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ABSTRACT
We describe the use of rapid cycle tests of change 
to pretest and develop a Carers Assistive Technology 
Experience Questionnaire for a survey of informal carers 
of persons with dementia. The Plan-Do-Study-Act (PDSA) 
cycle is a commonly used improvement process in 
healthcare settings. We used this method for conducting 
rapid cycle tests of change through cognitive interviews to 
pretest the questionnaire. The items for the questionnaire 
were developed based on an earlier systematic review and 
qualitative study. PDSA cycles were used incrementally 
with learning from each cycle used to inform subsequent 
changes to the questionnaire prior to testing on the next 
participant.
Design  Qualitative with use of cognitive interviews 
through rapid cycle tests of change.
Setting  UK.
Results  Nine participants were recruited based on 
eligibility criteria and purposive sampling. Cognitive 
interviewing using think aloud and concurrent 
verbal probing was used to test the comprehension, 
recall, decision and response choice of participants 
to the questionnaire. Seven PDSA cycles involving 
the participants helped identify problems with the 
questionnaire items, instructions, layout and grouping 
of items. Participants used a laptop, smartphone and/or 
tablet computer for testing the electronic version of the 
questionnaire and one participant also tested the paper 
version. A cumulative process of presenting items in the 
questionnaire, anticipating problems with specific items 
and learning from the unanticipated responses from 
participants through rapid cycle tests of change allowed 
rich learning and reflection to progressively improve the 
questionnaire.
Conclusion  Using rapid cycle tests of change in the 
pretesting questionnaire phase of research provided a 
structure for conducting cognitive interviews. Learning and 
reflections from the rapid testing and revisions made to 
the questionnaire helped improve the process of reaching 
the final version of the questionnaire, that the authors were 
confident would measure what was intended, rapidly and 
with less respondent burden.

INTRODUCTION
Dementia describes a set of symptoms that 
may include memory loss and difficulties 

with thinking, problem solving or language.1 
Caring for a person with dementia can be 
demanding for carers (family, friends and 
neighbours) and can affect their mental and 
physical health and their social lives.2 Assistive 
technology (AT) may support carers in caring 
for persons with dementia in the commu-
nity; however, very little is known about their 
experience and use of AT.3 4 To better under-
stand the use and impact of AT on carers, we 
developed a survey instrument—Carers Assis-
tive Technology Experience Questionnaire 
(CATEQ).

In survey research, the data collection tool 
is typically a structured questionnaire and the 
measurements obtained are the respondent’s 
answers to survey questions.5 This type of 
data collection assumes that all participants 
understand the questions in a consistent way; 
the questions are asking for information that 
participants have and can retrieve and the 
questions are worded in a way that the partic-
ipants are able to answer them as intended 
by the researcher. In order to provide a valid 
and reliable instrument, the wording, struc-
ture and layout of the questionnaire must 

Strengths and limitations of this study

►► This study recruited participants from across the UK, 
adopting a purposeful sampling strategy to identify 
suitable participants with diverse age groups, gen-
der, ethnicity and living arrangements, who could 
support interpreting and answering items within the 
questionnaire.

►► Use of concurrent think aloud and verbal probing 
methods during the cognitive interviews allowed for 
richer interpretation and in-depth understanding of 
changes needed to the questionnaire.

►► The participants were recruited through voluntary 
participation in research databases and potentially 
may not be representative.
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make allowance for the nature and characteristics of the 
participating population.6

Cognitive interviews
Cognitive interviews are commonly used for pretesting 
survey questions.5 7 They can provide information on how 
the questions are understood and answered by typical 
participants. Cognitive interviews can help detect prob-
lems participants may have in understanding survey 
instructions and items, and in formulating answers.8 
Cognitive interviews can identify problems in item inter-
pretation, memory retrieval, decision processes and 
response selection.9 A draft questionnaire with candidate 
items is developed and cognitive interviewing with partic-
ipants representing the target population is used to revise 
the questionnaire. Cognitive interviews also afford the 
opportunity to detect other problems in questionnaire 
instructions, design and organisation.10 They consist of 
one-to-one interviews in which the respondents describe 
their thoughts while answering the survey questions and 
can be done through different methods such as think 
aloud, verbal probing, confidence rating, card sorting and 
paraphrasing.6 Cognitive interviews are usually under-
taken in rounds, with several participants interviewed 
in each round, their responses analysed and changes 
to the questionnaire only made after each round.11–13 
This process could be burdensome for respondents and 
researchers and involve higher costs during question-
naire development.

Plan-Do-Study-Act cycles
The iterative process of learning and revising through 
cognitive interviews can be viewed as following the steps 
of action-oriented learning such as Plan-Do-Study-Act 
(PDSA) cycles.14 15 PDSA cycles consist of14 16:

Plan: State the objective of the test, the planed change, 
make predictions of what will happen and why and 
develop a plan to test the change

Do: Carry out the test/intervention, document prob-
lems and unexpected observations, begin analysis of the 
data

Study: Complete the analysis of the data, compare the 
data to earlier predictions in the plan phase and summarise 
and reflect on what was learnt

Act: Determine what modifications should be made, 
that is, deciding that the intervention has achieved the 
required standard and can therefore be implemented 
more widely or deciding that an entirely new change is 
required and the current plan should be changed and 
prepare a plan for the next test

While PDSA cycles are commonly used in clinical care, 
few clinical research trials have documented its use for 
implementation17 and none have used PDSA cycles as a 
framework for cognitive interviews for pretesting ques-
tionnaires. The authors present here one way of devel-
oping a questionnaire, based on using rapid cycle tests 
for change framed within PDSA cycles for conducting 
cognitive interviews in pretesting questionnaire items to 

develop the CATEQ. This is an alternative way of devel-
oping and pretesting a questionnaire and highlights how 
rapid cycle tests for change such as PDSA cycles can be 
used in questionnaire development.

METHODS
Patient and public involvement
This study is part of a larger research project which has a 
patient and public advisory group that meets twice a year. 
The group consists of two carers of persons with dementia 
and a person with dementia (all living in England). This 
group gave feedback on the initial items and instruc-
tions framed as part of the CATEQ and reviewed the 
final version of CATEQ submitted for ethical approval. 
This group has also committed to support dissemination 
of study results to other patient involvement groups and 
their wider networks.

Study design
The authors describe the steps followed in designing the 
questionnaire and conducting the cognitive interviews 
using PDSA cycles to arrive at the final version of the 
CATEQ.

Develop items for the questionnaire
The items of CATEQ were developed on the basis of results 
from a systematic review3 18 and a qualitative study4 and are 
intended to be administered as an electronic survey. The 
CATEQ explores themes that carers (family, friends and 
neighbours) described as relevant for use of AT for dementia 
care in the community. An iterative process of drafting, 
evaluation, revision and content checking was followed. 
Attention was taken to draft the items in the questionnaire 
to: capture the intended concept of experience using AT 
and their impact on carers; relevance to all members of 
the target population irrespective of age, living arrange-
ments and relationship with the person with dementia; the 
response choices were ordered in a meaningful way; ensure 
the questions were worded in a manner consistent with 
best practice style guide by Alzheimer’s Society19; each item 
represented a single concept, rather than a multidimen-
sional concept; the content of the items was appropriate 
for the recall period of the previous 4 weeks; and the items 
could be answered in a self-administered questionnaire. 
The questionnaire items were mainly closed questions with 
multiple-choice answers with some questions being partially 
closed with ‘other’ as open-ended text options. The ques-
tions were a mixture of behavioural (What input is required 
from you for using the assistive technology?; How often are you 
able to solve problems with the assistive technology by yourself?), 
opinion (How helpful is the assistive technology in reducing your 
stress?; How helpful is the assistive technology in giving you more 
time for yourself?) and factual questions (age; gender; who was 
involved in the choice of AT?). The CATEQ included ques-
tions to capture demographic information of participants, 
health-related quality of life and expression of interest in 
participating in qualitative interviews later. None of the 
questions except for the consent question at the beginning 
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of the survey had a forced-choice response (ie, respondents 
could omit answers to questions). The draft questionnaire 
had a Likert-like rating scale as response choices. For ease 
of administering cognitive interviews the initial set of inter-
views did not include demographic (for participants 1–4) 
and health-related quality of life (participants 1–6) ques-
tions. This questionnaire was labelled draft 0 and minor 
corrections were made based on comments by the patient 
and public advisory group for the project and by three 
clinical and social care experts involved in prescribing AT 
for use by persons with dementia at home. This modified 
CATEQ was labelled draft 1 and was used in the first cogni-
tive interview.

Design cognitive interview process
Cognitive interviews were used to assess participants’ 
comprehension of the items in CATEQ as well as establish 
that no important items were missing. A semistructured 
interview guide with think aloud questions, and verbal 
probing questions, was developed to elicit further infor-
mation from the participants (box  1). All the cognitive 
interviews were conducted by VS who is an occupational 
therapist and is trained in qualitative interviewing and 
quality improvement methods. Regular time was made for 
all the authors to meet to discuss progress with the cognitive 
interviews and modifications to the drafts of CATEQ.

Recruitment
Participants for the cognitive interviews were recruited 
through the Join Dementia Research website.20 Partici-
pants were carers of persons with dementia based in the 
UK willing to be contacted by researchers through this 
website. The inclusion criteria were: adult carers—family, 
friends or neighbours—providing at least 10 hours of care 
(eg, shopping, leisure, personal care, finance) per week to 
a person with dementia who lives in their own home, with 
the carer living together with or away from the person with 
dementia; carers should have used at least one AT device 
at home in the previous year and be able to communi-
cate in English. Participants were emailed a copy of the 
participant information sheet (online supplemental file 
1) and a purposive sample of participants reflecting vari-
ations in gender, age, ethnicity, living arrangements and 
relationship with persons with dementia were selected. 
The recruitment commenced in October 2019 and the 
final interview was completed in February 2020. A target 
sample size of 7–10 participants was deemed enough to 
complete cognitive interviews for items in the CATEQ. 
This was based on previous estimates13 21 22 but the inten-
tion was to continue with cognitive interviews until no 
further amendments to the CATEQ were necessary.23

Conduct cognitive interviews
Data collection
Semistructured interviews were conducted face to face 
(at the participant’s own home/at the researcher’s office) 
taking into consideration the participant’s geographical 
location and preference. The ‘think aloud’ and verbal 

probing methods were used for data collection and 
involve an interviewer asking the participants how they 
went about answering a particular survey question.10 In 
the think aloud method, the participant is asked to speak 
all thoughts aloud as he/she answers the question. For 
verbal probing, the interviewer asks specific questions or 
probes which are designed to elicit how the participant 
went about answering the question, for example, how 
the participants made their choice among the response 
options or how they interpreted an instruction.5 6 Partici-
pants were shown the electronic version of CATEQ devel-
oped using Qualtrics software24 during the interview on 
a laptop. Participant 8 also tested the questionnaire on 
a smart mobile phone. The final participant in addition 
to the electronic version was also requested to comment 
on the paper version of CATEQ.21 The participants were 

Box 1  Cognitive interview guide

Preinterview
Participant to re-receive the information sheet and asked to read it 
through. Participant will be given a brief introduction to the research 
that includes a description of assistive technology.

►► Show university card for ID of researcher and introduce self.
►► Participant to be told what will happen during the interview process 
and reminded that the interview will also be audio recorded.

►► Participant to be told that a transcript will be made from the audio 
recording.

►► Participant to be told the method of analysis and reminded that they 
will remain anonymous, and that their data will be confidential.

►► Participant given time to ask questions.
►► Participant will be asked to sign two copies of the consent form, one 
of which is to be retained by the researcher.

Instructions
Based on our research, we have the following questions as part of the 
Carers Assistive Technology Experience Questionnaire. Please look at 
each page and the questions in this survey. During the interview, we will 
ask you to speak aloud about what you are thinking as you respond to 
questions. I am also going to ask you additional questions about individ-
ual items in this questionnaire. Remember, the purpose of this interview 
is to test the questionnaire and not to test you. Are you ready to begin?
We will start with the instructions for the survey.
Example verbal probes used to test the questions:

For Question abc…
1. What to you, is ‘………’?
2. Tell me more about ‘……’?
3. Can you repeat this question in your own words?
4. What does ‘…….’ mean to you?
5. Would you mind providing some examples about ‘….’?
6. When you think about ‘……’ what comes to your mind?

Overall for the survey…
7. Are there additional questions you believe should be asked?
8. Are there questions you believe should be deleted?
9. Are there questions you believe should be modified?
10. Are there words used in the questions that you think could be 
changed to make it more understandable to others who help/look after 
those with dementia?
Do you have any questions for me?

https://dx.doi.org/10.1136/bmjopen-2020-042361
https://dx.doi.org/10.1136/bmjopen-2020-042361
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not known to the interviewer or the other authors prior 
to recruitment. Trust and easing into the think aloud 
interview was built by establishing rapport with the partic-
ipants. The interviewer (VS) explained that the purpose 
was to make the questionnaire better by identifying items 
that were difficult to answer. Interviews were undertaken 
using concurrent think aloud and verbal probing ques-
tions and lasted between 55 and 95 min; all interviews 
were audio recorded along with field notes and a PDSA 
template (online supplemental file 2). The field notes 
noted verbal and non-verbal cues from the participants, 
as well as their perception of the items in CATEQ. Confi-
dentiality of the participants was maintained throughout 
the process by avoiding references to names of the partic-
ipant or persons with dementia, cities and other person 
identifiable information.

Make decisions to revise questionnaire
Data analysis
The PDSA template (online supplemental file 2) was 
used to document the hypothesis being tested, results of 
the cognitive interview process, and to make changes to 
the CATEQ. After discussion among all the authors, the 
questionnaire items were changed in line with sugges-
tions from the participant and accounting for difficulty 
encountered by the participant with specific items during 
the cognitive interview. Changes were made after every 
cognitive interview instead of waiting for rounds of inter-
views to finish, which is the process in traditional cogni-
tive interview methods,13 thereby narrowing the time 
between data collection, analysis and changes made. The 
authors also ensured each subsequent participant, in 
addition to ‘thinking-aloud’ on a focused section of the 
questionnaire, also commented on the latest iteration 
of the full questionnaire to determine if the modified 
version then functioned as intended, without introducing 
further difficulties in comprehension or changes needed 
to the questionnaire. Subsequent CATEQ questionnaire 
drafts were numbered draft 2, draft 3, and so on, which 
were used contiguously for the progressive set of cogni-
tive interviews.

Final test
At the end of questionnaire revision, the final version of 
CATEQ was tested on three volunteers and the patient 
and public advisory group to check for time taken to 
complete the questionnaire, issues with formatting, skip 
logic and ease of understanding of the instructions before 
it was deemed ready to be used in a quantitative survey.

RESULTS
Emails (n=38) for recruitment were sent to potential 
participants. From the responses received (n=22), 11 
carers did not meet the eligibility criteria and nine carers 
(five women and four men), with varying types of rela-
tionship to a person with dementia, took part in inter-
views (table  1). Every participant had used at least one 

AT device in the last 12 months. Participants were aged 
between 42 and 75 years. The authors used PDSA cycles 
for the cognitive interviews to make iterative changes to 
the CATEQ. The changes between draft 1 and draft 7 of 
the questionnaire are given in table 2.

PDSA 1: testing instructions and questionnaire items
CATEQ draft 1 had instructions for participating in the 
survey, eligibility criteria and a consent statement. In 
addition, it had 29 items (21 items in matrix format) 
about carers’ current experiences and impact of using 
AT with a person with dementia at home. During PDSA 
1, participant 1 was able to comprehend and understand 
the instructions and commented on the font and layout 
of the instructions that could be improved. The eligibility 
criteria and consent statements were easy to understand, 
and overall participant 1 took less time than anticipated to 
complete these sections. On verbal probing, participant 1 
indicated that most instructions only carried information 
regarding data protection and use which were standard 
statements.

…these are what…err…you’ll find in a product agreement 
you know…and who reads these through fully? I always 
click agree, so I can start using the thing, err…you know…
like the cookie thing on websites…

Participant 1 answered the items on the questionnaire 
and commented that the layout was easy to follow, the 
questions were easy to understand with the option of 
‘other’ where extra information was needed. As part of 
the think aloud interview for item 1, it was observed that 
there was some difficulty in sorting through AT devices 
that participant 1 had used but is no longer currently 
using, and additional instructions and questionnaire 
items to provide details of these devices might be helpful. 
At the end of the PDSA cycle, modifications to the layout 
and instructions were made by adjusting the font size 
and paragraph spacing, instructions for current AT were 
modified and four additional questions on previously 
used AT and reason for abandonment were added, as 
well as adding information on the research website at the 
end of survey message, and the CATEQ draft was labelled 
draft 2.

Table 1  Participant characteristics

ID Age range Gender Ethnicity

1 56–70 Female White British

2 56–70 Male White British

3 40–55 Female White British

4 40–55 Male Asian British

5 71–85 Male White British

6 56–70 Female Caribbean British

7 40–55 Male White British

8 40–55 Female Mixed White British

9 40–55 Female Asian British

https://dx.doi.org/10.1136/bmjopen-2020-042361
https://dx.doi.org/10.1136/bmjopen-2020-042361
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PDSA 2: testing questionnaire items
Cognitive interviews with participants 2 and 3 were 
carried out separately using the electronic version of draft 
2 of CATEQ. Both participants felt the image at the start 
of the instructions with common AT devices was helpful. 
The think aloud interviews for the questionnaire items 
highlighted confusion regarding the cost of AT. The ques-
tion was framed as: ‘Can you give the approximate cost (in 
pounds) associated with the assistive technology currently used, 
paid for by the person with dementia or by you or another carer 
(family, friend or neighbour)?’ Participant 2 had difficulty in 
separating out initial cost in purchasing the AT with that 
of ongoing costs for maintenance. Participant 3 also had 
difficulty with the cost of AT question ‘Are you concerned 
about cost of the assistive technology?’ as the AT they were 
using was provided by the social care services without a 
cost to them. Both participants were able to differentiate 
questions on anxiety and stress presented as separate ques-
tions. On verbal probing, both participants wanted a ‘does 
not apply’ option to matrix questions such as: ‘How helpful 
is the assistive technology in giving you additional time for tasks 
that you have to do?’ and ‘How helpful is the assistive technology 
in maintaining dignity of the person with dementia?’. These 
cognitive interviews also gave authors the unsolicited 
confirmation that the CATEQ could be self-administered.

…you’ll get more out of me doing this (answering the ques-
tions) on a laptop or on the phone than if I were sat in front 
of you and answering them…these are personal questions 
and (I) might be feeling guilty answering them honestly if 

you were in the room, you know what I mean… (Participant 
2)

At the end of this PDSA cycle the questionnaire items 
were modified to change the wording on items on cost 
and add a ‘does not apply’ option to the Likert-type scale 
choice for the matrix questions and the new draft of the 
CATEQ was labelled draft 3.

PDSA 3: testing questionnaire items and skip logic
Cognitive interview with participant 4 was used to test the 
questionnaire items including the modified items from 
draft 2, as well as the layout and format of the electronic 
version of the questionnaire. The think aloud interview 
confirmed that the modified questionnaire items on 
cost were better understood by participant 4. On verbal 
probing, participant 4 appreciated the option of ‘does not 
apply’ as a choice. Participant 4 on verbal probing also 
commented that the layout of the questionnaire was easy 
to understand and suggested a change in colour scheme 
for the button indicating progress to the next page of the 
questionnaire:

…You know this arrow button in the bottom (indicates on 
screen), it is blue now, but if this were in green, other carers 
who do your survey would think they are good to go, sort of 
like…you know…like…like a traffic light system and make 
good headway with your questionnaire….

At the end of this PDSA cycle, the colour scheme for 
the questionnaire was changed and a new version of the 
CATEQ was labelled draft 4; this version for the next 
cognitive interview now contained items for capturing 
demographic data of participants.

PDSA 4: testing questionnaire items and demographic 
questions
Cognitive interview with participant 5 concentrated on 
questionnaire items with a specific focus on the nine 
demographic questions in CATEQ. Verbal probing and 
think aloud interview were used to check comprehen-
sion, recall and ease of answering demographic ques-
tions in the CATEQ. The participant understood the 
questions readily enough, participant 5 had some hesi-
tation in answering the question on income and on 
verbal probing disclosed that the participant and the 
person with dementia pooled their income for household 
expenses and some of the hesitation was in disclosing this 
in a survey, even if it was anonymous. At the end of this 
PDSA cycle, it was decided to reframe the question on 
income to ‘family income’ and add an option of ‘do not wish 
to disclose’ as part of the response options of this question. 
After modifying the questionnaire items, further modi-
fications to the instructions for survey participants were 
made on the advice of the ethics committee; this included 
further detailed instructions on use of data, data protec-
tion and contact details of all the study authors. The next 
version of CATEQ incorporating all these changes was 
labelled draft 5.

Table 2  Table of changes to CATEQ from draft version 1 to 
draft version 7

Questionnaire structure
Draft 1 of 
CATEQ

Draft 7 of 
CATEQ

1 Instructions

 � Line numbers 16 41

 � Paragraphs 12 12

2 Questions on assistive 
technology

9 10

Questions on previous 
assistive technology

0 5

3 Matrix questions on 
experience and impact

21 20

4 Demographic questions 0 9

5 Health-related quality of 
life questions

0 15

6 End of survey response 
line number

1 1+research 
website details

7 Layout and structure of questionnaire

 � Colour scheme Blue 
progress bar

Green progress 
bar

 � Font size 12 15

CATEQ, Carers Assistive Technology Experience Questionnaire.



6 Sriram V, et al. BMJ Open 2021;11:e042361. doi:10.1136/bmjopen-2020-042361

Open access�

PDSA 5: testing modified instructions and questionnaire items
Participants 6 and 7 participated in cognitive interviews 
that tested the modified instructions and question-
naire items. Both participants completed the question-
naire items without difficulty and on verbal probing 
commented that the instructions were long but easy to 
understand and in any case were not spending too much 
time on them. On verbal probing, participant 7 also 
felt the order in which items on stress, anxiety, time for 
self and effort on caring were presented could be rear-
ranged in the questionnaire and grouped together as 
they helped the participant think through them better 
and maintain ‘flow of thought’. Participant 6 also recom-
mended testing the questionnaire on participants using 
a smartphone device, as this might be the way some 
participants would choose to complete the question-
naire during their commute into work. At the end of 
this PDSA cycle, questionnaire items were regrouped to 
facilitate ease of recall; items on health-related quality 
of life based on the validated 12-item Short Form Survey 
(SF-12) version 125 26 plus three questions on coping with 
caring and relationship with person with dementia were 
added to the CATEQ, and this version of the question-
naire was labelled draft 6.

PDSA 6: testing items on health-related quality of life and 
completion of questionnaire using a smartphone
The next PDSA cycle involved a cognitive interview 
with participant 8, who tested additional items on the 
questionnaire from the SF-12. The SF-12 contains items 
covering physical functioning, social functioning, role 
functioning (physical and mental), vitality, bodily pain, 
mental health and general health. The SF-12 generates 
two summary scores: the physical component score and 
the mental component score. A higher score indicates 
better quality of life. As the SF-12 is well validated, the 
cognitive interview was limited to comprehension of the 
questions and answer choices as well as layout of the 
electronic version of the questionnaire with the health-
related quality of life question items at the end of the 
questionnaire. The participant also completed the ques-
tionnaire using a smartphone device to check for ease 
of use and layout of the questionnaire in a smartphone 
device. The participant completed the questionnaire 
with ease and had no specific difficulty in comprehen-
sion or recall of information required for completion 
of the questionnaire. The layout of the questionnaire 
on the smartphone was easy to follow and the questions 
were presented one after the other and were completed 
without difficulty. At the end of this cycle, the ques-
tionnaire was deemed to be ready for a test to include 
electronic and paper versions to check ease of comple-
tion and minor modifications to instructions, such as to 
remove references to ‘IP address will not be collected’ 
and as skip logic could not be applied for consent to 
participate in future interviews. The next version of 
CATEQ was labelled draft 7.

PDSA 7: testing electronic and paper versions of the 
questionnaire
Participant 9 completed the CATEQ initially on a tablet 
computer and then as a paper version. Time taken to 
complete the questionnaire without prompts was 19 
and 23 min, respectively. The additional time taken to 
complete the paper version was because participant 9 had 
to flip back and forth between the pages as the matrix 
questions asked about three AT devices that were currently 
used and the participants needed to remind themselves 
in which order they were answering this question.

At the end of this PDSA cycle, the CATEQ was deemed 
to be ready to be used in a survey and was prepared for 
final comments by the patient and public advisory group. 
Figure 1 gives a visual depiction of the PDSAs and stages 
of tasks presented to subsequent participants.

DISCUSSION
Cognitive interviews have helped researchers develop 
better questions and survey instruments and are increas-
ingly being used routinely to pretest questionnaires.27 28 
Our results showed rapid cycle tests of change using PDSA 
cycles as a format could be used as an alternate way of 
conducting cognitive interviews. Each cycle tested the 
changes made to the questionnaire and allowed quick and 
easy-to-test changes in subsequent versions of the ques-
tionnaire without increasing participant burden within 
the cognitive interview sessions. Cognitive interviews are 
usually undertaken in rounds, with several participants 
interviewed and changes to the questionnaire only made 
after each round.11 12 Problems in comprehension, recall 
or response choices to the questionnaire items emerge 
from the interviews themselves22 without the interviewer 
anticipating or having a hypothesis of which items or 
layout in the questionnaire may require change. Using 
small tests for change through PDSA cycles, on the 
other hand, enabled better structuring of questionnaire 
items with improved ease of comprehension, recall and 
response choices to items within this questionnaire. Using 
PDSA cycles as a learning mechanism for cognitive inter-
views resulted in predicting potential problems (what are 
we expecting to happen?) with questionnaire items and 
layout; this allowed the authors to focus on potentially 
problematic items such as, for example, questions on costs 
and freeing up carer time. Learning from each cognitive 
interview was used to inform the modifications that need 
to be carried out to the questionnaire and changes to the 
probing questions.27 29 Making changes to the question-
naire after every cognitive interview as a result became 
easier to manage, and learning from each cycle of the 
PDSA was applied to the next.30 31 Also, over the course of 
seven PDSA cycles, the think aloud interviews indicated 
potential problems with a questionnaire item or instruc-
tion other than the ones that were considered problem-
atic; this unanticipated learning helped reframe and 
retest the questionnaire until it was satisfactory. Focusing 
on different items in the questionnaire and building up 
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the testing helped reduce fatigue among the participants 
and better insight into item comprehension, language 
used and layout. Using PDSA cycles enabled rapid tests of 
change to questionnaire items, which provided informa-
tion on problems in a question and its possible source(s), 
as well as information towards the problem’s solution.

Advantage of using rapid cycle tests for change
Unlike usual cognitive interviews, the use of rapid cycle 
tests of change in this questionnaire development allowed 
the authors to test on as small a scale as possible before 
building confidence and scaling up to test additional 
items in the questionnaire and with different devices 
and a paper version. The authors decided to divide ques-
tionnaire items for cognitive interviews during the plan-
ning phase into parts—instructions, questionnaire items, 
demographic data and health-related quality of life ques-
tions for pragmatic reasons. Planning to anticipate prob-
lems with questionnaire items this way and splitting the 
tasks into small manageable tests of change and increasing 
its complexity over the course of the PDSA cycles helped 
maximise learning opportunities, decrease costs and time 
taken to complete cognitive interviews and reduce partic-
ipant fatigue and burden. The PDSA cycles allowed the 
ability to break things down and focus on making small, 
measurable changes.14 31 Testing using a paper version, 
a laptop and a smartphone helped identify if question 
wording communicates the objective of the question; and 
quickly identify problems such as redundancy, missing 
skip instructions and awkward wording with only a few 
interviews, instead of waiting for multiple participants 
in each round of interviews in the typical way cognitive 
interviews are conducted. PDSAs are a clever learning 
methodology whose ‘simplicity belies its sophistication’15; 

the use of iterative (PDSA) cycles for cognitive interviews 
provided information that would otherwise have been 
unseen by the interviewer before launch of the survey—
for example, questions on AT devices that are no longer 
being used by carers. The PDSA cycles also helped our 
learning from unsolicited information such as the ques-
tionnaire could be self-administered instead of inter-
viewer administered.

Cognitive interview is one component from a multitude 
of ways for pretesting a questionnaire, to assess it does 
collect the information that it is supposed to. Using rapid 
cycle tests for change through PDSA cycles included plan-
ning and a researcher hypothesis of the difficulty of the 
various questions in the questionnaire; this allowed rapid 
and iterative pretesting of the questionnaire without 
having to wait for multiple rounds of cognitive interviews 
before changes to the questionnaire could be made and 
retested again. The use of PDSA cycles to inform cogni-
tive interviews in questionnaire development is another 
use for PDSAs and could be one way of pretesting ques-
tionnaires in the future.

Strengths and limitations of this study
The authors acknowledge that while cognitive interview 
methods can be used to evaluate existing questions, and 
to test proposed revisions to the original questions, they 
cannot provide quantitative evidence on whether the 
revised version of the question is better than the orig-
inal; however, the action in each PDSA cycle built on 
the learning from the previous cycle and we are confi-
dent that the final version of the CATEQ is better than 
the first draft. The authors also acknowledge that some 
participants were less articulate than others and could not 
adequately verbalise their thought processes; however, a 

Figure 1  Plan-Do-Study-Act (PDSA) cycles and tasks involved in the cognitive interviews. Each cycle shows the focused 
section of the questionnaire that participants were asked to comment on.
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combination of think aloud and verbal probing interviews 
helped achieve the intended aim for each PDSA cycle of 
improving instructions and comprehension, recall and 
answering of items within the questionnaire.

CONCLUSION
The addition of cognitive interviews as an extra step in the 
survey development process assures data that are more 
likely to reflect the actual circumstances being examined. 
The use of PDSA cycles to frame the process of cognitive 
interviews would be an alternative way to pretesting ques-
tionnaires that minimises risks by using rapid small-scale 
tests of the changes introduced to layout and items in 
the questionnaire as well as potentially helping to reduce 
fatigue and burden to researchers and participants. The 
PDSA process is widely used and familiar to many involved 
in healthcare and appears to be an appropriate mech-
anism for pretesting questionnaires before deploying 
them in large-scale surveys in healthcare.
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