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Reflection is widely regarded as a key design goal for technologies for well-being. Yet, recent research shows that technologies
for reflection may have negative consequences, in the form of rumination, i.e. negative thought cycles. Understanding how
technologies support thinking about oneself, which can take the form of rumination and reflection, is key for future well-being
technologies. To address this research gap, we developed the Reflection, Rumination and Thought in Technology (R2T2) scale.
Contrary to past research, R2T2 addresses ways of self-focused thinking beyond reflection. This scale can quantify how a
technology supports self-focused thinking and the rumination and reflection aspects of that thinking. We developed the scale
through a systematic scale development process. We then evaluated the scale’s test-retest reliability along with its concurrent
and discriminant validity. R2T2 enables designers and researchers to compare technologies which embrace self-focused
thinking and its facets as a design goal.
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1 INTRODUCTION

As technologies become an increasingly prevalent part of our lives, they affect our thinking more and more. In
Human-Computer Interaction (HCI), reflection is seen as a key way for technologies to positively affect our
thinking, prompting users to analyse information about themselves and their world [6]. Reflection has been
identified as a desired quality across application domains, most prominently in Personal Informatics (PI), education,
and sustainability [11]. Yet, reflection is not the only way in which technologies can provoke thinking about
oneself. Recent work emphasises the risk of technologies triggering negative thought cycles—rumination [31, 78].
Thus, it is a challenge for HCI to understand the ways in which technologies make users think about themselves
and how to design to support (or avoid supporting) self-focused thought.

In HCI and beyond, there is an active debate regarding the definitions of reflection, rumination and other related
concepts. Some have argued that reflection and rumination lead to opposite consequences (e.g. [75]), whereas
others suggest that their concepts are aspects of a more general phenomenon—self-focused motivation [95].
Consequently, it remains unclear to what extent we can truly analyse and measure how technologies make users
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think about themselves. Although some standardised scales used to measure reflection and rumination have been
developed in the broader social sciences and used in HCI realm (e.g. the Rumination-Reflection Questionnaire [105],
Self-Reflection and Insight Scale [44] and Groningen Reflection Ability Scale [4]), the majority of these scales
have been developed to measure a person’s natural predisposition—also called ‘trait’—towards these cognitive
processes. In HCI, the Technology-Supported Reflection Inventory [10] was designed specifically to measure
reflection, yet it can only be applied to systems designed with a focus on data. Consequently, in order to develop
systems which effectively support users in self-focused thinking, there is a need for a measurement instrument
which would include reflection, rumination and other facets of how technologies provoke thinking about oneself.

To this end, this paper contributes the development and validation of the Reflection, Rumination and Thought
in Technology (R2T2) scale, a scale that evaluates to what extent a technical artefact fosters reflection, rumination
and self-focused thinking. This paper is structured as follows. First, we explore previous work on the theories
of reflection, rumination and other self-focused attention, which form the theoretical underpinnings of R2T2.
We then report on the development and validation of the scale. Finally, we discuss the implications of our scale
design and possible applications for R2T2.

2 RELATED WORK

In this section, we summarise the prevailing perspectives on reflection and rumination in HCIL Next, we explore
past research in HCI and related fields that attempted to design for and measure reflection in technology-related
scenarios. We conclude by discussing viewpoints on self-focused thinking, also known as ‘self-focused attention’
in the field of Psychology.

2.1 Reflection and Rumination in Human-Computer Interaction

Reflection and rumination are two cognitive processes that have been researched in a variety of fields, including
Psychology, Cognitive Science and Human-Computer Interaction. Here, we discuss reflection and rumination
from a multitude of perspectives to inform our adherence to a specific definition for each of the concepts.

The Dual-Process (DP) model, which makes a distinction between Systems 1 and 2, referring to fast and intuitive
decision-making, and slow and deliberate decision-making, respectively [37, 38, 51, 52], is a well-known topic
both in the mainstream and in the academic world. Cognitive reflection has been thought to be related to people’s
propensity to use their System 2 [14, 43, 51, 52, 98]. Reflection and rumination are argued to be akin to one
another [105], given that they both refer to cognitive processes entailing ‘thinking about the self” [76]. Reflection
can be a result of curiosity (about oneself) [78]. Hence, it is commonly associated with positive feelings [105]. In
the context ofpersonalinformatics, Parker [83] defined reflection as a process in which a person’s past, present
and future behaviours regarding their health and well-being are considered. Another framework developed
by Fleck and Fitzpatrick [41] describes reflection as a process consisting of several levels: R0 (description), R1
(reflective description), R2 (dialogic reflection), R3 (transformative reflection) and R4 (critical reflection).

Contrary to reflection, rumination is considered to be a negative cognitive process, as it can involve a focus
on loss and failures [76, 97]. In fact, work by Niess et al. [78] found that negative thought cycles—which is
typically used as one of the definitions of rumination—can be one of the negative consequences of reflection,
especially in the context of technologies that are aimed towards reinforcing reflection. From a Cognitive Science
standpoint, prior work suggests that self-focused rumination in response to dysphoric states (e.g. depressed
moods, anxiety, or anger), has a multitude of negative consequences, including problem-solving deficits, impaired
attention and concentration, and negatively biased thinking [49, 65-68, 80, 84, 88]. Consequently, one’s thoughts
and attention are likely to be drawn to negative memories when persistent focus is being drawn to feelings and
life circumstances [109], which is likely due to the fact that a person’s mood influences how retrievable similarly
framed memories are (e.g. [12, 15, 16, 42, 58]).
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While studying reflection has been a recurring theme in HCI, the research community lacks consensus on
a clear definition of this concept [6, 8]. For example, Anderson [2] summarises the definition of reflection as a
‘conscious, experientially informed thought, at times involving aspects of evaluation, criticality, and problem-
solving, and leading to insight, increased awareness, and/or new understanding’ (p. 480). Whereas reflection is
frequently described as a positive cognitive process, rumination is—on the other hand—commonly considered a
similar process, but negative. In particular, rumination is described as a thought process that results in negative
feelings and even negative actions [97]. Consequently, rumination may lead to goal discrepancy and failure [70].
Reflection and rumination are sometimes also described in terms of ‘directionality’. For example, Eikey et al.
[31] argue that reflection has a purpose to the thinking process, whereas rumination does not due to its circular
nature. Additionally, Morin [76] provides a classification scheme for so-called ‘self-related terms’, which includes
processes like self-reflection and self-rumination. Morin [76] defines rumination as a neurotic self-attentiveness
through persistent and negative self-focus, which is typically awakened if a person perceives threats to the self,
or experiences loss or injustice.

Due to this lack of consensus, various conceptual and theoretical accounts co-exist within HCI [96]. Most
HCI papers use Schon’s [93] concept of reflection-in-action and reflection-on-action [11]. In parallel, past work
in HCI applied alternative definitions by Boud [86], Dewey [6, 24], Mezirow [73, 81, 110], or Moon [41], all of
which consider reflection as a retrospective process, akin to reflection-on-action. The diversity of approaches
illustrates the HCI community’s quest to conceptualise reflection to inform the design of technologies for aiding
users’ reflection. In this paper, we explore how HCI can quantify reflection and related processes, contributing a
broader understanding of how technology supports reflection and related forms of thinking.

2.2 Self-Focused Attention and Thinking

Similarly to the previous section, we discuss the construct of self-focused attention and self-focused thinking
from a cognitive, psychological and HCI standpoint to inform our scale development process.

The construct of self-focused attention originates from social-psychological theory and self-evaluation re-
search [30]. Later, Carver [18] defined this construct as attention that is self-directed, i.e., towards one’s attitudes
or previous events, which can take on the form of ‘enhanced awareness of one’s present or past physical behavior,
that is, a heightened cognizance of what one is doing or what one is like’ (p. 1255). Notably, the literature has
reported on the connection between self-focused attention and negative affect, like clinical disorders, including
depression [61, 77, 84], anxiety [20], social anxiety [17], test anxiety [91, 92, 112, 113], and even alcohol abuse [48].

Recent work in HCI noted that the range of thinking about oneself that technology can provoke goes beyond
reflection. For example, Eikey et al. [31] illustrated how applications for dieting can trigger negative thought
cycles, i.e. rumination. Along similar lines, Niess et al. [78] explored visualisations for tracker goals and found
that visualising goal failure can lead to rumination. Consequently, there is a need for HCI to consider the
relationship between rumination and reflection. Silvia et al. [95] argue that although reflection and rumination
differ in their motivation behind self-focused attention, their similarity is rooted in the person’s heightened
inwardly-focused attention. Alternatively, reflection and rumination have also been described as private sub-
consciousnesses [105]. Trapnell and Campbell [105] argued that it is crucial that the assessment of these self-
focused cognitive processes is separate due to the differing reasons and motivations for people to start self-focusing.
Although reflection and rumination are self-focused processes, there is a lack of agreement on whether or not
they are ‘attention’- or ‘motivation’-focused. For example, the notion that reflection and rumination measure
motivation rather than attention is supported by Teasdale and Green [103]. Notably, it has been found that
neuroticism is a highly predictive factor for rumination, which is commonly described as an underlying motivation
layer to rumination [103]. Rumination is sometimes also described as a ‘tendency’ related to self-focus, and as a
result, a predisposition for mental health problems like depression and anxiety [80]. At times, neuroticism is a
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predictor for such negative self-focus outcomes [40]. Self-focus is sometimes also referred to as self-consciousness
or self-awareness [40]. However, measuring rumination through neuroticism is unnecessarily difficult, hence
posing issues with rumination’s incremental validity [95].

Self-focus is commonly described as an aversive mechanism, possibly magnifiying negative emotional states,
but researchers have started to argue that foci on either positive or negative aspects of the self are separate
types of processes (e.g. [74]). In fact, some adaptive and beneficial outcomes to self-focused attention can be
conceptualised into decision-making and self-regulation processes, hence resulting in increased self-knowledge
and psychological adjustment [69, 105]. Trapnell and Campbell [105] distinguish this contradiction through
the Rumination-Reflection Questionnaire (RRQ), which defines reflection and rumination as two subtypes of
‘private self-consciousness’. Prior work (e.g. [19, 45]) has also tried to quantify self-focus through concepts
like ‘insight’ [44], ‘satisfaction’ [29], ‘self-consciousness’ [39] and ‘well-being’ [89]. Despite the attempt to
conceptualise self-focus through those concepts, there is no consensus in the field on how to approach it in
applied settings, like HCI and PIL. Generally, it remains unclear what definite or alternate factors contribute to
self-focus.

2.3 Supporting Reflection and Rumination with Technology

Studying reflection in a technological context is a recurring topic in HCI research, particularly PI In the Ubicomp
community, designing for reflection is a often seen as a design goal. In 2020, Epstein et al. [35] conducted a
literature review of PI literature. One of the main findings was that HCI literature, including the Ubicomp
community, focuses primarily on gaining an understanding of reflection, including how technologies for well-
being and health can be designed to support reflection. At the same time, the authors note that the field lacks
artefact contributions. Notably, Li et al. [63] argue that Ubicomp technologies, including PI tools, should be
designed around the users’ self-reflection needs. Through interviews, the authors found that users tend to reflect
on their data based on aspects like Status, History, Goals, Discrepancies, Context and Factors. Reflection features
prominently in well-being applications. For instance, Kay et al’s [54] Lullaby was an application that combined a
touch screen device and sensors to allow a user to reflect on what factors may cause potential disruptions in their
sleep. Another example of reflection-supporting work in the Ubicomp community is by Chang et al. [21], who
designed Lunch Line, a system consisting of a public display and a personal web application to promote healthier
eating habits in the workplace. Consolvo et al. [26] designed UbiFit, a system employing positive reinforcement
to offer opportunities for self-reflection. Each of these works approach the study of reflection in a unique manner,
highlighting a need for a standardised measure that can be applied across a wide variety of technologies and
implemented in different stages of development.

In Li et al’s [62] Stage-Based Model of Personal Informatics Systems, reflection is seen as a stage that comes after
the preparation, data collection and integration phases. Following this reflection stage, users proceed to take action,
which marks the final stage in Li’s model. Epstein et al. [36] later expanded upon this model with the introduction
of the Lived Informatics Model of Personal Informatics. While these two models offer a broad overview of the role
of reflection in PI, their description of the reflection stage offers limited detail. As pointed out by Baumer et al.
[8], Li et al’s and Epstein et al’s models assume that reflection is naturally triggered when users access ‘prepared,
combined and transformed’ data. However, this contradicts reflection theories, which emphasise that reflection
does not always happen automatically but requires encouragement [96], such as sometimes offered by fitness
tracking technologies in the context of achieving fitness goals [79].

Simultaneously, there is a strong body of work that considered designing technological tools for reflection [3,
5, 7, 50]. MoodMap is a computer application designed for reflection at the workplace, encouraging users to
track their mood and compare it with colleagues [86]. Trackly [5] is designed for individual use, aiding patients
with Multiple Sclerosis to manually track their symptoms and reflect their data through visualisations. While

Proc. ACM Interact. Mob. Wearable Ubiquitous Technol., Vol. 8, No. 2, Article 59. Publication date: June 2024.



Technology which Makes You Think « 59:5

Trackly focuses on individualistic reflection, MoodMap emphasises the role of social interaction in encouraging
reflection. Valkanova et al. [107] in ‘Reveal-it!” presented an interactive public display for visualising energy
consumption data. Users voluntarily input their data, which is then displayed as sunburst charts. Their installation
fosters reflection by encouraging comparison to others and creating neighbourhood-wide statistics.

These examples indicate specific qualities of interactive systems that contribute to their efficiency in supporting
reflection. While these systems address various application areas, fostering reflection is their overarching quality.
Future designs can benefit from comparing prototypes at various design stages to identify the most optimal
alternatives for their context of use. Yet, current practice lacks effective methods for evaluating reflection-
supporting systems, particularly if these technologies are not centred on data. In our work, we aim to address
this gap by developing a validated evaluation method for such systems—a scale.

In summary, past research in HCI suggests that rumination may arise whenever a technology supports reflection.
Given that there is no consensus in Psychology on the mechanisms behind these phenomena, there is a need to
operationalise reflection and rumination. This can enable a better understanding of how to design technologies
that may evoke rumination and/or reflection. In this work, we provide a scale that allows for informed design
with reflection and rumination in mind. To account for the varying views on what kind of thinking technology
can foster, our scale development process includes reflection, rumination and other kinds of self-focused thinking
as candidate factors.

2.4  Measuring Reflection and Rumination

To create a useful reflection measure for HCI, we first explore existing reflection measures in other fields. Various
scales have been developed to gauge a person’s reflective capacity. The two most prominent scales are the
Self-Reflection and Insight Scale (SRIS) [44] and the Groningen Reflection Ability Scale (GRAS) [4]. The SRIS
was developed to help researchers probe socio-cognitive and meta-cognitive processes of individual change [44].
The scale consists of three factors: engagement in self-reflection, need for reflection and insight. Analogously,
the GRAS also examines reflection on three dimensions: self-reflection, empathetic reflection, and reflective
communication. Self-reflection involves introspectively framing one’s feelings, thoughts, beliefs, and norms.
Empathetic reflection extends self-reflection into the social sphere, where one considers others’ perspectives,
while reflective communication encompasses both self-reflection and empathetic reflection behaviourally [4].
In 2021, Bentvelzen et al. [10] developed a Technology-Supported Reflection Inventory (TSRI) that provided an
assessment tool for data-driven reflection in a technological context. Their scale examines reflection in dimensions
of Insight — describing the extent the interactive technology offers insight to users, Exploration — evaluating ease
of use and enjoyment of data exploring, and Comparison — measuring the social dimension of comparing oneself
to others, providing a holistic overview of qualities of reflection-supporting artefacts.

Drawing from insights in Psychology, both SRIS and GRAS probe a person’s reflective capacity, linking
the tendency to experience reflection to one’s personality traits. However, our review of interactive solutions
indicates that interactive technologies can enhance user’s reflective capacity. Thus, related work implies certain
qualities that determine the effectiveness of interactive technologies in supporting reflection. Nevertheless,
these scales were primarily developed with participants from medical and psychological backgrounds, making
them most suitable for use in those contexts. Therefore, there is an emerging need for measures that would
allow for the evaluation of technology-supported reflection from a system-centric viewpoint. To inform future
designs of technologies for reflection, it is essential to develop technology-oriented tools to assess the qualities
of interactive artefacts that aim to trigger or foster reflection. A systematically developed, technology-focused
instrument, validated using rigorous techniques like confirmatory factor analysis and test-retest procedures, holds
the potential to enable more in-depth and appropriate examination of reflection within HCI systems, especially
within the domain of personal informatics.
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Scale Development Scale Validation

Initial Item Generation Confirmatory Factor Analysis (CFA)

n=145

|

Test-Retest Reliability

Result: 95 items

Y

Feedback from 5 Experts on Initial Item List
n=23

Y

Elimination: 39 items
Result: 56 items

Discriminant Analysis

\ 4 n=>55
Exploratory Factor Analysis (EFA) ¢
n =205 Differentation between 'Known Groups'
Elimination: 47 items
Result: 9-item R2T2 Scale n=55 CO(n) = 27, C1(n) = 28

Fig. 1. A detailed overview of the development and validation process for the R2T2 scale. The Discriminant Analysis and
Test-Retest Reliability phases are coloured in grey to signify that they were conducted in parallel.

3 METHOD

Our review of related work shows that the concepts of self-focused thinking, reflection, and rumination in
interactive artefacts are important to HCI work yet require more systematic understanding. To this end, we
decided to develop a structured questionnaire. A validated questionnaire would provide designers and researchers
a tool to gauge systems in terms of their capacity for self-focused thinking. Moreover, by selecting appropriate
scale items, we can deepen our insights into how users perceive and understand self-focused thinking in these
systems.

We employed a systematic approach to craft our scale, drawing inspiration from the methodologies summarised
by Boateng et al. [13]. Recent research in HCI contributed a number of scales, which also influenced our method
choices. We used a varimax rotation for factor analysis as performed by Mejia and Yarosh [72] and Bentvelzen
et al. [10]. Similarly to Bentvelzen et al. [10] and WoZniak et al. [114], we used expert feedback to refine the
initial item list by allowing experts to freely comment on the items, and we used Confirmatory Factor Analysis,
Differentiation between Known Groups, Discriminant Validity and Test-Retest Reliability as evaluation methods
to test the scale’s validity and reliability. Figure 1 presents a detailed overview of the scale formation and validation
processes. The data collected from both the development and validation stages, the full demographic data of the
participants, and the R script to run the analyses are available in the auxiliary material.

The ethics procedures necessary for this study, including participant recruitment, were conducted in compliance
with the regulations of the local jurisdiction associated with the first author’s affiliation.
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4 SCALE FORMATION

In this section, we describe the development of the R2T2 scale, starting with the theoretical background and
conceptual considerations to initialise a first list of potential items for the scale and ending with a final list of
items for validation.

4.1 Initial [tem Generation

In order to generate items to develop a standardised scale, we reviewed literature on reflection, rumination and
other related concepts. To generate the items, we used core literature on reflection, as reviewed above, as starting
points. Through the exploration of related work, we identified several theories, scales and concepts related to
reflection, rumination and self-focused thinking. In particular, we reviewed Trapnell and Campbell’s [105] paper
on the development of the Rumination-Reflection Scale (RRQ), a commonly used standardised scale in the field
of HCI and PI in order to measure a participant’s trait reflection and rumination, with the aim to inspect the
rationale behind constructing the scale. Similarly, the Self-Reflection and Insight Scale (SRIS) developed by Grant
et al. [44] was used both as an inspiration for the scale and as a core paper for our search on reflection theory.
The last core paper with the aim to conceptualise reflection and rumination is by Eikey et al. [31].

We further used literature about reflection, focusing on Schoén [93], Fleck and Fitzpatrick [41], Leary et al.
[59], Epstein et al. [36] and Li et al. [62]. We also considered related concepts like self-compassion (e.g. [90]) to
inspire the initial generation of items.

The first author generated the items based on related work from a variety of research fields, including
HCI,personalinformatics and Psychology. Next, the second and last author, two experienced researchers in HCI
andpersonalinformatics with different academic backgrounds, evaluated all the items and provided extensive
feedback on them. We interatively discussed how to narrow the focus of the scale so that it would specifically
address interactions with technology. Based on these discussions we defined criteria for items to be considered.
This also ensured that we did not consider concepts addressed by existing scales. We ensured that the items did
not pertain to personality, habits, how individuals perceive technology, behavioural changes, or connections to
other people. Instead, they focused on the immediate use of technology and how it aids thinking processes. It was
imperative that they did not specify any particular types of technologies or their applications, like personal data.
If any item had two or more subsentences, we split them to maintain clarity. Lastly, we prioritised the use of
accessible language to cater to a wide range of individuals. After two feedback rounds, the items were approved
by the second and last author. This left us with an initial list of 95 items.

4.2 Expert Reviews

Per Boateng et al’s [13] guidelines for the item reduction process, we asked HCI and Health Technology experts
to provide feedback on this initial list of items. In particular, we recruited research experts who had experience
and broad knowledge of technologies that facilitate reflection. As such, these experts were able to judge the
relevancy of the items for measuring reflection and related cognitive processes. Furthermore, these experts were
able to identify phrases that may be hard to understand for users with varying degrees of lived experience with
reflection-enhancing technologies, hence aiding in the process of removing problematic items from the list. The
experts were aged 34-58 (M = 40.40, SD = 10.14), whereby n = 3 identified as male, n = 1 as female, and n = 1 as
non-binary. The sample included participants from a variety of academic positions and occupations, including an
Assistant Professor, an Associate Professor, a Research Institute Director, and a Research Group Lead. Experts
were asked to provide their opinions on all items in an online spreadsheet. Given the conceptual flux in HCI
with regard to reflection and rumination, we decided not to take a quantitative approach but rather to gather
qualitative feedback. After collecting the feedback from all experts, we adopted a restrictive approach where
we eliminated items if they were considered problematic by at least one expert. Additionally, we altered items
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accordingly if an expert found the item relevant but provided a suggestion on how to improve it. These revisions
resulted in the elimination of 39 items, resulting in a list of 56 items for the next step of the process.

4.3 Exploratory Factor Analysis and Item Reduction

After the expert reviews, we designed an online survey on the Qualtrics XM platform in order to conduct an
exploratory factor analysis. The survey asked participants to assess an artefact on the 56 items. The artefact to be
assessed was a dashboard of the MyFitnessPal application. With the aim of facilitating reflection and rumination,
we included positive, neutral and negative stimuli in the dashboard. These stimuli are grounded in Tversky and
Kahneman’s [106] so-called ‘Framing Effects’ by making negative or positive cues more accessible. A person’s
perception of technology is partially based on their prior experiences, and although framing is recognised as
a cognitive bias [106], the inclusion of positive, negative and neutral stimuli offers a range of responses to
the artefact. For example, prior work has also shown that positive [22] and negative framing [55] can support
reflection. Though, notably, framing has some positive effects, including the cultivation of self-efficacy [22]. For
the positive framing, we used the light-based framing approach by incorporating a variety of colours (e.g. [60]).
For the negative framing, we avoided using strong colours for ethical purposes. Instead, the non-fulfilment of the
goal is displayed at the top of the image with relatively large fonts. Framing is argued to be one of the manners
in which we contextualise information, as shown by Epstein et al. [34] and Bentley et al. [9]. Another example
is a study by Loerakker et al. [64], who found that framing techniques—in the form of highlighting successes
and failures in one’s data—significantly influence cognitive processes like self-reflection, rumination, and even
self-compassion. For the neutralframing, the cues are made less accessible by putting emphasis on an ordinary
pie chart.

Here, we note that there is no consensus in the literature on how many inputs are to be presented to participants
during a scale development questionnaire. Ultimately, the goal of the procedure is ‘that the scale used generates
sufficient variance among respondents for subsequent statistical analysis’ [46, p. 972]. Further, the scale developed
here is what Torgerson [104] would call a response scale, i.e., a scale where score variation is attributed to both
items and subjects [28]; in our case, the participants’ character traits will lead to them perceiving the interactive
systems differently and past literature has shown that approaches to technology-supported reflection are varied
across the population [11]. Past approaches in developing scales that rate a particular artefact included piloting
two mobile applications and using one application in the questionnaire for a mobile application scale [99]. An
alternative approach was not controlling what was rated in a course rating scale [111]. We note, that the scale
development process used here relies on reliability within the candidate scale items. This, in turn, that our analysis
is reliable as long as the questionnaire results in generating enough variance. We aim to achieve this by using a
dashboard which will elicit a range of responses among diverse participants.

Further, the MyFitnessPal app was used as we expect most participants to be familiar with the principles of diet,
calorie and health tracking as presented in these types of apps. Further, we chose MyFitnessPal as it was the most
used application in the ‘Health and Fitness’ category across Apple and Google stores at the time of the study.! Our
choice was further based on previous work by Eikey et al. [31], which showed that diet data could elicit a range
of different facets of self-focused thinking. Figure 2 displays the stimuli used. This allowed us to engage a broad
audience, including those unfamiliar with personal informatics, in reflection and rumination. Thedashboard can
induce varied user interpretations, which, would effectively support the process of item reduction. We note that
the role of the dashboard in our work is to stimulate responses effectively in order to measure how items correlate
and the exact assessment (score) of MyFitnessPal by the participants is irrelevant in terms of item reduction. We
collected all data using Qualtrics XM.

IDetermined using https://www.data.ai/.
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Fig. 2. The MyFitnessPal dashboard used for participants to rate using the R2T2 scale’s initial item set. The three pictures
in the dashboard each represent a negatively, neutrally and positively framed message. The left picture is negative, as this
shows that the user has not reached their weight goal yet. The centre picture is framed neutrally, as the user has reached
their macronutrient goal for fats and proteins but not for carbs. The right picture has a positive framing, as the green colours
suggest that the user is doing well in getting enough nutrients.

4.3.1 Participants. In total, we recruited n = 205 participants, in line with sample size suggestions by Comrey
[25], aged from 19 to 64 (M = 30.49, SD = 9.82) through the online recruitment platform Prolific.? Participants
were paid at a rate of 6 GBP per hour, the recommended Prolific rate at the time of the study. In the sample, n = 90
participants identified as female, n = 110 identified as male, n = 4 as non-binary, and 1 participant preferred not
to say. Due to the specifics of Prolific, all participants resided in the United Kingdom or the United States.

4.3.2  Results. We followed an iterative item reduction process as described by Boateng et al. [13], using ex-
ploratory factor analysis (EFA) with varimax rotation, similar to Mejia and Yarosh [72] and Bentvelzen et al. [10].
Visual inspection of Scree plots indicated that the solution had three or four factors. Yet, a four-factor solution
only had one item loading on the fourth factor. Thus, we proceeded with item reduction for a three-factor scale.
We removed low-loading items and items which loaded on multiple factors. In doing so, we computed theoretical
Cronbach’s alphas to optimise reliability. Alpha values were satisfactory (a > 0.70 [101]) for the three factors
and the full scale. Also, we computed the Tucker Lewis Index for the theoretical correlational three-factor model,
TLI = 0.97, and the Root Mean Square Error of Approximation of RMSEA = 0.05, which conformed to the
minimum required parameters [13]. The process resulted in a three-factor scale with three items per factor. In
an integrative discussion with the authors, we analysed the items and compared our results to the theoretical
background of the scale. We found that the factors corresponded to the concepts of reflection (REF), rumination
(RUM), and self-focused thinking (THK). We decided to adopt these factor names for the scale.

5 THE R2T2 SCALE

These final set of dimensions describe the qualities of any technology for a variety of cognitive processes. Table 1
presents an overview of all the items.

2https://app.prolific.co/
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5.1 Reflection

This dimension represents the degree to which the technology stimulates reflection in the user. In other words,
this dimension describes the extent to which a person’s positive self-focus is prompted. The items from this
dimension are inspired by a variety of works on, i.e., reflection. Item REF1 is inspired by Anderson [2] with their
quote: ‘reflection is conscious, experientially informed thought, at times involving aspects of evaluation, criticality,
and problem-solving, and leading to insight, increased awareness, and/or new understanding’ (p. 480). Item
REF2 is inspired by Slovak et al’s [96] conceptual framework of the Social-Emotional Learning (SEL) experience,
wherein reflection-in/on-action can take place when a person is given the ability for the ‘safe exploration of
alternative actions’ (p. 2701). Inspiration for item REF3 was taken from Epstein et al’s [36] Stage-Based Model,
which outlines the process of learning from one’s behaviour and making changes in one’s life: ‘We define this
practice of tracking and acting as the ongoing process of collecting, integrating, and reflecting’ (p. 735).

5.2 Rumination

The second dimension describes to what extent the technology fosters rumination when a user is exploring
and/or interacting with it. Similar to the reflection dimension, the rumination dimension is inspired by works
from a wide range of authors. In specific, RUM1 was constructed based on concepts from work by Smith and
Alloy [97], whom argue in their work that unhappiness (e.g. stress, sadness) can initiate a self-regulatory cycle,
which is also called the ‘ruminative cycle’ in the field of Psychology. RUM2 was constructed from the following
quote: ‘rumination often results in stagnation, where individuals think, rethink, and rehearse something without
making any progress about or understanding of what that something means for the big picture’ [31, p. 604].
The last item from the RUM subscale, RUM3, is a reconstruction of an item from Trapnell and Campbell’s [105]
Rumination-Reflection Questionnaire: ‘I tend to “ruminate” or dwell over things that happen to me for a really
long time afterward’

5.3 Self-Focused Thinking

The last dimension focuses on the measurement of the degree to which a user ‘thinks’ about the self when using
a technology. The items are based on prior work on the SRIS scale [44]. In specific, THK1 is a reconstruction
of item ‘Tt is important to me to try to understand what my feelings mean’, THK2 is a reconstruction of item ‘I
usually know why I feel the way I do’, and THK3 is a reconstruction of item ‘It is important to me to be able to
understand how my thoughts arise” We note that the three items address how technology supports a general
understanding of oneself and directs attention to one’s feelings and state. Thus, we consider these items to be in
line with the concept of self-focused thinking [95].

6 VALIDATING THE R2T2 SCALE

In order to validate our R2T2 scale, we used several standard validation methods, namely Confirmatory Factor
Analysis (CFA), Discriminant Validity, Differentiation between ‘Known Groups’ and testing for Test-Retest
Reliability [13]. We first built and validated a bifactor model for the scale, which we later validated with CFA.
Having confirmed the validity of the model, we performed the other tests.

6.1 Confirmatory Factor Analysis

We conducted an interactive CFA to find the best model which would fit the factor structure of R2T2. To that end,
we first recruited additional participants who completed the R2T2 survey with the nine items only. We note that
CFA is not always used in scale development in HCI [72, 100], yet, according to Boateng et al. [13], it is necessary
for scale quality. Here we adopt an approach common in the behavioural sciences, where we examine the factor
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Table 1. An overview of the R2T2 scale items categorised in the three factors ‘reflection’, ‘rumination’ and ‘self-focused
thinking’. For each of these factors, we report their Cronbach’s alpha, and for each item of these dimensions, a factor loading
is provided.

The Reflection, Rumination and Thought in Technology (R2T2) scale, « = 0.73

Factor and items Factor Loading

Reflection, o = 0.73

REF1: Using this technology made me conscious of my behaviours 0.79
REF2: This technology helps me to be able to reflect more easily on my actions 0.62
REF3: This technology supports reflecting on my behaviours as an ongoing activity 0.65

Rumination, a = 0.75

RUM1: This technology can put me in a negative thought cycle 0.73
RUM2: This technology makes me more likely to ruminate about a past situation 0.68
RUMS3: Using this technology can make me ruminate or dwell over things that happened for a long time afterward 0.72

Self-Focused Thinking, @ = 0.87, General factor

THK1: This technology makes me feel that it is important to me to understand what my feelings mean 0.84
THK?2: This technology supports me in usually knowing why I feel the way I do 0.73
THK3: This technology makes me feel that it is important to me to be able to understand how my thoughts arise 0.90

Table 2. Comparison of three theoretical models for R2T2. The bifactor model offered the best performance.

Model Ay?  df P RMSEA TLI CFI SRMR
Unidimensional 0.23 0.38 0.54 0.18
Three-factor correlational 469.72 27 < .001 0.05 091 0.92 0.05
Bifactor 23.89 24 < .001 0.01 099 0.99 0.02

structure of a scale by comparing multiple models which fit the theoretical background of the scale. A prior
HCl-related example of such a procedure was Vintila et al. [108]’s work on the smartphone addiction scale.

6.1.1  Participants. For the CFA, we recruited a total of n = 145 participants in addition through Prolific. The
additional participants were remunerated similarly to those who partook in the EFA. For the sample of n = 145
participants, n = 81 identified as male, n = 63 as female, and 1 participant as non-binary. The participants were
aged from 18 to 63, M = 27.86, SD = 8.16.

6.1.2 Modelling. We computed three models which could constitute the underlying structure of R2T2. The first
model represents the naive approach—a unidimensional scale. Second, we built a correlational model with the
correlation between all factors, which is the solution most commonly used in HCI scales [72, 114]. Third, we
also computed a bifactor model where self-focused thinking is a general factor. This model reflects the theory
proposed by Silvia et al. [95] where rumination and reflection are facets of a more general phenomenon. We
use chi-square tests to compare pairs of models. We adopted target model parameters from Boateng et al. [13]:
RMSEA < 0.06, TLI > 0.95, CFI > 0.95, SRMR < 0.08. The bifactor model was the only one which conformed to
the target criteria, as seen in Table 2. Figure 3 shows the final model with standardised weights.
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Fig. 3. The bifactor model underlying R2T2. Three factors, reflection (REF), rumination (RUM) and self-focused thinking
(THK), describe how technologies can foster thinking about oneself.
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6.2 Discriminant Validity

Discriminant validity describes to what degree the scale in question is novel rather than a reflection of another
construct or scale [23]. To analyse the scale’s Discriminant Validity, we conducted an online survey.

6.2.1 Participants. For the discriminant validity analysis, we recruited n = 55 participants through Prolific,
which is a similar sample size to previous work (e.g. [10, 114]). Participants were compensated with 6 GBP per
hour, as per Prolific’s recommendation. The participants were aged 19-68, M = 28.24, SD = 9.33. In this sample,
n = 19 identified as female, n = 35 as male, and n = 1 as non-binary.

6.2.2  Scales for Comparison. We compared our scale to scales that measure similar constructs and/or inspired
our development of R2T2. We used the TSRI [10], which is a scale to measure the extent in which a person reflects
on their personal data. We also compared R2T2 to the RRQ [105] as it similarly features reflection and rumination
as factors. Further, we also collected responses to the short form of the User Engagement Scale (UES-SF) [82] in
order to ensure that we can differentiate between self-focused thinking and simply grabbing attention. Finally, we
compared R2T2 to the Goal Commitment Scale [47] to ensure that our scale was separate from the complexities
of goal setting as it is often intertwined with reflection [79].

6.2.3 Results. To calculate the degree to which R2T2 and the scales used for comparison are correlated, we
conducted Spearman correlations for all comparison pairs, in line with Boateng et al. [13]. Table 3 presents a full
overview of the correlations between the comparisons.

The results on the R2T2 scale’s reflection dimension indicate that the R2T2 is conceptually different from the
other scales. There is a moderate correlation between R2T2-REF and the TSRI and two of its subscales. This
can be attributed to the fact that the TSRI also measures reflection. Yet, the TSRI is only tailored to data-driven
reflection. The larger scope of R2T2 and low correlation with its other factors allow us to conclude that our scale
offers adequate discriminant validity compared to the TSRI. We also note weak-to-moderate correlations with
scales that measure activities which were found to accompany reflection, especially those measured on the UES
scale. This includes focused attention (UEF-FA) [82], reward (UES-RW) [82] and goal completion (GC) [47]. Other
research has also suggested that users expect, i.e., a rewarding outcome or experience after having used-or even
reflected on-a technology, like an app (e.g. [53]). There was also a moderate correlation with trait rumination
(RRQ-RUM) which shows that character traits may influence the R2T2 score. In sum, most of the correlations
are low to moderate [85], indicating that R2T2 measures other concepts. The scale does have some overlapping
properties with the TSR], yet it is broader in scope.

6.3 Differentiation between ‘Known Groups’

Differentiation between ‘known groups’-also known as a comparison between known groups—examines the
extent to which a newly developed scale can identify significant differences between binary items, or ‘groups’,
where their difference is found in the variable the scale aims to measure [23]. We evaluated the R2T2 using
this method to verify its possibility to differentiate between technologies that do and do not evoke self-focused
thinking.

6.3.1 Survey. To conduct this analysis, we created two 30-second videos representing the conditions. For the
Control Condition (SPOTIFY), we created an interaction video with the Spotify app interface on the mobile
phone, see Figure 4. This type of interaction was chosen as there are no clear stimuli for self-focused thinking.
For the Alternative Condition (FITBIT), We created a slide show of Fitbit’s smartphone app interface. The slide
show mainly focused on stress-related metrics, including stress management scores, and smiley visualisations to
indicate a person’s stress level and heart rate. Due to the stress-related design and data elements, we hypothesised
that this condition would excite more self-focused thinking, including reflection and rumination. Our assumption
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Table 3. Correlation matrix for the R2T2 scale and its subscales and other scales from the research field, including the
User-Engagement Scale (UES) and its subscales, the Goal Commitment Scale (GS), the Rumination-Reflection Questionnaire
(RRQ), and the Technology-Supported Reflection Inventory (TSRI) and its subscales. Asterisks denote p-values: * p < .05, **
p <.01,""* p <.001.

R2T2 R2T2-REF R2T2-RUM R2T2-THK

R2T2-REF  0.50***
R2T2-RUM 0.75*** 0.19

R2T2-THK 0.76"** 0.23 0.29
UES-SF  0.28 0.28 -0.09 0.40™*
UES-FA 0.40**  0.03 0.39** 0.29
UES-PU 0.15 -0.09 0.31 0.05
UES-AE 0.20 0.27 -0.11 0.29
UES-RW 0.22 0.34* -0.14 0.37**
GC -0.02 0.37** -0.19 0.01
RRQ-REF -0.02 0.08 0.01 0.02
RRQ-RUM 0.19 0.22 0.35** -0.09
TSRI 0.34* 0.50*** -0.03 0.41**
TSRI-I 0.40**  0.60™** 0.01 0.41**
TSRI-E  0.41**  0.62*** 0.18 0.29
TSRI-C 0.12 0.11 -0.16 0.32*

was based on a large body of research on fitness tracking and reflection/rumination [36, 78]. In a between-subject
online survey in Qualtrics XM, the participants were shown one or the other video. We then asked them to
complete the questionnaire with R2T2’s items.

6.3.2  Participants. We recruited n = 55 participants through Prolific. Similar to previous steps in the process,
participants were compensated with 6 GBP per hour. For this comparison analysis, a between-subject study
design was used, whereby n = 24 participants identified as female and n = 31 participants as male, aged 20-54
(M = 28.24, SD = 7.87).

6.3.3 Results. We conducted a Mann-Whitney U test to investigate if there were significant differences for
the R2T2 scores between the two conditions. For the Reflection subscale, we found that U(54) = 235, p < .05.
The result for the Rumination subscale was U(54) = 313.5, p = .28. For the full R2T2 Scale, the result was
U(54) = 243, p < .05. In summary, we found a significant difference between the two conditions for the full R2T2
scale, including its reflection subscale, but not for its rumination subscale. This shows that R2T2 was effective in
detecting the difference between a system prototype that evokes no self-focused thinking and a system tailored for
that purpose. The scale effectively showed which aspect of self-focused thinking was relevant in the comparison.

6.4 Test-Retest Reliability

At last, we evaluated R2T2’s reliability over time, i.e. temporal stability. The appropriate time interval between
two measurement instances for assessing test-retest reliability in scales related to interactive technology is still
debated. Marx et al. [71] identified no notable discrepancy between intervals of two days and two weeks. In our
research, we employed an interval spanning seven to ten days. We asked participants to rate the MyFitnessPal
dashboard (see Figure 2) using R2T2’s items.
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Fig. 4. The control (SpoTiFY) and alternative (FITBIT) conditions used for the Differentation between ‘Known Groups’ validity,
with the left picture representing SpoTiFY and the right picture FITBIT. SPOTIFY is a screenshot of the 30-second video of a
Spotify interaction, and FITBIT is a screenshot of the 30-second video of an interaction with the Fitbit app.

6.4.1 Participants. For the test-retest reliability, we recruited n = 23 participants, which is a sample size in
line with previous scale development work (e.g. [10, 44, 114]). The participants were aged between 19 and 32
(M =26.17,SD = 3.34), and n = 15 participants identified as female, and n = 8 as male. Participants were recruited
through convenience and snowball sampling. The sample used for the test-retest reliability analysis only includes
participants who completed both questionnaires.

6.4.2 Results. We calculated the intra-class correlation coefficient for fixed raters per Boateng et al’s [13]
suggestion. We used a single rating, absolute-agreement, 2-way mixed-effects model, in line with recommendations
by Koo and Li [57]. We obtained intra-class correlations (Fleiss’ kappa) of k = 0.86 for the scale (and, per definition,
for THK), indicating good to excellent reliability [57]. Subscale results were: ¥ = 0.71 for REF, x = 0.85 for RUM.
These results show that R2T2 maintains temporal stability.

7 DISCUSSION

Here, we first share practical remarks about using the scale and then discuss our results in the context of designing
systems that support self-focused thinking.
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7.1 Scoring

R2T?2 is scored on a five-point Likert scale, whereby (1) represents Strongly Disagree and (5) represents Strongly
Agree. Unlike other scales, R2T2 has no reversed items. For the reflection subscale, the sum of the scores represents
the extent to which any kind of technology incites reflection. Similarly, the sum of the rumination subscale
indicates that the technology stimulates rumination. The third factor, self-focused thinking, constitutes the overall
degree to which the person is thinking inward. Self-focused thinking can constitute thoughts about one’s actions,
thoughts, feelings, and more. Hence, the lowest possible score on the scale is 9, and the highest is 45. In short,
R2T2 is scored as follows:

R2T2 = R2T2-REF + R2T2-RUM + THK1 + THK2 + THK3
R2T2-REF = REF1+ REF2 + REF3
R2T2-RUM = RUM1 + RUM2 + RUM3

We adopt this scoring scheme as weighted scoring offers limited benefits according to [13]. Our factor structure
suggests that R2T2-REF and R2T2-RUM can be used when reflection is a specifically targeted design goal of a
system or rumination is a key concern. We recommend that the researcher remember that there is no THK factor
in R2T2, and self-focused thinking can only be assessed using all nine items. This scoring structure reflects a key
theoretical principle underlying R2T2: While reflection and rumination can be considered separate phenomena,
there is an underlying process of self-focused thinking which is not separable from the two concepts.

7.2 Utility of the R2T2 Scale

Based on our validation, the R2T2 scale will be effective in empirical studies, particularly in comparing two or
more systems or system versions. Such a capability makes the R2T2 scale an asset for researchers and designers
aiming for rapid prototyping of systems that emphasise self-focused thinking. Since R2T2 is a relatively short
scale, it can be easily employed in earlier stages of development for a wide range of technologies and artefacts.
While the scale’s absolute values do not have a clear interpretation at this stage, there is a potential for these
values to become interpretable if the scale is adopted and used within the wider research community.

R2T2 can be used to evaluate systems that utilise reflection in a variety of manners. R2T2 can be used to evaluate
to what extent reflection helped in decision-making processes. An example of such a system was developed
by Rogers et al. [87], wherein the goal of their installation was to promote taking the stairs over the elevator. In
this particular study, participants reported being unaware of the system’s influence on their behaviour. R2T2
allows for periodic measurement of thinking about oneself. Furthermore, R2T2 can evaluate systems that employ
‘reflection-in-action’ in particular, meaning that reflection invoked during a particular interaction with a system
can be captured [93]. R2T2’s short form allows for reflection measurement when interacting with systems like
Lullaby [54] that provide real-time feedback on one’s habits, potentially through using R2T2 for experience
sampling.

In particular, R2T2 supports comparison across various technologies on the broader construct of ‘thinking
about oneself’, and allows for getting a general notion of whether or not a prototype triggers thinking about
oneself. It also provides information on whether that thinking is driected towars refletcion or rumination. This is
particularly relevant as more personal informatics tools are being developed to support reflection as a means
towards intentions like increased self-efficacy [1], engagement with the tool [102], and even improved goal-
setting towards more feasible future activities [56]. However, considering design for reflection as a means can
result in increased observations of ‘discouraging’ habits (e.g. [56]), potentially resulting in rumination, R2T2 can
provide designers and researchers with the means to estimate the the technology’s influence on a person’s overall
self-focused thinking, including rumination and reflection. R2T2 enables evaluating interactive systems in PI
and beyond in a more holistic way than scales which focus solely on reflection. Compared to other scales, R2T2
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provides more fine-grained insight into what parts of the design of a system are effective or could be improved
through explicitly identifying three factors in the assessment: reflection, rumination, and self-focused thinking.
When comparing systems, R2T2 can help identify specific design elements that contribute to rumination or
reflection.

Designed with a technology-agnostic approach, the R2T2 scale can be utilised across an array of contexts
and modalities, spanning from mobile applications to tangible interfaces. Thanks to its three-factor structure,
the scale not only allows for a broad evaluation of a system but also offers a granular lens to identify specific
design qualities of system prototypes. By mapping features to the respective dimensions of reflection, rumination,
and self-focused thinking, the R2T2 scale provides an actionable framework for designers to refine and optimise
future systems for different facets of self-focused thinking. We encourage researchers to employ R2T2 in a wide
range of settings, including studies and workshops, to test R2T2’s full capabilities.

7.3 R2T2 and Systems that Evoke Self-Focused Thinking

The development and validation of the R2T2 scale in this paper lead to certain insights for the design and study of
systems that evoke thought, especially in areas like personal informatics [35]. As research and practice are likely
to continue designing systems that mediate self-awareness and personal growth, the insights from the R2T2 scale
provide a nuanced understanding and a tool for more informed, holistic, and user-centric design decisions.

The findings from the R2T2 scale underscore the notion that reflection and rumination should not be singularly
pursued or viewed as isolated design objectives. Historically, the design emphasis may have leaned towards
cultivating reflection [6] in user experiences, especially with systems meant to help users understand themselves
better. However, this study suggests that focusing solely on these objectives might inadvertently overlook other
potential impacts or consequences, such as the emergence of rumination or the more general need for self-focused
thinking. The structure of R2T2 suggests that a system that is not necessarily perceived as evoking reflection can
still offer tangible benefits to the users’ thinking processes.

The intertwined relationship between reflection, rumination, and self-focused thinking highlighted by the
R2T?2 scale is pivotal. This interconnectedness is especially salient when we consider the overarching goal of
personal discovery in many systems, e.g. [94]. It is important for future systems to view these phenomena not as
isolated entities but as intricately linked processes. This perspective offers a holistic approach to research on
systems designed to stimulate introspection and self-awareness, ensuring that users derive meaningful insights
without adverse effects.

Lastly, while the quest for fostering reflection in system designs is laudable, our findings indicate that this
endeavour is not without risks. Specifically, there is an inherent risk of fostering rumination, which might not
always be beneficial for users whenever designing for reflection. The R2T2 scale emerges as a valuable tool in this
regard, equipping designers and researchers with a mechanism to gauge and potentially mitigate the unintended
consequences of their systems. Balancing reflection with the avoidance of excessive rumination is a nuanced
challenge, and the R2T2 scale can assist in navigating this intricate landscape. These findings are in line with
studies which earlier recognised the risk of rumination in personal informatics [31, 78].

7.4 Limitations

Our study possesses certain limitations that warrant acknowledgement. First, the participants enlisted for scale
development were sourced from Prolific. Such a method of recruitment can introduce a limitation in the scope
of the study, particularly concerning geographical diversity and the diversity of specific work conditions. This
sampling might not be wholly representative of broader populations or different workplace settings. However, we
note that many scales in HCI and beyond are now developed in online studies and later proven to be ecologically
valid [13].
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Second, we note that the theoretical foundation within the broader social sciences surrounding reflection,
rumination, and self-focused thinking is still evolving. Consequently, the R2T2 scale is a pragmatic operationali-
sation aimed to help HCI researchers and designers include the concepts in their work. Yet, the R2T2 may not
fully encapsulate a comprehensive theory regarding these constructs. As research in this domain progresses, it is
possible that newer models or theories might provide more nuanced insights or different perspectives, which
would then call for redesigning R2T2.

Third, to evaluate R2T2, we used positive, neutral and negative design elements in the MyFitnessPal dashboard.
Research suggests that the interpretation of colour can differ on an individual basis, depending on personal
preference [27], the context [32] and learned (cultural) associations [33]. Furthermore, prior work found that
a person’s performance on cognitive tasks can be affected by colour [33]. We remark that scale development
requires a questionnaire and if the scale is to be used for assessing artefacts, it needs an artefact to be assessed.
We recognise that a different choice of what was presented along the questionnaire may have led to an alternative
item choice. However, as the parameters of our final model are satisfactory, we can conclude that the chosen
item set holds validity.

Similar to scales like the Technology-Supported Reflection Inventory (TSRI) [10] and the Perceived Creepiness
of Technology Scale (PCTS) [114], R2T2 captures a person’s judgement—in terms of reflection, rumination and self-
focused thinking-of an artefact. In other words, R2T2 measures a general stimulus provided by an external source.
On the other hand, scales like the Self-Reflection and Insight Scale (SRIS) [44] and the Rumination-Reflection
Questionnaire (RRQ) [105] aim to capture a person’s (personality) traits, which are more stable characteristics
over time. Considering external stimuli affect cognitive processes like reflection and rumination differently on
an individual basis, a general limitation of R2T2 and similar scales is that they measure a person’s response to
an artefact which is partly determined by the properties of the artefact and partly by the user’s character traits
(Torgerson [104] calls that a ‘response scale’). This inherent limitation of building scales for assessing artefacts
can be addressed by using R2T2 in studies which employ within-subject design. Alternatively, trait scale scores
can be used as covariates. In the case R2T2, future work should consider using RRQ as a covariate.

A further limitation arises from our expert pool’s composition. Comprising three men, one woman, and one
non-binary individual, all experienced in research or technology related to reflection, the expert had an influence
R2T?2 scale’s development. Acknowledging this, a broader or differently specialised expert group might have
offered divergent perspectives, potentially altering the item composition. Therefore, the current scale may reflect
our expert group’s specific biases and viewpoints. We hope that, as the scale is used by the research community,
it will be verified and potentially refined to better control for such biases.

Lastly, although surveys are a conventional method for scale development and provide quantifiable metrics, it
remains uncertain whether the R2T2 scale would be applicable or maintain its validity during longer interactions
with artefacts that prompt self-directed thinking. Future research should consider in-depth engagement and
experiential studies to test the scale’s robustness in different scenarios.

8 CONCLUSION

In this paper, we introduce the Reflection, Rumination and Thought in Technology (R2T2) scale, a scale that
measures the extent of reflection, rumination and self-focused thinking evoked by a technology. Through related
work, we generated a list of items based on a variety of backgrounds, including HCI and Psychology. Based on
expert reviews and an exploratory factor analysis, we were able to reduce the list of items to a total of nine items,
representing the final R2T2 scale. The nine-item scale consists of the following factors: reflection, rumination,
and the general factor of self-focused thinking. Based on the items, we build a bifactor model that accurately
describes the scale structure.
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We demonstrated the scale’s validity with its discriminant validity, its capacity to differentiate between
known groups and its consistency over time through test-retest reliability. The scale allows studying a variety of
technologies which are designed to either facilitate reflection or diminish rumination. The scale can be applied
swiftly to compare or assess technological artefacts. We hope that R2T2 will benefit HCI research and allow for
more informed and targeted design of technologies that evoke thinking.
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