240/414 to body
function and 45/414 codes related to the environment. The great-
est proportion of Alice’s ICF linked problems (296/430), were in
documentation from health care, while 111/430 were in documen-
tation from school and 23/430 in documentation from habilita-
tion; habilitation services were involved for a shorter period of
time than health care or school services. While most codes related
to body function components, many codes also related to activity,

participation, and environment, especially among problems docu-
mented by health care services and school professionals.

Peter exemplifying atypical patterns of problems

Peter was also diagnosed at pre-school age and treated with sur-
gery, chemotherapy and radiotherapy. He presented an atypical
pattern of problems in relation to the distribution of codes in all
children described in Table 1. Documentation spanning seven
years from preschool to compulsory school were collected. In
Peters case, a distribution of 396 ICF codes were identified, 15
codes related to body structure were excluded from the final sam-
ple. There were 26/396 codes related to participation. Activity
accounted for the greatest proportion of codes 153/396 which
was a marked deviation relative to the other children’s codes.
Body function were the most frequently identified codes 172/396,
which was a lower proportion compared to the other children.
The proportion of environmental codes 45/396 resembled the
group median. Most problems (359/411) were detected in health
care documents while problems identified in habilitation (27/411)
and school (25/411) documents were relatively sparse.

Using the CPS model to explore explanations for problems with
participation

The results of the analysis to identify typical and atypical patterns
of co-occurring problems with everyday functioning exposed
Alice and Peter’s considerable problems with participation in
school. Thus, we explored if the CPS model could be used to

Table 2. Code distribution in relation to median for each of the children.

Child 1 2 3 4 Alice 5 6 7 Peter 8 9 Median

Body function � þþþ – ± – þþþþ — þþþ þþþþþ 55.8 (41.9–77.3)
Body structure þ � � ± þ þþ ± � þþ 3.7 (1.4–9.4)
Activity þþþ – � ± þ � � þþþþþ ± – 16.3 (10.5–37.2)
Participation � ± þ þ þ � � � þ – 9.6 (1.6–13.7)
Environment � ± þþ þ þ � � þ – – 10.0 (1.2–20.1)

Number ofþ and � symbolize the deviations in ICF components for each child compared to the median proportions for the group. Similar patterns ofþ and – dis-
play typical pattern of problems and less differed relative to the group display an atypical pattern.

Table 1. The most frequently linked ICF codes within components.

ICF Chapter and number of codes within N¼ 4543 ICF code Number

Body function n52882
b1 Mental Functions b130 energy and drive functions n¼380

b140 attention functions n¼137
b144 memory function n¼177

b2 Sensory Functions and pain b280 sensation of pain n¼188
b7 Neuromusculoskeletal and

movement related functions
b730 muscle power functions n¼188

Body structure n5193
s1 Structures of the nervous system s110 structure of the brain n¼120

Activity n5776
a1 Learning and applying knowledge a166 reading n¼74
a2 General tasks and demands a210 undertaking a single task n¼98

a230 carrying out daily routine n¼107
a4 Mobility a440 fine hand use n¼59

Participation n5370
p5 Self-care p550 eating n¼33
p7 Interpersonal interactions and relationships p750 informal social relationships n¼78
p8 Major life areas p820 school education n¼121

Environmental factors n5322
e3 Support and relationships e310 immediate family n¼69

e330 people in positions of authority n¼57
e5 Service, systems and policies e585 education and training services, systems and policies n¼20
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identify plausible explanations for both children’s problems with
participation in school.

Plausible explanations for alice’s problems with participation
in school

Alice problems with participation in school (p820) co-occurred
with problems with daily routines, problems with carrying out
tasks, problems with basic learning activities, problems with
vision-demanding activities and moving around, and problems
with interpersonal relationships.

Problems with daily routines linked to school
One plausible explanation for Alice’s problems with participation
in school were her problems with carrying out daily routines
(a230) and managing one’s own behavior (a250). Alice had difficul-
ties with medication adherence, completing homework and arriv-
ing late to school or missing school due to staying up too late.
Another plausible explanation for Alice’s problems with participa-
tion in school were her problems with sleep functions (b134). She
had difficulty falling asleep in the evenings and with waking in
the night, which contributed to problems with energy and drive
functions (b130). Alice therefore had difficulty getting up in the
mornings due to tiredness and needed to rest or sleep
after school.

Problems carrying out tasks in school
Plausible explanations for Alice’s problems carrying out tasks in
school included problems with focusing attention (a160) and
directing attention (a161). Alice had documented difficulties per-
ceiving context and listening to instructions without interrupting
or forgetting what she was told to do. Alice’s problems with focus
and attention might also explain her documented difficulties
undertaking a single task (a210) without assistance. Plausible
explanations could also be found in codes within the body func-
tion component, where Alice had documented problems with
memory functions (b144) as she could not remember content cov-
ered previously. Furthermore, documentation revealed plausible
explanations for participation problems in the environment com-
ponent - Alice had documented problems related to sound (e250)
in the classroom. Her sensitivity to auditory stimuli, for example,
led to disrupted focus on reading tasks.

Problems with basic learning activities in school
Several plausible explanations emerged related to Alice’s prob-
lems with basic learning activities in school. For example, Alice
had documented problems acquiring concepts (a137), displayed
by delayed development of vocabulary and word mobilization.
Alice also had documented difficulties learning to read (a140),
which could explain her difficulty with maintaining flow of read-
ing a text; reading (a166). Writing (a170) was also a documented
problem for Alice, specifically writing capital letters, remembering
to put periods at the end of sentences, and staying on topic.
Furthermore, Alice had difficulty calculating (a172), understanding
arithmetic, and telling time using a clock. The documentation also
revealed plausible explanations related to communication with-
receiving-spoken messages (a310), described as Alice having diffi-
culty with phonological word flow, retelling, explaining what she
meant and producing words.

Problems with vision-demanding activities and moving around
in school
Documented problems with Alice’s vision also provided plausible
explanations for problems with participation in school. For
example, Alice had documented difficulty running during physical
education (PE) due to visual impairment, unstable gait and fre-
quent stumbling. These problems had bodily explanations related
to seeing functions (b210) and functions of structures adjoining the
eye (b215). Alice had impaired visual fields resulting in difficulty
catching balls in PE and performing other tasks that required
both peripheral and central vision. Plausible explanations related
to Alice’s school environment include inattention to people in
positions of authority (e330) and individual attitudes of friends
(e420) concerning the appearance of Alice’s eyes and her gaze.
Documentation also noted Alice’s problems watching movies in
the classroom even if placed up front, which related to problems
with products and technology for education (e130).

Plausible explanations for Alice’s documented problems with
moving around include impaired balance as Alice stumbled and
was uncoordinated, as shown by codes for involuntary movement
reaction functions (b755), control of voluntary movement functions
(b760), and sensation related to muscles and movement func-
tions (b780).

Other plausible explanations for Alice’s problems participating
in vision-demanding activities, as well as moving around at
school, related to the natural environment and human-made
changes to environment, other specified (e298), documented as dif-
ficulty walking on uneven surfaces due to visual impairment.

Problems with interpersonal relationships
One plausible explanation for Alice’s problems with participation
in school was her problems with interpersonal relationships both
within and outside of her family – temperament and personality
functions (b126). This was shown by the documentation of Alice
“ruling” over her family, (e310). The documentation showed that
her parents had difficulty setting boundaries for Alice’s behavior
and daily routines such as coming in time to school, because they
felt sympathy for Alice being “sick” and worried about her
tumor recurring.

Other plausible explanations for Alice’s problems with interper-
sonal relationships are problems managing (her) behavior (a250).
The documentation revealed that instructions from peers during
play, and by their expectations about taking turns and compro-
mising caused Alice to easily get upset. This problem can also be
plausibly explained by her temperament and personality functions
(b126). An example of this is Alice’s being stubborn and deter-
mined, and in a moody and uncooperative state, especially when
“uncomfortable” things came up during interactions with peers.
Plausible explanations related to the environmental component
include attitudes of friends (e420), documented as reports that
friends were not nice to her in play during breaks and by insuffi-
cient education and training services, systems, and policies (e585),
documented as parents’ concerns about lack of action by school
professionals, despite multiple meetings.

Plausible explanations for peter’s problems with participation
in school

Peter’s problems with participation in school (p820) co-occurred
with problems with basic learning activities, which led to difficul-
ties achieving educational goals in some subjects.
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Problems with basic learning activities in school
Possible explanations for Peter’s problems with participation in
school were problems with basic learning activities. The documen-
tation showed problems with reading (a166), writing (d170) and
fine hand use (a440). Peter’s problems related to reading were
described as difficulty with decoding words, reading speed and
understanding the text. Peter had difficulty writing on paper and
at the computer. The problems with reading and writing contrib-
uted to problems handling stress and other psychological demands
(a240). Peter cried about having to write and that completing his
homework took a lot of time, which meant less time with friends.
These problems had possible bodily explanations within psycho-
motor functions (b147) in that Peter was described as being low
in cognitive processing speed. Environmental explanations for
Peter’s problems with basic learning activities related to people in
position of authority (e330), where professionals in habilitation ser-
vice had documented problems that should have been addressed
in school, but were not. School staff did not encourage Peter to
use the technical aids provided by school and habilitation nor did
teachers collaborate to assist him, which relates respectively to
products and technology for education (e130) and to education and
training services, systems and policies (e585). Environmental explan-
ations also related to Peter’s immediate family (e310) in that the
school’s lack of engagement in Peter’s problems led to parents
placing excessive demands on him regarding homework.

Discussion

Children in the study sample displayed various patterns of co-
occurring problems based on code proportions relative to ICF
component median values. The fact that several patterns are also
found within this small sample, stress the importance of looking
at individual patterns when assessing and intervening for every-
day functioning across both home/family, leisure and school envi-
ronments. The variability in patterns highlights the importance of
investigating how co-occurring problems affect the child’s partici-
pation in everyday life on individual level, as illustrated by the
two exemplar cases. Patterns of co-occurrence can inform hypo-
thetical explanations for the child’s diminished functioning related
to activity performance, physical-, psychological- and environmen-
tal factors. As argued by Rusk et al. [39], problems with everyday
functioning tend to have multiple causes. If interventions target
too few of the causes, treatment effects are unlikely to be sus-
tained over time. Moreover, improvements may not lead to mean-
ingful differences in the child’s ability to participate in everyday
life. Long-term complications among children treated for brain
tumors are usually presented on a group level and in relation to
tumor type and treatment exposures, including risk for secondary
health conditions and poorer quality of life compared to healthy
age peers [13,17]. However, these group patterns do not consider
the similarities and differences within the individual child’s pattern
of problems and seldom illustrate the critical role that the child’s
environments play in activity limitations and participation restric-
tions. As proposed by Wallander [37] as early as 1998, children
with different types of disorders share difficulties with everyday
functioning. Thus, interventions have to be designed to address
the child’s pattern of problems in activity and participation, in
addition to medical problems such as features of the tumor and
of the medical treatment.

The results of the current study showed that Alice and Peter
both experienced school-related problems. Problems reaching
educational goals after treatment for a brain tumor is consistent
with earlier Nordic studies that found that children treated for

brain tumor had poorer grades than healthy peers [45–47]. The
reasons for poorer grades include problems with daily routines
leading to late arrival or absence from school [48]. Another
explanation, also seen in the exemplar cases, related to late bed-
time or disrupted night-sleep at home, leading to tiredness [49].
Daytime sleepiness is a feature of the “cancer-related fatigue” that
commonly occurs in cancer populations, particularly those treated
for a brain tumor [12], and has consistently been associated with
poorer quality of life [50,51]. Documentation directly investigating
how impaired sleep and tiredness are related to school achieve-
ment should be of concern for families and professionals [52].

While children typically view re-entry to school after treatment
completion with positive feelings related to reconnecting with
friends and participating in school activities [53], symptoms like
tiredness can led to absenteeism. School staff may tolerate absen-
teeism given the child’s medical history, although Swedish law
requires school age child to regularly attend school. Irregular
school attendance presents challenges for the development of
individual educational plans and, perhaps more importantly, peer
relationships. Peer relationships serve as a link between out of
school contexts like family and school. School staff must involve
not only the child but also the family in the process of school re-
entry. Engaged parents with knowledge of strategies which sup-
port their child in daily processes and school issues (e.g. learning
tools, educational resources) can enhance the child’s developmen-
tal progress and school functioning [54]. This study illuminates
the need for collaboration among the child and family, health
care, habilitation and school. Collaboration is a prerequisite to
obtaining a comprehensive view of the child’s co-occurring prob-
lem patterns and to establish priorities for orchestrated complex
interventions that target body function, activity and environment.
Collaboration will ultimately support the child’s educational
achievement and overall wellbeing.

Children’s cognitive functioning is closely linked to educational
achievement [55]. In the present study, Alice and Peter both had
difficulty with basic learning (reading, writing and math) and with
executive functions. Problems with remembering appointments or
the steps in a task were highlighted, as were problems with pay-
ing attention to instructions and regulating behavior to task.
These challenges for children with brain tumors are consistent
with the literature [56,57] and indicate a need for adapting learn-
ing activities to the cognitive functioning of the individual child.

The child’s environment interacts with overall functioning to
influence the child’s activity performance and participation in
everyday life. The results of this study show that problems
detected in the environmental component were related to bar-
riers restricting the child’s capacity for key functions of everyday
life, such as carrying out daily routines. Some children may need
environmental support, e.g. social scripts, to carry out daily rou-
tines. Furthermore, parents worry about tumor recurrence and
sympathy for the child, may lead to challenges setting expecta-
tions and boundaries for the child’s behavior. Parents of children
treated for cancer experience challenges creating a new normal
that acknowledges both the possibility of recurrence and hope
for a full life [21,58]. Environmental problems related to the
school system, use of individualized supports (e.g. use of adapted
material, individualized schedule) and attitudes of school staff and
friends, were also highlighted.

In this study, Alice (the child with typical patterns of co-occur-
ring problems) displayed problems with social interaction, felt
lonely and had no friends to engage in play in school.
Explanations found in documentation describing the child’s
behavior as “ruling”, being stubborn and moody with peers.
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Similar behaviors have been described in previous studies report-
ing poor social relationships among children treated for brain
tumors [59]. The results of neuropsychological assessments by
training health professionals can help school staff understand
how the child’s cognitive functioning can affect their social inter-
actions and pinpoint strategies designed to mitigate risk for social
isolation [59]. However, these kinds of interventions demand that
assessments include the school environment and the child’s social
interactions and not only neuropsychological assessment of the
child. These additional assessments are necessary to determine
how to best manage problems with cognitive functioning given
the context. Additionally, interactions in the family environment
should be discussed with child and the family. Earlier findings
highlight that the child’s behavior can generate conflicts within
the family, more specifically between child-parents and child-sib-
lings [21]. Therefore, parents and children may need assistance
transitioning to life after the cancer, where parental distress fre-
quently concerns navigating child-parent conflicts and conflicts
between siblings [60].

The collaborative problem-solving model was applied to the
current study with the intention to identify patterns of co-occur-
ring problems within activity, body function and environmental
areas, that might explain the problems with participation. The
problems with activity, body and environment are thus consid-
ered as being plausible explanations to participation problems. If
professionals in health care, habilitation and school define prob-
lems based solely on the focus of their discipline, the overall pat-
tern of the child’s everyday functioning in context may be
overseen. Therefore, supportive care following the ending of a
cancer directed treatment should be individually tailored to indi-
vidual needs based on experienced everyday problems, in context
[55]. A comprehensive view of the child’s everyday problems
requires that the child, parents, and school staff are involved in
defining the problems before detailing an intervention based on
the child’s experienced problems. That will enhance the child’s
health and wellbeing as well as inclusive education with lifelong
learning, which is in line with the UN0s declaration on the rights
of the child [1] and the sustainable developmental goals
2030 [61].

This study is based on an analysis of child problems docu-
mented in medical, habilitation and school records rather than
soliciting child-reported experiences. This approach raises the
question of whether children’s voice were considered and the
extent of their involvement in the collaborative problem-solving
process. Studies based on growth curve modelling by Dunst and
his colleagues [62,63] show that families report higher wellbeing
and better child functioning when they have collaborated with
professionals in a family centred fashion. This type of approach
includes active involvement of child and parents throughout the
process, from defining and prioritizing among problems evaluat-
ing the effects of interventions on individual and family function-
ing and wellbeing [62]. In a Swedish study, Huus et al. [64]
reported that parents of children with mild intellectual disability
who rated the support from social and habilitation services as
very useful, also rated a lower need for support and higher
parenting self-efficacy. To further conclude from Dunst et al. [62]
it seems like child and care-provider involvement in the interven-
tion development process improves the feasibility and acceptabil-
ity of the intervention to them. This in turn improves enactment
of the intervention and ultimately the effects on wellbeing. The
identified patterns in the present study, describing co-occurring
problems across ICF domains, indicate that the CPS model might
provide a framework for obtaining a comprehensive view of the

problems experienced by children who have completed treatment
for brain tumor. Application of the CPS model should begin with
problems with participation, that is, contextualized descriptions of
problems with everyday functions. This everyday perspective is
where children and families are the experts. The combination of
the use of ICF and CPS framework were used in this study to
explore the possibility of using them together in future research
that involves children in identifying and prioritizing problems, and
then generating methods to increase their participation in every-
day life with the support of caregivers and other stakeholders.

Methodological considerations

This study selected two children from the study sample as exem-
plars of typical and atypical patterns of co-occurring problems.
The sample included children of various ages who underwent
treatment of different types of brain tumors. Overall treatment
was intensive in that all of the children were treated using at least
two modalities, and the children were diagnosed and treated dur-
ing their pre-school years; these factors placed the children at
heightened risk for future problems with participation in daily life.
The children came from a geographically wide ranging area of
Sweden that included urban and urban-rural areas, which facili-
tates generalization of the results. While other high-income coun-
tries may currently use different guidelines for long-term follow
up care and documentation in service records, harmonization
efforts are underway.

The positioning of a child’s pattern of problems as typical or
atypical based analyses of documentation in records for nine chil-
dren must be considered. The study findings illustrate similarities
and differences in the pattern of co-occurring problems on indi-
vidual child and group levels. Each child’s problem pattern is
unique to that child. However, the analyzed documents describe
results of standardized psychometric assessments and professio-
nals’ interpretations of caregiver/child descriptions. Thus, the cir-
cumstances in the environments around the child are missing and
documentation in the child’s records might not fully capture the
child’s experience with everyday life. Moreover, documentation in
records does not ensure representation of the child’s voice. Earlier
studies testify that professionals are hesitant to document sensi-
tive psychosocial issues in the child’s records [65], and prefer to
transmit this type of information verbally [66]. Bear in mind that
the main purpose of professional’s documentation is to capture
information to inform the child’s care, and, in some countries, jus-
tify billing, not for research. Nevertheless, documentation con-
veyed the focus and outcomes of encounters between the child,
their parents and professionals involved in the child’s care. The
authors (A-CB & MB) extensive experience in caring for children
with cancer may have interpreted identification of problems in
the documents and code linking of text. The coding and linking
process was time- and labor intensive, which complicates the
feasibility of ICF implication in larger samples and in clinical are-
nas and schools. However, the analytic process was discussed
with all co-authors, two of whom (LD & SJS) also have substantial
expertise in comprehensive care and research of children diag-
nosed with cancer and their families.

Conclusion

This study illustrates the complexity of problems seen in children
following successful completion of treatment for brain tumor.
Similarities and differences are seen within and between patterns
of co-occurring problems at group level. This complexity requires
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that professionals carefully reflect on each child’s unique pattern
of problems with participation in daily life and how various prob-
lems co-occur. Using ICF in combination with CPS provides a
more comprehensive view of the child’s problem with participa-
tion, which can then be prioritized and targeted with multiple
component interventions.
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