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Abstract

Background: To reduce the burden of completing Patient-Reported Outcome Measures (PROMs), PROMIS®
Computerized Adaptive Tests (CATs) are being implemented in pediatric clinical practice. We aimed to develop
recommendations for visual feedback options for PROMIS CATs on individual item and domain score level as an
evidence-based feedback recommendation for PROMIS CATs is lacking.

Methods: Focus groups were held with clinicians who use the KLIK PROM portal. Literature-based feedback options
were provided to initiate group discussion. Data was analyzed using thematic coding method. Additionally, a
questionnaire was sent out to assess patients’ (12-18y) and parents’ (child 0-18y) preference for individual item
feedback. Data was analyzed using descriptive statistics.

Results: Six focus groups were held (N = 28 clinicians). Regarding individual item feedback, showing the complete
item bank, with only responses to administered items in traffic light colors was preferred. For domain scores, line
graphs were preferred, including numerical (T-)scores, reference and cut-off lines, and traffic light colors. Separate
graphs per domain, ranked in order of importance and harmonization of directionality (‘higher = better’) were
considered important. Questionnaire results (N = 31 patients/N = 131 parents) showed that viewing their own item
responses was preferred above receiving no item feedback by 58.1% of the patients and 77.1% of the parents.

Conclusions: Based on the outcomes and after discussion with the Dutch-Flemish PROMIS National Center,
recommendations for PROMIS CAT feedback options were developed. PROMIS CATs can now be used in clinical practice
to help clinicians monitor patient outcomes, while reducing the burden of completing PROMs for patients significantly.

Keywords: Visual feedback, Patient reported outcome measures (PROMs), Patient-reported outcomes measurement
information system (PROMIS®), Computerized adaptive testing (CAT), Clinicians, Pediatric patients and parents

Background
With the systematic use of Patient Reported Outcome
Measures (PROMs, questionnaires measuring the pa-
tients’ view of their health status) in the consultation
room, symptoms, physical and psychosocial functioning
of patients can be monitored and discussed. When ne-
cessary, interventions can subsequently be offered timely

[1, 2]. The use of PROMs in clinical practice has been
shown beneficial as it resulted in increased discussion of
patient outcomes and enhanced patient-clinician com-
munication [3, 4], higher patient satisfaction [2], better
Health Related Quality of Life (HRQOL) [5], and im-
proved treatment outcomes including survival [5, 6].
Even though PROMs are increasingly used in clinical

practice, several challenges with PROMs have been iden-
tified (van Muilekom, M. M., Teela, L., van Oers, H. A.,
Grootenhuis, M. A., & Haverman, L: Patients’ and par-
ents’ perspective on the implemented KLIK PROM por-
tal in clinical practice, unpublished) [7–9]. For example,
available PROMs are often considered burdensome due
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to questionnaire length and irrelevancy and repetitive-
ness of questions. Additionally, when patients have mul-
tiple chronic conditions and thus have to complete
PROMs for multiple diseases, scores of these PROMs
cannot be compared due to different scoring methods.
To overcome these challenges and harmonize all exist-

ing PROMs into one assessment system, the Patient-
Reported Outcomes Measurement Information System
(PROMIS®) was developed by a consortium of US re-
search centers, together with the National Institute of
Health [10, 11]. PROMIS is a generic measurement sys-
tem, consisting of various item banks, for adults and
children, that measure separate domains representing
physical, mental and social health (e.g., depression, pain
interference) [12]. The item banks are based on Item Re-
sponse Theory (IRT) modelling, where items are ordered
by their difficulty and discriminative ability and scaled
onto a single metric, which enables Computerized Adap-
tive Testing (CAT). With CAT, items are presented to
patients based on responses to previously administered
items. The computer estimates the domain score after
each item, and when this score reaches a pre-defined
precision, the CAT stops. Hence, patients only need
to answer a small number of items (usually 5–7) per
PROMIS item bank to get an accurate and reliable T-
score [13]. Responses to remaining, non-administered
items can be predicted (predicted responses) using
the IRT model.
To facilitate the use of the PROMIS item banks in

clinical practice in the Netherlands, a large number of
PROMIS item banks were translated into Dutch-Flemish
and validated [8, 14–16]. In 2019, the Dutch-Flemish
pediatric PROMIS item banks were implemented in the
Netherlands through the KLIK PROM portal [17–19],
after linking KLIK to the Dutch-Flemish Assessment
Center to enable CAT [20]. KLIK is an online portal
(www.hetklikt.nu or www.klik-uk.org) where patients
and/or caregivers complete PROMs regarding symp-
toms, HRQOL, physical and psychosocial functioning.
Responses are visualized in the KLIK ePROfile, on indi-
vidual item level (with traffic light colors: green – no
problems, orange – some problems, red – many prob-
lems) and domain score level (with graphs including a
reference line) [20] (Fig. 1). It is essential that this visual
feedback is easy-to-understand, as clinicians subse-
quently need to interpret the scores of different PROMs
and discuss the feedback with the patients during con-
sultation. However, for PROMIS CATs, new visual feed-
back options for the KLIK ePROfile are required, as an
evidence-based feedback recommendation for PROMIS
CATs is lacking.
Until now, several studies have investigated the visual

feedback of PROMs in general, and current knowledge
has been summarized [21, 22]. Two studies in an adult

oncology and rheumatology setting showed that individual
item feedback immediately attracts clinicians’ attention to
specific problems, especially when using colors [23, 24].
Regarding domain score feedback, line graphs were most
preferred to show change over time [25–31]. However,
bar charts, tables or textual reports might be good alterna-
tives [30, 32–34]. Meaningful descriptive labeling of axes,
harmonization of directionality (higher is better: upward
trend indicates better functioning), highlighting deviating
results with colors and inclusion of a reference population
were all identified as important aspects of visual feedback
[27–30, 35, 36]. Concerning feedback of PROMIS specific-
ally, some studies have described how they visualized
PROMIS domain score (T-score) feedback when using
PROMIS item banks in adult orthopedic, oncology, car-
diac and gastrointestinal clinical practice [21, 37–40],
where line graphs including reference to a norm popula-
tion [21], textual reports of T-scores [21, 38], symptom
cards [39] and heat maps [37, 40] were used. Showing T-
scores in order of importance, with the most deviating T-
score first, was described to be helpful in two studies [39,
40]. Only one study in adult orthopedic care provided in-
dividual item feedback of PROMIS CATs to patients and
clinicians, but they did not explore preferences of their
participants regarding this feedback [37].
To conclude, several studies have investigated feed-

back of PROMs in general and some described how they
provide feedback when using PROMIS item banks in
clinical practice. However, to our knowledge no studies
were performed that explored preferences for PROMIS
CAT feedback specifically. Thus, more insight is needed
into optimal PROMIS CAT feedback and, therefore, this
study aimed to develop recommendations for individual
item and domain score feedback for PROMIS CATs.

Methods
Design
A mixed method design was used by combining qualita-
tive and quantitative methodologies in two steps: 1)
Focus groups with clinicians and 2) a questionnaire for
pediatric patients and their parents. This study was ap-
proved by the Medical Ethics Committee of the
Amsterdam University Medical Centers (Amsterdam
UMC), location AMC. Informed consent was obtained
from all participating clinicians and patients/parents.

Participants and procedure
Focus groups
Participants were recruited between September and No-
vember 2018 using a purposive sampling method. The
aim was to include clinicians from diverse disciplines
(e.g., physicians, psychologists, social workers) who use
KLIK in the Emma Children’s Hospital Amsterdam
UMC or Princess Máxima Center. An invitation e-mail
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Fig. 1 Current PROM individual item (1a) and domain score (1b) feedback in the KLIK ePROfile
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(explaining the goal of the study and including optional
data for focus groups) was sent to all clinicians and a re-
minder e-mail was sent to clinicians who had not
responded after 3 weeks. Interested clinicians could
reply to the email and sign up to participate. Thereafter,
clinicians were allocated to one of the focus groups,
where ideally three to six participants [41] and a mix of
different disciplines was pursued. All applicants from the
Princess Máxima Center were admitted to one focus
group during their standard multidisciplinary meeting in
their own center due to limited time.
Focus groups consisted of a group discussion guided

by two moderators (MMvM and MAJL) using a topic
guide in PowerPoint. Both moderators were trained in
performing focus groups. First, a short recapitulation of
KLIK and the current PROM feedback options was pro-
vided. Thereafter, PROMIS and the principles of CAT
were explained, enabling clinicians to understand why
new feedback was necessary. To obtain clinicians’ input
on PROMIS CAT feedback, four options for individual
item and five options for domain score feedback were
shown, based on or adapted from previous studies [39,
42–44]. Questions were provided to clinicians (‘What
appeals to you in this option?’, ‘What do you miss in this
option?’) to initiate the discussion about the feedback
options (e.g., including predicted responses for non-
administered items and providing reference lines). Fur-
thermore, clinicians were asked to describe their optimal
feedback option. The duration of each focus group was
approximately 90 min. All focus groups were audio
recorded.

Questionnaire
To receive patients’ and parents’ opinion on PROMIS
CAT feedback, an online questionnaire was sent out be-
tween June and December 2019. All patients (12–18
years) and parents (of children 0–18 years) who use
KLIK as standard part of care in the Emma Children’s
Hospital Amsterdam UMC, completed KLIK PROMs at
least once, and were part of the KLIK panel (during
registration on the KLIK PROM portal they could indi-
cate they were willing to participate in research projects)
were invited by email (Fig. 2). Participants completed
the questionnaire anonymously. Three reminder emails
were sent over the course of 6 months to patients and
parents who had not yet completed the questionnaire.
All patients and parents provided informed consent and
received a gift card after participation.
The questionnaire (separate versions for patients and

parents) was developed as part of a larger study that
aimed to assess KLIK users’ opinion about several as-
pects of the KLIK PROM portal. Three questions were
included in this study that focused on the feedback of
PROMIS CATs. Only questions about individual item

feedback could be asked, as patients and parents cur-
rently do not receive domain score feedback in their
KLIK ePROfile. A short explanatory text about the
working mechanism of PROMIS CATs was provided
after which the following three questions were asked: 1)
‘Would you like to see your responses in the KLIK
ePROfile?’ (yes/no), 2) ‘Would you like to see all items
of the item bank in the KLIK ePROfile?’ (yes/no), and 3)
‘Which of the two figures provided would you like to see
in the KLIK ePROfile?’ (option 1/option 2, Fig. 3). For
every question there was the possibility to add an ex-
planation or provide additional remarks.

Analyses
Focus groups
Audio recordings were transcribed verbatim (and data
was anonymized) and two authors independently read
and analyzed the transcripts with the qualitative data
analysis tool MAXQDA (2018) using a thematic coding
method [45]. Analyses included the following steps; 1)
marking parts of the transcript related to the subject
matter 2) generating initial codes to organize data into
meaningful groups, 3) searching for themes and collating
codes into the identified themes, 4) reviewing and refin-
ing themes into main themes and subthemes, 5) defining
the final themes.
After analyzing all transcripts independently, analyses

were discussed between two authors until consensus on
the themes was reached. Data saturation was considered
attained when, during analyses of the planned focus
groups, no new themes emerged. If new themes did
emerge, new focus groups would be planned until data
saturation was reached.

Questionnaire
Descriptive analyses (percentages yes/no or option 1/op-
tion 2) were performed on the three questions to gain
insight in participants’ preference for feedback of PRO-
MIS CATs by using the Statistical Package for Social
Sciences (SPSS) version 25.0.

Development of recommended feedback options for
PROMIS CATs
After analyzing the results of the focus groups and the
questionnaire, a preliminary recommended individual
item and domain score feedback option was developed.
Thereafter, these feedback options were discussed with
the Dutch-Flemish PROMIS National Center and an ex-
pert on data visualization was consulted, to develop a
final recommendation for feeding back PROMIS CATs
on individual item and domain score level.
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Results
Focus groups
In the upper part of Fig. 2 the study and participant flow
chart of the focus groups is shown. In total, 28 clinicians
participated in six focus groups (response rate: 22.4%).
Characteristics of clinicians are shown in Table 1. On
average, clinicians used KLIK for 5.2 years (range: 0.3–
7.4). The majority of clinicians worked in the Emma
Children’s Hospital (64.3%) and most clinicians were
employed as medical doctor (60.7%) or psychologist
(28.6%). Data saturation was attained as no new themes
emerged after analyzing the final planned focus group.
Table 2 shows the most important themes and corre-
sponding examples of statements expressed by clinicians
about individual item and domain score feedback of
PROMIS CATs.

Individual item feedback
In all focus groups clinicians indicated that feedback of
individual items is essential for the use of PROMs in
clinical practice. Clinicians use the items to start a dia-
logue (as a conversation tool), to understand the domain
scores that are provided and to discuss specific prob-
lems. Therefore, it was important for them to obtain in-
dividual item feedback for PROMIS CATs.
Even though with PROMIS CATs not all items are ad-

ministered to patients, it was important for clinicians to
have the possibility to see all items of the item bank in
the feedback. According to the clinicians, the responses
to the completed items in the CAT should be fed back,
preferably in traffic light colors, where items on which
no problems are reported are shown in green, items on
which some problems are reported are shown in orange

Fig. 2 Study and participant flow chart of the qualitative (focus groups) and quantitative (questionnaire) study
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and items on which many problems are reported are
shown in red. In this way clinicians can quickly see if
the patient has problems with certain symptoms or as-
pects of their daily functioning. The option to include
predicted responses in the feedback (which is possible
using the IRT model) for non-administered items, was
unanimously rejected. Reasons were that predicted re-
sponses are not recognizable for patients and can be
confronting and confusing. A suggestion provided by

clinicians was to leave blank spaces at items that were
not administered. Over time, clinicians can then easily
see which items were administered with every CAT
completion.

Domain score feedback
Regarding the domain score feedback of PROMIS CATs
it became clear, by discussing the several options pro-
vided, that clinicians had a preference for graphical over

Fig. 3 Two options of individual item feedback shown to patients and parents in questionnaire

Muilekom et al. Journal of Patient-Reported Outcomes            (2021) 5:55 Page 6 of 14



textual options. Graphs were seen as clearer and easier
to interpret, and the option to show domain scores lon-
gitudinally in one graph was desired.
A large majority of clinicians preferred to see the do-

main scores over time in graphs as dots connected with
lines, though for a few clinicians this connection did not
matter, as long as there was a graphical feedback option.
According to the clinicians, the numerical domain (T-
)score should be shown with each dot, as these scores
help improve the interpretation of scores and can be
easily included in the health record. In addition to the
individual patient’s domain scores, inclusion of a refer-
ence line was valued by all clinicians, in order to make a
comparison with a reference group. To be able to judge
the severity of scores deviating from the reference line,
several options were discussed, for example showing the
dots in traffic light colors or adding cut-off lines in traffic
light colors indicating subclinical (moderate deviation
from norm) or clinical (severe deviation from norm)
scores. An additional suggestion provided by clinicians,
was to give areas in the background of the graph traffic
light colors (similar to a heat map), in accordance with
the cut-off lines, and the dots of the domain scores in
neutral colors. Although at first participating psycholo-
gists thought that the use of colors was confronting for
patients, they later agreed that it is useful to quickly as-
sess if a patient deviates from the reference group.
As PROMIS measures domains on similar scales (T-

score metric), it is possible to display multiple domain
scores in one graph. However, this was considered
unclear and difficult to interpret. Clinicians preferred
separate graphs per domain, all shown on one page,
and if possible ranked in order of importance. They
indicated that graphs where the most deviating scores
were found on a domain should be presented first, by

which clinicians can easily see which domains need
most attention. The last topic that came up was the
directionality of lines. A large majority of clinicians
indicated that it is important for them to harmonize
the directionality in all graphs. They preferred to see
lines where an upwards trend represents an improve-
ment in functioning (higher is better). To do this,
they suggested to reverse the scale on the y-axis for
some domains (e.g., for anxiety, where higher scores
indicate higher anxiety levels).

Questionnaire
In the lower part of Fig. 2 the study and participant flow
chart of the questionnaire is presented. In total, com-
pleted questionnaires of 31 patients (response rate:
21.8%) and 131 parents (response rate: 19.7%) were
analyzed. Since participants completed the questionnaire
anonymously, no information on sociodemographic
characteristics of participants was available, nor informa-
tion about the non-participants. Table 3 shows the re-
sults of the questionnaire for both patients and parents.

Patients (12–18 years)
The majority of patients (58.1%) indicated they would
like to see their item responses fed back in the KLIK
ePROfile, as they provide clarity and insight into their
functioning. Less than half of the patients (41.9%) would
like to see all items of the item bank. In their opinion
the not completed items were unnecessary to show. Fi-
nally, 51.6% of the patients preferred not to see pre-
dicted responses (option 1). As an explanation for this
choice, patients mentioned that option 2 was very un-
clear and contained too many details.

Parents
Most parents (77.1%) preferred to see their responses to
the items. An explanation for this preference was that
these provide insight into the functioning of their child,
especially when the responses of several measurement
occasions are shown. In accordance with patients, less
than half of the parents (42.0%) would like to see all
items of the item bank, as they think that viewing the
not completed items is not of added value. The majority
of parents (74.4%) preferred not to see predicted re-
sponses (option 1). Explanations were that option 2 was
too complicated to read and contained too many details
which makes the option unclear.

Recommended feedback options for PROMIS CATs
Based on the outcomes of the focus groups and question-
naire a preliminary recommended individual item and do-
main score feedback option was developed (Fig. 4).
Regarding individual item feedback, all items of the item
bank are shown (based on the preference of clinicians),

Table 1 Characteristics of participating clinicians in six focus
groups

Participants (N = 28)

M Range

KLIK user since (years) 5.2 0.3–7.4

N (%)

Hospital

Emma Children’s Hospital 18 (64.3)

Princess Máxima Centera 10 (35.7)

Discipline

Medical doctor 17 (60.7)

Psychologist 8 (28.6)

Nurse 2 (7.1)

Social worker 1 (3.6)

Note. aOnly 1 focus group (Focus group 6) was held in this hospital
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with the responses of patients shown in traffic light colors
and blank spaces at items that were not administered. Re-
garding domain score feedback separate graphs per do-
main are shown on one page. The graphs include dots

(with numerical domain (T-)scores) connected by a blue
line with a background in traffic light colors (heat map),
showing the deviation of the reference line in orange
(moderate) and red (severe). In addition, on the y-axis the

Table 2 Themes and examples found in focus groups

Feedback Themes Focus group
number

Examples

Individual
item

All items 3 “I would like to see all items in the feedback, as then there is the possibility to discuss also not
completed items.”

1 “For non-experienced clinicians who do not know the questionnaires it is nice to be able to see all
items.”

6 “Seeing all the items of the questionnaire provides the opportunity to use them as a conversation
tool.”

Completed items 2 “Only the responses to the items that the patient has completed should be fed back.”

5 “Feedback of the responses to the completed items provides the opportunity to start a conversation
with the patient.”

Colors 4 “The use of traffic light colors helps me in focusing quickly on what is important.”

6 “Seeing the traffic light colors is essential as it makes interpreting easy and simple.”

Predicted
responses

1 “The predicted responses provide too much information. If predicted responses are shown I would still
want to check them and adjust them if needed, which would cost me more time!”

2 “Feeding back predicted responses is very confusing for use in clinical practice, especially to discuss
them with the patient. Perhaps in research predicted responses might be useful.”

Domain
score

Dots or lines 5 “I think viewing lines between the dots that represent the domain scores for that time point is clearer
and interpretation is easier.”

Numerical
information

4 “If the numerical domain (T-)scores are provided in the graph, this is very useful. Especially, as you can
also use these scores in the report about the patient in the electronic health record.”

Reference line (and
cut-offs)

3 “A norm line makes the graph more insightful and clear.”

1 “It is relevant to see the cut-off lines as well, as with these lines you can judge if a patient has a sub-
clinical or clinical score.”

Colors 3 “The use of traffic light colors makes the graph easier interpretable and provides a quick overview of
how the patient is functioning.”

6 “When the domain scores or cut-off lines are shown in traffic light colors you can see how good or
bad the score of the patient is.”

2 “Another option is to show the background of the graph in traffic light colors, in accordance with the
cut-off lines, whilst showing the domain scores in a neutral color. In this way I can quickly see on
what level the patient is functioning.”

Combined or
separate graphs

1 “Separate graphs per domain are better, as the domains are so different from each other. Putting
them together in one graph would result in oversimplification of the findings.”

4 “It is more difficult to discuss the outcomes if they are all put in one graph.”

Order of
importance

2 “It would be very helpful if the graph where the most deviating domain score in the clinical direction
is found and thus needs most attention, is ranked in order of importance and is shown first.”

Directionality 4 “For me it is important that if several graphs are shown on one page that all lines are going in the
same direction.”

5 “I would prefer to see norm lines go up when functioning is better and go down when functioning is
worse. In other words, higher is better.”

Muilekom et al. Journal of Patient-Reported Outcomes            (2021) 5:55 Page 8 of 14



scales are reversely presented for some domains in order
to harmonize the directionality of the lines in all graphs
(higher is less symptoms or better functioning).
After discussion with the Dutch-Flemish PROMIS

National Center and consultation of a data visualization
expert, some adjustments were made and a final

recommendation was developed (Fig. 5). The most im-
portant adaptation is that a wider color-palette is used,
which was adjusted for people with color-blindness [46].
Additionally, for individual item feedback, colors are now
applied to the items based on the item location (difficulty)
in the underlying IRT model. For domain score feedback,

Fig. 4 Preliminary recommended individual item (4a) and domain score (4b) feedback of PROMIS CATs

Table 3 Questionnaire results for patients and parents

Patients Parents

Question N Yes (%) No (%) N Yes (%) No (%)

Would you like to see your responses? 31 18 (58.1) 13 (41.9) 131 101 (77.1) 30 (22.9)

Would you like to see all items of the item bank? 31 13 (41.9) 18 (58.1) 131 55 (42.0) 76 (58.0)

Option 1 (%) Option 2 (%) Option 1 (%) Option 2 (%)

Which of the two figures provided would you like to see? 31 16 (51.6) 15 (48.4) 129a 96 (74.4) 33 (25.6)

Note. a Two parents were excluded as they indicated in the explanation box that they did not understand the figures at all
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95% confidence error bars (included with the scores), an
extra cut-off line and y-axis labels (mild, moderate, severe,
based on deviation of the reference line) were added.

Discussion
To facilitate the use of PROMIS item banks in clinical prac-
tice, this study developed preliminary recommendations to
feed back PROMIS CATs, on individual item and domain
score level. Regarding individual item feedback, results dis-
played clinicians’ preference for showing all items of the
item bank. Both clinicians and patients/parents agreed that
only responses to administered items (in traffic light colors)
and no predicted responses for non-administered items
should be shown. Graphs were preferred for domain score
feedback, which should include dots connected by lines,
numerical domain (T-)scores, and a reference line. Deviat-
ing scores should be distinguishable by the use of cut-off
lines, dots or the background of the graph in traffic light
colors. Separate graphs per domain, ranked in order of im-
portance and harmonization of directionality (‘higher is bet-
ter’) were also preferred. To our knowledge, this was the
first study that developed feedback options of PROMIS
CATs, which is an important step for implementation in
clinical practice. Based on the results and after discussion

with the Dutch-Flemish PROMIS National Center, a final
recommended individual item and domain score feedback
option for PROMIS CATs were developed, which was also
implemented in the KLIK PROM portal. In this final ver-
sion color-blindness was taken into account for both indi-
vidual item and domain score feedback.
Individual item feedback was regarded as essential by

clinicians to discuss PROMs in clinical practice as items
can be used as a conversation tool and immediately at-
tract clinicians’ attention to problems, especially when
using traffic light colors. Patients and parents also pre-
ferred to see their responses on individual items in the
KLIK ePROfile. This finding is in accordance with previ-
ous studies on feeding back individual items of PROMs
in clinical practice [23, 24, 37].
There are two challenges regarding feeding back indi-

vidual items of PROMIS CATs. First, clinicians indicated
that they preferred the option to see all items of the item
bank, where both administered and non-administered
items are shown. Even though this option was appropri-
ate for pediatric item banks (maximum of 34 items per
item bank), which was the focus of this study, a chal-
lenge arises when individual items of adult PROMIS
item banks are to be fed back, as these item banks

Fig. 5 Final recommended individual item (5a) and domain score (5b) feedback of PROMIS CATs including recommendation boxes (5c) [47]
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sometimes consist of more than hundred items. A solu-
tion could be to only present the responses in traffic
light colors of the items that have been administered
over time, and not all items of the item bank. This might
also be an option for patients and parents, as they indi-
cated they do not necessarily want to see all items of the
item bank. For them there is the possibility in for ex-
ample the KLIK PROM portal to show an adjusted indi-
vidual item feedback option. The second challenge is the
use of traffic light colors for item responses. In the pre-
liminary individual item feedback option developed in
this study, colors were applied to item responses based
on the response category (i.e. responses “without
trouble” are always shown in green and responses “with
a lot of trouble” are always shown in red). An alternative
– implemented in the final recommendation – is to take
the item location (difficulty) of the underlying IRT
model into account. For example, the response “with a
lot of trouble” of a very ‘difficult’ item (e.g., “I could run
a mile”) may not necessarily indicate a problem and
would not be presented in red.
Regarding domain score feedback, a strong preference

of clinicians was found for graphs, as graphs can easily dis-
play longitudinal data, which was reported in previous
studies as well [21, 25–31]. All other options like tables,
textual reports or symptom cards were immediately dis-
carded, which is in contrast with earlier research [21, 30,
32–34, 37–40]. Reasons reported in the focus groups were
that these alternatives take more time to interpret, are
more difficult to discuss with the patient and cannot
present more than two measurement occasions without
losing overview. All other features that were reported as
important, e.g., reference to a norm group, highlighting
deviating results, harmonization of directionality and
ranking graphs in order of importance, are in accordance
with previous literature on PROM feedback [21, 27–30,
35, 36].
There are three challenges regarding domain score feed-

back. First, clinicians indicated they preferred to see a ref-
erence line in the graph, including cut-off points to judge
the severity of deviation. However, which reference line
and cut-off values should be fed back is a point of discus-
sion. They can be based on the US metric (reference score
of 50 and SD of 10) or based on the average scores of the
country-specific general population (reference score and
SD differ a little bit per item bank). Additionally, how
many cut-off points should be shown? And what labels
should be included? In the final recommended domain
score feedback option we chose to include the average
and SD of the general Dutch population. Three cut-off
points with labels ‘mild’, ‘moderate’ and ‘severe’ were
chosen (based on 0.5*SD, 1*SD, and 2*SD) in accordance
with the suggested score interpretations on the Health-
measures website (www.healthmeasures.net). However,

these cut-offs could be adapted once, for example, book-
marking study results (cut-offs based on patient input) are
available. Second, for the ranking of graphs in order of im-
portance, it should be further explored whether ranking
should be based on deviation of scores from the reference
group, on relevance of the domain for the patient or clin-
ician, or based on recent changes in scores. Third, no con-
sensus was reached in the focus groups on how to
indicate deviating scores (either dots, cut-off lines or back-
ground in traffic light colors). The background coloring
(heat map) with cut-off lines was chosen as final recom-
mendation, as this is easiest to comprehend and takes
least time to interpret. This point however, needs to be
discussed and evaluated again in the future.
There are some limitations to this study that should be

mentioned. First, the sample could be biased as both clini-
cians and patients/parents were KLIK users and they were
thus already used to the feedback that is currently pro-
vided for other PROMs. This might have influenced their
opinion about their optimal feedback option, which is vis-
ible in the similarities between the recommended feed-
back options and the feedback options used in KLIK.
However, as the findings are in accordance with previous
literature and as clinicians also came up with new import-
ant features that are currently not available in KLIK, it can
be assumed that the developed feedback option represents
the opinion of a wider audience. Second, the clinician
sample was somewhat skewed and consisted mainly of
medical doctors. However, this is representative of the dis-
ciplines that use KLIK in clinical practice, where medical
doctors are also the main user group. Only nurses were
relatively underrepresented. Third, response rates for the
questionnaire were low and only a small number of
pediatric patients participated. Even though reminder
emails were sent, future studies could consider to ap-
proach patients by telephone or emphasize the import-
ance of their participation more to increase the response
rates. Fourth, patients’ and parents’ perspectives were not
optimally taken into account by using a questionnaire
only. For example, it was difficult to explain the working
mechanism of PROMIS CATs to patients and parents in a
questionnaire and to verify their understanding of the
concept. Especially from the responses of patients in the
explanation boxes this lack of understanding was noticed,
and this might explain the non-conclusive results regard-
ing the questions about not answered items and predicted
responses. In addition, they could only provide their opin-
ion about individual item feedback, as domain score feed-
back is currently not shown to patients and parents in
KLIK. Since several studies have shown patients’ and par-
ents’ preference for viewing domain score feedback for
other PROMs [21, 25, 28, 29, 31, 32], we decided to in-
clude domain score feedback (without reference lines) for
patients and parents in KLIK in the near future. In future,
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preferably qualitative studies, the developed recommenda-
tions (especially the domain score feedback) should then
be discussed with patients and parents as well.

Conclusions
In conclusion, this study developed recommendations
for feedback options for PROMIS CATs. Based on the
preferences of clinicians and patients/parents and dis-
cussion with the Dutch-Flemish PROMIS National
Center, an individual item and domain score feedback
option were developed. In future studies, the current
recommendations should be investigated with clinicians,
patients and parents on interpretation accuracy and ef-
fectiveness in clinical practice. The availability of these
feedback options facilitates using PROMIS CATs in clin-
ical practice. With CAT, patients only have to complete
a small number of items per domain that are applicable
to their situation, which reduces the burden of complet-
ing PROMs significantly. For clinicians the developed
simple and clear feedback of PROMIS CATs might help
in monitoring and discussing patient outcomes, which
contributes to optimal care for patients.
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