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How do people interpret and respond to self-report sitting time questionnaires?
A think-aloud study

Abstract
Sedentary behaviour research to date has been predominantly based on self-reported sitting time, yet little attention has been paid to how respondents interpret sitting questionnaire items. 25 office workers participated in qualitative, ‘think-aloud’ interviews, describing their thoughts while completing 43 items derived from 9 existing questionnaires. Inductive Thematic Analysis identified four potential interpretation or response problems: misinterpretation and uncertainty; the mental calculation process involved in formulating responses; self-presentation concerns; and the affective and motivational impact of questionnaire completion. Results not only show that lay representations of sitting may diverge from those of researchers, but also highlight potential errors and biases encountered when generating sitting estimates. Additionally, reporting sitting may generate a desire to reduce sitting time. Findings suggest that domain-specific measures that estimate sitting across different settings may better correspond with participants’ perceptions. Future research should investigate the potential for sedentary behaviour questionnaire completion to change behaviour.



Introduction
Sitting time has been linked to mental and physical ill-health, and early death (1–3). Many studies have sought to document, understand or change sitting time (4,5), with especial attention paid to at-risk populations such as office workers, who typically sit for around two-thirds of their working and waking day (5,6).
Much sedentary behaviour research has been based on participant-reported sitting time. Many self-report sitting time questionnaires are available (7,8). These differ according to properties of the sitting episode (e.g., the purpose or domain [work, leisure], the physical or social environment, or time of day; (8,9)), properties of the recall period (e.g., typical versus actual period; single versus multiple days; weekdays versus weekends; (7)), and measurement dimensions (e.g. unit of time; duration versus bouts of sitting or breaks). For example, the International Physical Activity Questionnaire (IPAQ; 10) estimates sitting across a 7-day period by summing typical weekday sitting time across five days, and typical weekend sitting time across two days, via a direct recall item (e.g., ‘how much time did you spend sitting on a typical weekday?’). By comparison, the Multi-context Sitting Time Questionnaire (MSTQ; 11) assesses time spent in each of five typically-seated activities (e.g., watching TV), on workdays and non-workdays respectively.
Self-report questionnaires assume that participants share researchers’ interpretations of items, have insight into their sitting, and can accurately recall sitting when prompted. Yet, little attention has been paid to how people comprehend and respond to sitting questionnaires (12). Instead, the utility of sitting time questionnaires is typically established only against observational data (13), with measures that correlate with objective monitor assessments of sitting assumed to be valid and reliable. While many measures demonstrate validity in this respect, convergence is often imperfect (14); for example, studies have questioned the correspondence between the IPAQ, one of the most commonly used sitting time measures, and monitor assessments (15). Additionally, correlational evidence reveals only whether increases or decreases in monitor-assessed sitting time are mirrored by increases or decreases in self-reported sitting, not the accuracy of estimates. Indeed, the IPAQ has been shown to underestimate true sitting time despite adequate convergent validity (16). 
	‘Think aloud’ methods, whereby participants vocalise their thoughts, provide insight into respondents’ perceptions as they interpret and formulate responses to questionnaire items (17-20). Ericsson and Simon (18) distinguish between three ‘levels’ of think-aloud response. ‘Level 1’ responses are vocalisations of verbal thoughts encoded as part of a participant’s ‘inner speech’, and ‘Level 2’ responses are a more effortfully generated description of thoughts that would not otherwise have been verbally encoded. While responses corresponding to Levels 1 and 2 describe thoughts, ‘Level 3’ responses are reflections on thoughts or behaviours, such as explaining or assigning meaning or motive to them. While playing golf, for example, verbalisations at Levels 1 and 2 might reflect descriptions of task features (e.g. ‘it is mostly uphill’) or self-instruction (‘concentrate on this’), whereas Level 3 verbalisations might reflect explanations for performance, such as justifying club selection (21,22). Verbalisations corresponding to Levels 1 and 2 capture information stored momentarily in short-term memory that would otherwise be lost or subject to recall errors and biases if assessed retrospectively (23). While often used within sport and exercise psychology to describe thoughts during sports performance, or assess relationships between thoughts and performance (19-20, 22, 24-26), think-aloud methods as applied to questionnaire evaluation are designed to highlight comprehension and response problems that can threaten the validity of data (27). For example, participants’ interpretations may deviate from intended meanings (17), which can lead researchers to misinterpret responses. Studies in which ‘think aloud’ methods have been used to obtain Level 1 and Level 2 verbalisations can offer valuable information on how questionnaire items might be improved, as well as revealing how respondents represent and experience the focal phenomena.
	To our knowledge, only one study to date has used ‘think aloud’ methods to probe sitting time questionnaires (12). Older adults experienced difficulty in understanding which activities to account for in their responses, and in estimating sitting across days and contexts, in response to the IPAQ and the Physical Activity Scale for the Elderly (12,28). While this study attested to the usefulness of ‘think aloud’ methods for documenting questionnaire comprehension, it focused on only two of the many available sitting time questionnaires.
	The present study used ‘think aloud’ methods to investigate office workers’ interpretations and responses to a set of sitting items systematically sampled from multiple questionnaires to capture a range of question types (7-9). The study explored problems in item comprehension and response formulation. Office workers were chosen because they tend to be highly sedentary (5,6), so are often sampled within sitting time research.
Materials and Method
Researcher positionality
The two senior authors (BG, LS) have been active in the sedentary behaviour field since the mid 2010s, conducting research to variously observe, predict, explain and modify sitting. BG is a social psychologist with qualitative and quantitative research experience, and LS an epidemiologist with a background in sports science. All other authors were undergraduate psychology students with minimal extracurricular research experience, and no prior involvement in sedentary research. Authors IL and DM collected data at the telecommunications company, under supervision of BG, as coursework. Authors AC and AF collected data from the university sample, and contributed to analysis, as part of an internship supervised by BG. All authors regarded themselves as relatively sedentary, spending at least 6 hours per day sitting.
All authors approached the study from a post-positivist realist philosophical position (29). BG conceived of the study in response to anecdotal experience of participants expressing confusion about questionnaire measures of sedentary habits (30), having previously conducted a ‘think aloud’ study that revealed problems underlying self-reports of habitual behaviour (31). The ultimate goal of the study was to help researchers and practitioners to identify and develop optimal self-report measures of sedentary behaviour.
Selection of questionnaire items
Items were identified from an existing review of 60 sedentary behaviour questionnaires (8). We removed two non-English-language questionnaires, 29 questionnaires not designed for administration to, or validated among, adults from the general public (e.g. children, overweight adults), and 3 questionnaires not designed for self-administration. Six questionnaires identified as duplicates or derivatives (e.g. IPAQ short-form) were excluded. Four questionnaires not freely available were removed and, to minimise participant burden, so were two questionnaires each containing ≥20 sitting-related items. A list of excluded questionnaires is available as Supplemental Material.
Items from the remaining 16 questionnaires were inspected in full. Items relating only to physical activity were removed, as were identical or highly similar items across questionnaires. The final set comprised 43 items, extracted from nine questionnaires: IPAQ short-form (10); Workplace Sitting Breaks Questionnaire (32); Clemes Single Item Sitting Time Questionnaire (33); Survey Question on Television Viewing (34); Marshall Domain-Specific Sitting Time Questionnaire (35); Occupational Sitting and Physical Activity Questionnaire (36); Aadahl and Jorgensen Physical Activity Scale (37); MSTQ (11); and Active-Q (38). Together, these items capture direct recall (e.g. total sitting time) and domain-specific recall (e.g. sitting at work), across a range of periods (e.g., day, week; typical, actual), assessed with single or multiple items (see Table). The full set of questionnaire items is available as Supplementary Material.
INSERT TABLE HERE
Participants and procedure
Participants were office workers recruited from two UK-based organisations: a large multinational telecommunications company (N = 17; 13 female, 4 male), and a university (N = 8; 7 female, one male), both situated in inner-city locations in southeast England. These organisations were chosen because they both encompass a diverse range of office environments and employ workers from across the socioeconomic spectrum. Recruitment at the telecommunications company occurred over a four-week period in January-February 2019, and recruitment at the university, undertaken to boost sample size, over a two-week period in October 2019. Employees of the telecommunications company received an email advertising the study, circulated by management, and those from the university were recruited in person by knocking on office doors at the host site. Self-declared eligibility criteria were: fluent in English; part- or full-time employed in a ‘desk-based job’; no physical impairments necessitating prolonged sitting; and no psychology qualification. Due to researcher error, age was not recorded for employees from the multinational company. Six of the 7 university-based participants reported their age (range 21-69y; M = 33y, SD = 16.5y). 
Data collection took place at local work sites. First, the researcher asked the participant to ‘speak every and any thought that comes to mind as you answer each question’ and, to facilitate transcription and analysis, to ‘read the [item] you are referring to out loud first and then say what you think about it’. To obtain descriptive think-aloud responses (i.e. ‘Level 2’ verbalisations) rather than reflections or rationalisations (i.e. ‘Level 3’ [18]), which can invoke reactivity (39), we asked that participants ‘don’t plan out what you are saying or explain what you mean – instead just freely voice your thoughts as they come to you’. To accustom participants to thinking aloud, the researcher provided a spoken example descriptive ‘think aloud’ response to a non-sitting-related item pertaining to typical breakfast consumption duration (‘I would say between 10 and 15 minutes, usually about 15 minutes, so I will choose 11 to 20 minutes’). Participants also completed a practice task, ‘thinking aloud’ in response to a sample item assessing coffee consumption. The researcher then left the room and began recording. While we were unable to verify in-situ that participants were ‘thinking aloud’ as instructed, inspection of recordings indicated that all participants generated codable descriptive data. The questionnaire was hosted online, with block-randomised item presentation to control for order effects, and completed using a study laptop. Procedures were verified as feasible among an independent sample of four desk-based employees and approved by the KCL Research Ethics Committee (MRS-18/19-8981).
Analysis
Inductive Thematic Analysis (40) of verbatim interview transcripts was undertaken by a team of three coders (BG, AC, AF). All coders independently performed data familiarisation, coding (i.e., assigning conceptual labels to pertinent ‘events’ in the data relating to comprehension and response formulation), and theme extraction procedures on three transcripts.  Coders met in person to inductively develop a preliminary thematic framework using a ‘critical friends’ approach to ensure rigour and trustworthiness, whereby all coders offered critical feedback on each other’s interpretations to allow consideration of and reflection on multiple perspectives (41). Two further rounds were undertaken of application (by AC and AF) and critical reflection on the framework (by BG) in light of insights from coding and theme extraction of all remaining transcripts. Theme review and naming, and analysis write-up were undertaken by BG. All authors critically reviewed the final thematic structure and verified it as a valid representation of the data.
Results
Four themes were extracted, relating to: item misinterpretation and uncertainty; a mental calculation process involved in generating responses; self-presentation concerns; and the affective and motivational impact of questionnaire completion on participants.
Misinterpretation and uncertainty
Some participants misunderstood items. For example, one interpreted items relating to sitting over the course of a day to refer only to daylight hours:
Participant 25 (P25): “Watching TV, day hours during the week [I would say is] zero … I only watch in the evening during the week.”
There was uncertainty around whether a ‘workday’ referred to the entirety of waking days on which participants go to work, to time spent in the workplace, or more specifically to work-related activities in the workplace. Some items thus appeared nonsensical to some:
P8: “[Indicate the number of hours and minutes per non-workday you spend … sitting while working.] Obviously I don’t work at the weekends. That’s weird phrasing.”
Domain-specific measures were problematic, because some domains were seen as lacking modern-day relevance:
P3: “I don’t use a computer anymore, I just my phone or tablet for everything. If you asked me how much time I spent looking at my phone, it would be a horrifically high number. But that hasn’t been asked.”
Other domains were not experienced as mutually exclusive. For example, video streaming activity cut across ‘watching TV or movies’, ‘during transportation’, and ‘using a computer’:
P18: “[These] distinction[s are] weird. Netflix doesn’t really work like that, does it?”
Items requiring reports in hours and minutes were unclear to some. Some interpreted them to refer to the time of day (“[for time spent in sleep or rest,] do I add the time? […] I thought they were asking what time I go to bed”; P21), and others queried whether they were being asked “to convert how many hours [I spent sitting] into minutes” (P5).
While all participants provided quantitative responses to all items, they lacked confidence in the accuracy or meaningfulness of responses to items deemed unclear:
P13: “‘[Do my answers] reflect my normal activity levels?’ What do you mean? I don’t know. Let’s go with no.”
Mental calculation
Participants struggled to directly recall their sitting time. Some deferred to objective device-based data (“my Fitbit tells me that I’m averaging about 7 hours 30 minutes [of sleep per night]”; P9), while others inferred workplace sitting from time spent at work (“[I work from] 8 until 5.30, so … that’s 9 and a half hours [of sitting]”; P11). Many participants generated sitting estimates by mentally rehearsing relevant activities and routines:
P13: “Time spent sitting in leisure time, not including television … it’s very hard to determine. What do I do? Monday [I go to] Virgin [the gym], Tuesday volleyball, Wednesday, Thursday gym, Friday. Hmm. I don’t really sit.”
To aid activity-specific recall, some imbued items with additional context, thereby excluding other relevant actions or settings (“there are probably other activities that fall into this … I’ll just think about reading, so that’s going to be [the basis for] my answer”; P15). Some struggled to provide reliable estimates due to the variability of their routines:
P9: “That’s a hard question because it completely depends. If I’ve got three back to back meeting, then I will be sat down for the three hours straight. If I don’t have back to back meetings, then I will be drinking a lot of water, so I will get up every half an hour for a toilet break or to fill up my water or go for a walk.”
	While some people appeared satisfied to offer imprecise global estimates based on specific activities (“reading I guess could be an hour? No, I’ll put thirty minutes”; P11), others engaged in a systematic mental calculation process, converting time spent in seated activities into item response metrics. This was burdensome (“[I’m] not good at maths”; P3), and some arithmetic errors were evident:
P4: “[I sit in this domain for] six hours a day, so that’s what, about, so it’s like 15, no, sorry, that’s like 67 hours [in total]. Oh, I’ve done this completely wrong!”
Calculated estimates were typically reviewed for accuracy and adjusted based either on whether they ‘felt’ right (“texting … thirty minutes I should say, or fifteen minutes, I think half an hour is too long to text”; P23) or, for items that seek to summarise all activities across a 24h period, whether responses totalled 24h:
P15: “I’m going to say 6 [hours] for [standing, washing dishes or cooking, driving a car or truck] and then [for a previous item] put up the number of hours I spend working at a computer … to 7 so that it adds up to 24”
Self-presentation concerns
Some participants worried that their responses reflected badly on them (“God, this makes me sound awful!”; P11). Many sought to assuage such concerns by justifying their sitting, highlighting a lack of autonomy (“I don’t like sitting down for too long, but it is a desk-based job”; P3), or emphasising compensatory activities:
P9: “I’m sat down 93% of the time, but … that’s not including [the gym] … I repeat, that does not include my gym time that I have for an hour at lunch!”
One participant appeared to modify her estimates for self-presentation reasons:
P16: “That’s like, 9.5 hours [of sitting], oh God that’s really bad. Ok, I’m going to put 9 hours.”
Participants sought consistency in their responses, such that earlier responses provided templates for later, similar items (“as I said earlier, about maybe 70% of my time [is spent sitting]”; P15). Similar items sometimes prompted a review and calibration of responses:
P8: “This is the same [domain] as earlier, so I’m going to make that 1.5 [hours] and change my earlier answer to be 1.5 [hours].”
Affective and motivational impact of questionnaire completion
Questionnaire completion prompted negative affect for some people. Some such responses arose in exasperation at the cognitive burden of completing the questionnaire (“my God, this is way too much thinking”; P14) or deciphering unclear items (“this is a ridiculous question!”; P8). Others arose because the questionnaire raised awareness of excessive sitting time (“oh my God, do I really sit for like 80% of the day?”; P12), a realisation that in turn motivated some to reduce their sitting time (“oh God, I need to get up and move!”; P18):
P16: “That’s so bad. So that means that … 82% [of the time] is just [spent] sat down at my desk at work. God, I should really go to the gym more.”
Discussion
This study demonstrated the thought processes underpinning interpretations of and responses to self-report items about sitting time. Our findings revealed the potential for participants to fail to understand items as intended by researchers, and for social desirability concerns to influence disclosure of sitting time. More fundamentally, we showed that participants experienced difficulty estimating sitting, because they appeared not to conceive of time spent in seated activities as sitting time. Perhaps consequently, generating sitting time estimates appeared to raise awareness, such that some participants were motivated to reduce what they saw as excessive sitting. These findings speak to the importance of using measures that prompt minimal reactivity from participants and assess sitting in a way that corresponds most closely to perceptions of seated activity.
	The accuracy of self-report depends on researchers and participants sharing interpretations of questionnaire items. Yet, we documented important misunderstandings and perceived ambiguities in item wording and showed that responses to such items may lack validity. Perhaps unsurprisingly, where participants were unsure as to the meaning of an item, they were uncertain as to how to respond. Importantly, this could lead participants with identical sitting patterns to respond differently to the same item. Analogously, a previous ‘think aloud’ study showed that, in response to Likert scales assessing levels of agreement with a statement, some participants who did not understand the statement selected ‘strongly disagree’, whereas others chose to ‘neither agree nor disagree’ (34). Where participants within a sample differ in their perceptions of the meaning of items, their responses will lack validity and will be unsuitable for pooling with others’ data. Researchers must ensure that instructions and definitions are made clear and should consider adopting ‘think aloud’ methods to identify interpretation problems prior to questionnaire administration.
We also documented participants’ concerns about portraying themselves negatively by disclosing lengthy periods of sitting and showed that this could lead to under-reporting. Such self-presentation concerns may at least partly explain why self-report measures typically underestimate true sitting time (42,43), and indeed the broader phenomenon whereby people under-report engagement in health-risk behaviours and over-report engagement in health-promoting actions (44). This is particularly problematic given the prevalence of self-report measures for population-level assessment of sedentary behaviour (45-47), which shapes policy and practice (48). While there is evidence to suggest that some individuals consistently misreport their behaviour (44), questionnaire developers might mitigate this problem by emphasising the anonymity of responses (49). 
	A more fundamental problem highlighted by our data was that participants appeared not to mentally represent time spent sitting as ‘sitting time’. This echoes research demonstrating that people tend to encode sitting into memories of more meaningful acts performed while seated (50). Estimating sitting time required participants to engage in a burdensome and error-prone process of converting seated activities into global sitting time. This problem likely compounds other sources of bias associated with autobiographical recollection, such as memory decay, whereby people fail to remember relevant action episodes (51), and longer intervals between action and recall produce more erroneous responses (52). Actions that are personally meaningful are more likely to be recalled, and are recalled more quickly, than those that lack meaning (53,54), because they are more central elements within the cognitive structures that people use to organise and process information (55). By extension, self-report items may elicit more accurate information where they focus on activities as people perceive them. Activity-specific sitting measures might therefore alleviate burden and reduce error. Measures that estimate total sitting by summing across items assessing multiple contexts (e.g. the MSTQ: “indicate the number of hours and minutes that you spend…”; “sitting while watching TV or movies”, “sitting using a computer of video game”; [11]) may yield more valid data than direct recall items (e.g. IPAQ: ‘how much time did you usually spend sitting on a weekday?’ [10]).
The mental calculation process required to estimate sitting time raised participants’ awareness of excessive sitting time, inadvertently motivating them to change their behaviour. Intervention studies have demonstrated that raising awareness of sitting, albeit via feedback received from others, can prompt people to reduce their sedentary behaviour (56). Ours is the first study to demonstrate that feedback can effectively be self-administered: while participants were able to recall time in seated activities, combining discrete events into an unfamiliar metric corresponding to total sitting time provided novel and potentially motivational information. Such ‘mere measurement effects’, whereby reporting thoughts or actions leads participants to modify their behaviour, have been documented in other domains (57), and are thought to arise because self-reporting makes salient the mismatch between current and ideal behaviour (58). This poses particular problems for research contexts in which sitting is measured over multiple timepoints: attempts to observe natural fluctuations in sitting over time, or to detect effects of purposive interventions, would be contaminated if measurement alone encouraged sitting reduction. Conversely however, future work might investigate the potential for self-reporting sitting time to be used for intervention purposes.
	Limitations of our study must be acknowledged. The act of ‘thinking aloud’ can modify attention and motivation such that questionnaire responses provided while thinking aloud may not resemble those that would otherwise be generated (18,59). Participants may have attended more closely than normal to items, potentially prompting more considered, deliberative responses. The knowledge that responses were being recorded by sedentary behaviour researchers may have prompted socially desirable responding, such as displaying heightened dismay at excessive sitting time. However, we sought to minimise such reactivity by instructing participants to provide descriptive rather than self-evaluative responses, conducting a practice task in the presence of the researcher to verify adherence to and understanding of instructions, and having participants complete the main ‘think aloud’ procedure alone, steps which can minimise reactive responding (18). We recruited a small sample of mostly female office workers, whose experiences and reflections may not generalise to other populations. Our aim, however, was not to provide an exhaustive or generalisable account, but rather to illustrate the thought patterns that may underpin questionnaire responses, and there is no reason to expect our participants’ thought processes to differ from those among others. 
Additional limitations arise from our focus on sitting time, rather than sedentary behaviour more broadly. Critical commentators have highlighted the ableist assumption that sitting is not only synonymous with sedentary behaviour, but is also uniformly undesirable, as this excludes people for whom sitting is unavoidable due to disability, health or wellbeing needs (60). While often treated as synonymous with sedentary behaviour, sitting is a sub-type of sedentary behaviour, as defined as activity requiring ≤1.5 metabolic equivalents undertaken while seated or lying down (61). Not all sedentary behaviour involves sitting, and many seated activities (e.g., playing active computer games) are not sedentary, incurring energy expenditure above 1.5 metabolic equivalents (62). Physical activity guidelines increasingly focus on sedentary behaviour, rather than sitting per se (48), and it is likely that sedentary behaviour questionnaires will also evolve in response to these concerns, rendering sitting-focused questionnaires obsolete. However, our findings likely transcend sitting and reflect broader problems when self-reporting time spent in sedentary activity more broadly. For example, like sitting, people tend not to recognise ‘sedentary behaviour’ as a meaningful standalone activity, so are likely to undertake a mental calculation process when generating estimates of sedentary behaviour (63). In retrospect, a more fundamental limitation of our study is that we excluded people with disabilities that necessitating prolonged sitting, a population which could contribute most insight into the inclusivity of sedentary behaviour questionnaires (60). Developing a comprehensive understanding of responses to sedentary behaviour questionnaires will depend on adopting inclusive recruitment methods and procedures.
	Our study points to potential difficulties affecting self-reported sitting time, most notably due to problems encountered when attempting to translate time in seated activities into total sitting time. Researchers should anticipate these problems when developing or administering questionnaires to measure sedentary behaviour.
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Table. Features of questionnaire items included in study questionnaire, coded according to relevant characteristics in Rivière et al’s taxonomy (8)

	Questionnaire
	Recall period
	Number of sitting-related items
	Dimensions
	Indicators

	
	
	
	Time
	Breaks
	

	International Physical Activity Questionnaire (IPAQ; short-form) (10)
	7 days
	2
	h-m/day
	-
	Duration

	Workplace Sitting Breaks Questionnaire (32)
	Typical workday
	2
	-
	# breaks/h, total time of break during the day at work
	# breaks

	Clemes Single Item Sitting Time Questionnaire (33)
	Today
	1
	h-m/day
	-
	Duration

	Survey Question on Television Viewing (34)
	Typical week
	1
	h-m/day
	-
	Duration

	Marshall Domain-Specific Sitting Time Questionnaire (35)
	Typical weekday and typical weekend day
	10
	h-m/day
	-
	Duration

	Occupational Sitting and Physical Activity Questionnaire (36)
	Typical workday in last 7 days
	3
	%, h-m/day
	-
	Duration

	Aadahl and Jorgensen Physical Activity Scale (37)
	Average weekday
	4
	h-m/day
	-
	Duration

	Multi-context Sitting Time Questionnaire (11)
	Typical workday and typical non-work day
	14
	h-m/day
	-
	Duration

	Active-Q (38)
	Typical day
	6
	h-m/day
	-
	Duration



