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Abstract

The Dimensional Anhedonia Rating Scale (DARS) is a novel questionnaire to assess anhedonia of

recent validation. In this work, we aim to study the equivalence between the traditional paper-and-
pencil and the digital format of DARS. Sixty-nine patients filled the DARS in a paper-based and
digital versions. We assessed differences between formats (Wilcoxon test), validity of the scales
[Kappa and intraclass correlation coefficients (ICCs)], and reliability (Cronbach’s alpha and
Guttman’s coefficient). We calculated the comparative fit index and the root mean squared error
(RMSE) associated with the proposed one-factor structure. Total scores were higher for paper-based
format. Significant differences between both formats were found for three items. The weighted
Kappa coefficient was approximately 0.40 for most of the items. Internal consistency was greater
than 0.94, and the ICC for the digital version was 0.95 and 0.94 for the paper-and-pencil version
(F=16.7, p < 0.001). Comparative Adjustment Index was 0.97 for the digital DARS and 0.97 for the
paper-and-pencil DARS, and RMSE was 0.11 for the digital DARS and 0.10 for the paper-and-pencil
DARS. We concluded that the digital DARS is consistent in many respects with the paper-and-
pencil questionnaire, but equivalence with this format cannot be assumed without caution.

Significant outcomes

o We found digital DARS is a robust questionnaire, with comparable psychometric proper-
ties to previous versions

« Different scores were found for ‘Sensory Experience’” subscale in digital and paper-and-
pencil versions of DARS

o Our results highlight the necessity of the digital validation of psychometric instruments
and not directly assume equivalence

Limitations

o Our sample size was relatively small (69 participants)
o We have selected a heterogeneous distribution of diagnoses
» We did not consider the time gap between filling both formats of DARS questionnaire

Introduction

In recent years, we are witnessing a digital revolution (Hodson, 2018) and evolving from an
analogical world to a digital world, wherein digital medicine and digital psychiatry are emerging
fields (Keesara et al., 2020). This revolution is resulting in the replacement of pencil and paper
with computers, tablets, and mobile devices, which is highly pertinent to the field of psychom-
etry, specifically for validity of self-report questionnaires (Alfonsson et al., 2014; van
Ballegooijen et al., 2016). Digital or online questionnaires have various advantages over tradi-
tional formats, including an increased comfort with digital instruments among younger gener-
ations (Prensky, 2001), greater compliance and fewer missing data (Gwaltney et al., 2008), as
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well as greater sincerity answering sensitive questions, for example,
regarding substance use, traumatic events, or suicide (Barak, 2007;
Lin et al., 2007; Christensen & Hickie, 2010; Torous et al., 2015).
Nevertheless, certain concerns regarding digital instruments must
be acknowledged, and some people may feel uncomfortable with
digital devices or might perceive a gap in security or privacy in
online measure (Alfonsson ef al., 2014); furthermore, different dig-
ital interfaces may affect scores or psychometric features of ques-
tionnaires (Tourangeau et al., 2004; Thorndike et al., 2009).

When psychometric instruments are used in populations with
different characteristics for which they were created, there has to be
a process of validation and adaptation (Wild et al., 2009). Similarly,
with the migration from paper-and-pencil to digital formats, some
authors recommend demonstrating the equivalence between the
two formats rather than assuming a direct equivalence and evalu-
ating the inter-format reliability (Coons et al., 2009).

Regarding depression, many self-report screening and symp-
tom severity questionnaires are available in online and digital for-
mats. Therefore, different studies have demonstrated the digital
reliability of Patient Health Questionnaire-9, General Health
Questionnaire, Beck Depression Inventory, Center for
Epidemiologic Studies Depression Scale, Clinically Useful
Depression Outcome Scale or Montgomery—Asberg Depression
Rating Scale-Self-report (Alfonsson et al., 2014; van Ballegooijen
etal.,2016) Anhedonia, a core symptom in depression, and present
as well in other mental disorders, as personality disorders, eating
disorders, anxiety disorders, or psychotic disorders (Ritsner, 2014)
are a complex phenomenon first described as a decreased ability to
experience pleasure in a general sense (Ribot, 1897; Chapman et al.,
1976). The perspective of anhedonia as a transdiagnostic phenom-
ena has recently gained interest and might help in the development
of psychiatric taxonomy (Trestheim et al., 2020).

The modern concept of anhedonia encompasses motivational
anhedonia (the desire to be involved in a particular activity) and
consummatory anhedonia (the actual ability to enjoy by doing this
activity; Treadway & Zald, 2011), and even cognitive characteris-
tics like the ability to anticipate and predict reward (Der-Avakian
& Markou, 2012). However, most questionnaires, including the
frequently proposed gold standard, the Snaith-Hamilton
Pleasure Scale (SHAPS; Snaith et al., 1995), only focus on specific
aspects of anhedonia. To deal with this limitation, the Dimensional
Anhedonia Rating Scale (DARS; Rizvi et al., 2015) was designed.
The DARS evaluates different features of anhedonia (interest,
motivation, effort, and consummatory pleasure) across different
domains (hobbies, food and drink, social activity, and sensory
experiences).

To date, the DARS is available in its original English version
(Rizvi et al., 2015), as well as in a Spanish (Arrua-Duarte et al.,
2019) and German (Wellan et al.,, 2021) validation. The original
DARS was developed in three studies; firstly, item selection was
made in a community sample and after that validation was made
in 150 community participants with an online questionnaire, and
in 52 patients with depression and 50 controls with a paper-and-
pencil questionnaire (Rizvi ef al., 2015). With the community sam-
ple, authors used an online questionnaire assuming that scales ful-
filled in web-based and in laboratory-based environments may be
comparable (Risko et al., 2006). This questionnaire is the only dig-
ital version of DARS. The studies showed comparable psychomet-
ric properties derived from the paper-and-pencil and digital scale.

In the original version, DARS demonstrated good reliability
and validity against the SHAPS, the gold standard for measuring
anhedonia (Cronbach’s alpha = 0.96 and 0.75-0.99 for subscales;
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Rizvi et al., 2015). The Spanish version has also demonstrated a
high internal consistency, showed by its high Cronbach’s alpha
(Overall 0.92 and 0.91-0.92 for subscales; Arrua-Duarte et al.,
2019). No digital or online validations of Spanish DARS have been
conducted.

The Spanish validation was performed with paper-and-pencil
questionnaires, but a digital questionnaire was subsequently devel-
oped. Therefore, here we aim to analyse if the Spanish digital
version of DARS has the same psychometric properties as the tra-
ditional paper-and-pencil one, hypothesising that no differences
between both versions will be found.

Material and methods
Participants

This study is a secondary analysis of previous work designed to
conduct the Spanish validation of the DARS (Arrua-Duarte
et al., 2019). A total of 134 patients older than 18 years of age were
recruited from July 2016 to February 2017 in the Psychiatry
Department at Fundacién Jiménez Diaz University Hospital,
Madrid, Spain. Participants were recruited in three facilities: an
outpatient mental health centre, a psychiatric hospitalisation unit,
and a consultation-liaison psychiatry unit by two psychiatrists
(EAD and MMB). In each site, psychiatrists selected at least one
patient from those attending daily appointments, with any of these
psychiatric disorders according to DSM-5 criteria: depressive dis-
orders, psychotic disorders, adjustment disorders, anxiety disor-
ders, personality disorders, bipolar disorders, and eating
disorders (American Psychiatric Association, 2013). Patients from
the inpatient setting were assessed one day before their respective
discharge to avoid acute symptoms. They all participated without
being compensated. Exclusion criteria were other diagnoses differ-
ent than those mentioned above, acute substance use, decompen-
sated medical or neurological conditions, and illiteracy or not
being fluent in Spanish.

The study was carried out in accordance with the Declaration of
Helsinki and approved by the Fundacién Jiménez Diaz Hospital
Ethics Committee. All participants provided written informed
consent, after a complete description of the study.

Assessment

The attending psychiatrist recruited patients to participate in the
study during their consultation at the facilities mentioned above.
In the first step, patients filled the complete paper-and-pencil ques-
tionnaire for the original work (Arrua-Duarte et al., 2019), which
included the DARS. In the second step of the study, participants
were given an access code for the tool MEmind (available via
Apple Store and Google Play; Barrigon et al., 2017) for which they
were to access on their own to complete the digital version of the
scale on any electronic device within the next week.

The MEmind Wellness Tracker tool is a web application, devel-
oped by the Psychiatry Department of the Fundacion Jiménez Diaz
University Hospital, with two interfaces, one for health care
professionals resembling an Electronic Health Record and another
for patients, accessible via web or an app on all types of electronic
devices with any operating system. This research protocol was
uploaded to the patient interface.

The DARS is a novel and dynamic self-administered instru-
ment used to evaluate anhedonia. It consists of 17 items divided
into four categories (Pastimes/Hobbies, Foods/Drinks, Social
Activities, and Sensory Experiences; Rizvi et al, 2015). In each
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of the four categories, patients have to give two or three examples of
experiences reporting pleasure, and after that, they have to assess
their current desire, motivation, effort, and consummatory pleas-
ure for their examples. Answers are given in on a 5-point Likert
scale (Not at all = 0; Slightly = 1; Moderately = 2; Mostly = 3;
Very Much = 4). The sum of all the items provides the total score,
with higher scores reflecting greater motivation, effort and pleasure
and, subsequently, less anhedonia (Fig. 1).

Statistical analysis

The statistical analysis was performed with R software version 3.4.1
(‘single candle’). Considering the sample size was small, and there-
fore, not normally distributed, we first contrasted the paper-and-
pencil and digital formats by calculating a Wilcoxon test. To pro-
vide more robust results, we conducted tests for each item. In this
way, we assessed a total of 17 hypotheses. Later, we assessed the
validity of the scales by obtaining the consistency index (Kappa
coefficient; Fleiss, 1971), with values below 0.40 representing poor
agreement, values between 0.40 and 0.75 fair to good agreement,
and values greater than 0.75 excellent agreement (Fleiss et al.,
2003). Two measures of reliability were calculated for obtaining
more consistent results: Cronbach’s alpha (Cronbach, 1951),
and Guttman’s coefficient (A3; Guttman, 1945), with higher values
representing better internal consistency for both coefficients. The
intraclass correlation coefficient (ICC; Shrout & Fleiss, 1979) was
obtained to decide whether or not both scales were stable and reli-
able; values less than 0.5 represent poor reliability, between 0.5 and
0.75 moderate, between 0.75 and 0.9 good, and greater than 0.90
excellent reliability (Koo & Li, 2016). Finally, to compare the
paper-and-pencil and digital models, and therefore to compare
their dimensional structure, we calculated the comparative fit
index (CFI) for the scale (Bentler, 1990) and the root mean squared
error (RMSE; Lehmann & Casella, 1998).

Results
Sample description

Out of the 134 initial patients who filled the paper-and-pencil
DARS version, 69 (51.5%) filled the digital format of DARS after
filling the paper-and-pencil one. There were no differences regard-
ing age or sex between participants completing both steps and
those who just filled the paper-and-pencil format; however, there
were differences observed regarding diagnoses (Table 1).

Migration to paper-and-pencil DARS to digital DARS

Total score of DARS in paper-and-pencil was higher than total
score in digital DARS (49.35+13.96 vs. 43.03*15.16;
Z=-3.536; p<0.001). There were differences for items 13, 15,
and 16 (all of them part of the ‘Sensory experiences’ subscale),
whereas for the rest of item scores were similar (Table 2).

Internal consistency

Conbrach’s alpha for digital and paper-and-pencil DARS was the
same in both formats (o = 0.94). For Guttman’s coefficient (A3),
the value was 0.97 for the digital version, and 0.96 for the
paper-and-pencil format.

Test and re-test reliability
The ICC for digital version was 0.95 (F =18.5, p < 0.000), and for
paper-and-pencil version 0.94 (F=16.7, p < 0.000).
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Agreement between paper and digital versions items
As it is shown in Table 3, weighted Kappa between paper-and-pen-
cil and digital DARS ranged from 0.30 to 0.52.

Equivalence among digital and paper version of DARS

The last part of our statistical analysis comprised the comparisons
of both scales by calculating the CFI and the RMSE. In the first case,
for the digital DARS, CFI value was 0.973 for the digital DARS and
0.974 for the paper-and-pencil DARS. Secondly, RMSE was 0.11
for the digital DARS and 0.10 for the paper-and-pencil DARS.

Discussion

Paper-and-pencil DARS total score was significantly higher than
digital DARS total score. No significant differences between scores
were found for subscales ‘Pastimes and hobbies’, Food and drinks’,
and ‘Social Activities’, whereas for ‘Sensory Experiences’ three out
of five items had different scores in both formats. The level of
agreement was fair to good for most items, with the exception
of most items of ‘Sensory Experiences’ subscale, and one item in
the subscale ‘Food and drinks’. Finally, internal consistency was
excellent for both formats.

This excellent internal consistency suggests that our digital val-
idation of DARS is a reliable questionnaire, with comparable psy-
chometric properties to previous versions. Cronbach’s a (Co) of
our digital DARS (Ca 0.94) was similar to both original validations
(Co 0.92), and also similar to the Spanish paper-and-pencil format
(Ca 0.92). Additionally, internal consistency was similar to other
anhedonia questionnaires available in Spanish, such as the Revised
Physical Anhedonia Scale (Ca 0.92), Revised Social Anhedonia
Scale (Co 0.95; Fonseca-Pedrero et al, 2009), or Anticipatory
and Consummatory Interpersonal Pleasure Scale (Ca 0.92;
Gooding ef al., 2016) and even higher than the Spanish SHAPS
(Ca 0.77; Fresan & Berlanga, 2013). Nevertheless, we need to be
cautious to assume that DARS digital migration is equivalent to
paper-and-pencil one, at least in our sample. Total scores of
DARS were higher in paper-and-pencil than in digital version
and the level of agreement was around 0.40 for most items, that
is just fair to good, and different scores were found for ‘Sensory
Experience’ subscale in digital and paper-and-pencil DARS. This
lower agreement in this specific subscale could have different
explanations. Since these are the last questions, the lower level
of agreement may represent participants' fatigue; moreover, sen-
sory experiences are more abstract concepts than those evaluated
in the rest of the subscales. While participants could ask to
researcher if they needed when they were filling up the paper-
and-pencil version, in the digital version, participants answered
according to their own criteria. Also, we have to take into account
that 26% of the patients who filled both versions were patients with
psychosis, and there is a well-known difficulty in abstract thinking
in psychosis (McCutcheon et al., 2019). Furthermore, although
non-significant, there were differences in basal level of anhedonia,
and total scores of DARS were lower (representing higher anhedo-
nia) in those participants that did not complete the digital version,
so anhedonia itself could explain less motivation to complete the
questionnaires in the second step.

Precisely, another particularity of our study was the two step
design, as participants who were recruited to validate the
Spanish DARS were invited to complete the same questionnaires
in a digital format during the next week on their own without any
reminders, control over the testing environment, or economic
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Demographics
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Fig. 1. DARS as is shown in MEmind.
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Table 1. Sample description
First step participantst Withdrawing participantst Second step participants® Statistics”
Characteristics (n=134) (n=65) (n=69) t/x2 df p-value
Age, mean (SD) 433 (13.4) 42.8 (15.0) 43.8 (11.9) —0.45 127 0.651
Sex [n (%)]
Males 46 (34.3) 21 (32.3) 25 (36.2) 0.229 1 0.633
Females 88 (65.7%) 44 (67.7) 44 (63.8)
DARS at first step, mean (SD) 47.61 (13.66) 45.82 (13.20) 49.36 (13.97) —0.446 112.33 0.656
Diagnosis [n (%)]
Anxiety disorder 20 (14.9) 12 (18.5) 8 (11.6) 16.740 6 0.010
Bipolar disorder 6 (4.5) 2(3.1) 4 (5.8)
Depressive disorder 40 (29.9) 26 (40.0) 14 (20.3)
Psychotic disorders 26 (19.4) 8 (12.3) 18 (26.1)
Adjustment disorders 25 (18.4) 14 (21.5) 11 (15.9)
Eating disorder 3(2.2) 0 (0) 3(4.3)
Personality disorder 14 (10.4) 3 (4.6) 11 (15.9)
DARS, Dimensional Anhedonia Rating Scale
Total sample; fParticipants who only filled paper-and-pencil DARS; SParticipants who filled paper-and-pencil and digital DARS.
*Withdrawing participants and second step participants are compared.
Table 2. Wilcoxon test for paper-and-pencil and digital formats of DARS
Item W test p-Value Result
Pastimes and hobbies 1 | would enjoy these activities 2704.5 0.132 Equal
2 | would spend time doing these activities 2642 0.106 Equal
3 | want to do these activities 2775 0.394 Equal
4 These activities would interest me 2869 0.367 Equal
Foods and drinks 5 | would make an effort to get/make these foods/drinks 2686 0.182 Equal
6 | would enjoy these foods/drinks 2909.5 0.523 Equal
7 | want to have these foods/drinks 2819.5 0.339 Equal
8 | would eat as much of these foods as | could 2812 0.252 Equal
Social activities 9 Spending time doing these things would make me happy 2719 0.283 Equal
10 | would be interested in doing things that involve other people 2742.5 0.274 Equal
11 | would be the one to plan these activities 2815 0.408 Equal
12 | would actively participate in these social activities 2744 0.278 Equal
Sensory experiences 13 | would actively seek out these experiences 2296 0.004 Different
14 | get excited thinking about these experiences 2692.5 0.159 Equal
15 If | were to have these experiences, | would savour every moment 2450 0.039 Different
16 | want to have these experiences 2387 0.010 Different
17 | would make an effort to spend time having these experiences 2669 0.171 Equal

compensation. Indeed, almost half of the initially selected patients
decided not to complete them. This possibly represents a lack of
interest of participants in the study, or other clinical features,
including anhedonia as mentioned above. It is noteworthy that a
high percentage of patients with depression (26 out of 40) did
not complete the online questionnaires, while most patients with
psychosis did (18 out of 26). The overrepresentation of people with
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psychosis might reflect the therapeutic relationship with the
recruiter clinician; greater severity of depression may also have
contributed to format differences across these items.
Furthermore, as the pencil-and-paper version of the DARS was
always completed prior to the digital version of the DARS, order
effects cannot be ruled out. Finally, due to our sample size, we
did not formally evaluate the structural invariance of the paper-
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Table 3. Agreement in individual items for paper-and-pencil and digital DARS

Elsa Arrua-Duarte et al.

95% Asymptotic Cl

Item Kappa z Lower bound Upper bound
Pastimes and hobbies 1 | would enjoy these activities 0.524 7.045 0.384 0.663
2 | would spend time doing these activities 0.448 6.516 0.306 0.590
3 | want to do these activities 0.454 5.892 0.304 0.604
4 These activities would interest me 0.420 5.703 0.273 0.568
Foods and drinks 5 | would make an effort to get/make these foods/drinks 0.430 5.942 0.279 0.580
6 | would enjoy these foods/drinks 0.399 5.220 0.237 0.562
7 | want to have these foods/drinks 0.402 5.399 0.253 0.552
8 | would eat as much of these foods as | could 0.302 4.312 0.158 0.446
Social activities 9 Spending time doing these things would make me happy 0.476 6.985 0.328 0.624
10 | would be interested in doing things that involve other people 0.440 6.340 0.303 0.578
11 | would be the one to plan these activities 0.458 6.705 0.336 0.581
12 | would actively participate in these social activities 0.486 7.111 0.353 0.620
Sensory experiences 13 | would actively seek out these experiences 0.328 5.067 0.185 0.471
14 | get excited thinking about these experiences 0.398 5.621 0.243 0.552
15 If | were to have these experiences, | would savour every moment 0.397 6.281 0.232 0.562
16 | want to have these experiences 0.368 5.568 0.202 0.534
17 | would make an effort to spend time having these experiences 0.447 6.729 0.281 0.614

p-value was under 0.001 for all items.

and-pencil and digital formats of the DARS; future research com-
pleting such analyses would provide valuable guidance in how to
interpret any differences across these formats.

Our results highlight that full equivalence cannot be taken for
granted in the digital migration of psychometric instruments, as
have been previously pointed (Alfonsson et al, 2014; van
Ballegooijen et al., 2016). These results contrast with previous results
of our group demonstrating the equivalence between paper-and-
pencil and the electronic format of the SHAPS (Montoro et al.,
2020), the gold standard questionnaire for assessing anhedonia.
Although almost all psychiatric self-report questionnaires are equiv-
alent in digital and classical formats, this is not universally valid.
Notably, for more complex instruments such as Symptom
Checklist-90-R or General Health Questionnaire 28 studies showed
worse reliability between paper-and-pencil and digital versions
(Alfonsson et al., 2014). These questionnaires are designed to cap-
ture many different domains of psychological constructs and have
several subscales, similarly to DARS, which probably explained
the partial equivalence for DARS while for a simple questionnaire
such as SHAPS equivalence was clearer (Montoro et al., 2020).
Therefore, when researchers design studies they must carefully con-
sider which format is needed to use to engage participants and prop-
erly measure psychological phenomena.

This work is original in studying the digital migration of a novel
anhedonia questionnaire and in its design that allows participants
to decide if they want to participate in the two steps, a substantial
sample lost to follow-up. This also represents the main limitation
of the study and the relatively small sample size. Other limitations
are that the time gap between filling both formats has not been con-
sidered, and neither the interface in which participants decided to
fill the digital questionnaire (computer, smartphone, or any other
device) did, that it is known may influence in results (Tourangeau
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et al., 2004; Thorndike et al., 2009). Initial sample composition,
with a variety of psychiatric diagnoses, maybe consider a strength,
as real clinical population was represented; nevertheless, the final
non-selected sample might have affected our results.

Our findings demonstrated that digital DARS is a robust ques-
tionnaire, but full equivalence with paper-and-pencil format can-
not be assumed without caution, highlighting the necessity of the
digital validation of psychometric instruments, especially in studies
in which both formats are intended to be used.
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