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Background: Computerized versions of well-established measurements such as the PHQ-9 are widely used, but
data on the comparability of psychometric properties are scarce.
Objective: Our objective was to compare the interformat reliability of the paper-and-pen version with a comput-
erized version of the PHQ-9 in a clinical sample.
Methods: 130 participants with mental health disorders were recruited during psychotherapeutic treatment in a
mental health clinic. In a crossover design, they all completed the PHQ-9 in both the computerized and paper-
and-pen versions in randomized order.
Results: The internal consistency was comparable for the computer (α = 0.88) and paper versions (α = 0.89),
and highly significant correlations were found between the formats (r=0.92). PHQ-9 total scores were not sig-
nificantly different between the paper and the computer delivered versions. There was a significant interaction
effect between format and order of administration for the PHQ-9, indicating that the first administration deliv-
ered slightly higher scores.
Limitations: In order to reduce the required effort for the participants, we did not ask them to fill out anything but
the PHQ-9 once in paper and once in computer version.
Conclusions: Our findings suggest that the PHQ-9 can be transferred to computerized use without affecting
psychometric properties in a clinically meaningful way.

© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Web-based administrations of questionnaires have various advan-
tages over paper-and-pen assessments, such as an increased chance
of avoiding missing data, the automated calculation of scores, and
being able to save time and eliminate the risk of calculation errors
(Andersson et al., 2008). It has been argued that Internet-based ques-
tionnaires could help increase the use of self-report measures in clinical
practice because they might facilitate administration (Holländare et al.,
2010). Also, computer-based screenings seem to be highly accepted by
clients (Campbell et al., 2015; Weber et al., 2003).

In addition, Internet-delivered treatments of commonmental disor-
ders have become more and more common within the last couple de-
cades. A large number of studies suggests that they result in clinically
meaningful changes with effect sizes as large as those found for face-
to-face-therapy, both for adults (Barak et al., 2008; Griffiths et al.,
herapie in Heilpädagogik und
tliche Fakultät, Klosterstraße
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2010; Hedman and Lindefors, 2012; Riper et al., 2014; Saddichha
et al., 2014) and for children & adolescents (Ebert et al., 2015). The in-
creasing popularity of Internet-based interventions in the field of men-
tal health is necessarily accompanied by online assessments of
psychopathological symptomatology (Austin et al., 2006).

However, when transferring paper-and-pen psychometric question-
naires into electronic forms of administration, it is important to realize
that this may influence their outcome (Buchanan, 2003). For instance,
there have been findings that computer administrations may produce
a certain level of disinhibition concerning topics such as alcohol con-
sumption and risky sexual behaviors (Booth-Kewley et al., 2007). Also
issues such as computer anxiety and familiarity with the medium
need to be taken into account (Schulenberg and Yutrzenka, 2004). Al-
though the vast majority of studies examining interformat reliability
of depression measures suggest that paper-and-pen versions may be
transferred to digital formats without losing diagnostic properties
(Alfonsson et al., 2014), there are also a few results suggesting that
higher values are obtained on the Becks Depression Inventory if it is ad-
ministered over the Internet or on a computer (Carlbring et al., 2007;
George et al., 1992).

The International Test Commission has developed a set of guidelines
concerning equivalence between paper-and-pencil versions to be
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ensured by psychometric properties such as comparable reliabilities of
both versions, correlations at the expected level from the reliability
estimates, and comparable means and standard deviations (The
International Test Commission, 2006). Many established and well-
evaluated paper-and-pen assessment instruments for mental health
have already been validated in electronic formats by studies in the last
decade (e.g. Austin et al., 2006; Holländare et al., 2010; Vallejo et al.,
2008).

A recent review on the interformat reliability of computer adminis-
tered psychiatric measures identified 33 studies exploring 40 different
symptom scales (Alfonsson et al., 2014). The authors claim that while
some instruments (e.g. the BDI-II) have been investigated multiple
times, a number of prominent instruments—such as the PHQ-9—have
not been examined sufficiently in order to be able to recommend their
computerized versions. Thus, additional high quality studies must be
done.

The PHQ-9 is a widely used measure to assess depression severity
within various settings (Manea et al., 2015). It has been translated
into many languages and performs well in various cultures (Gilbody
et al., 2007). Several studies have evaluated electronic administrations
of the PHQ-9 such as a on a touch screen computer (Fann et al., 2009)
or as a smartphone app (BinDhim et al., 2014) without exploring
interformat reliability. The first study comparing paper-and-pen and
electronic versionswas published in 2013 and described a crossover de-
sign showing comparable psychometric properties on the PHQ-9 and
six other measures completed on paper, computer, and iPhone (Bush
et al., 2013). However, the small and nonclinical sample of 45 army sol-
diers calls for a replication of these results. The first study examining a
larger sample exploring interformat reliability of the PHQ-9 was pub-
lished recently (Spangenberg et al., 2015). However, in the Spangenberg
study, only elderly primary care patients took part, with only 4.3% of
them suffering from clinically relevant depression (Spangenberg et al.,
2015). This study aims to evaluate the interformat reliability between
paper and computer versions of the PHQ-9 in a clinical sample.

2. Methods

2.1. Participants and procedures

Participants were treated for a mental disorder in an inpatient rou-
tine mental health clinic in Germany and recruited between February
and March of 2012. Psychotherapeutic treatment of participants was
based on Cognitive Behavioral Therapy. Patients received one or two
sessions of individual therapy and an average of four double sessions
of group therapy per week. Interventions were supplemented with ele-
ments such as sports therapy, physiotherapy, art therapy, and medical
treatment. Patientswho recently started treatment orwere about tofin-
ish their treatment and leave the clinic at the end of their stay were in-
vited to participate in the study. 143 patients (79%) agreed to take part
and provided full written informed consent.

In order to control for order effects, participants were randomized
onwhich version, the paper or the computerized questionnaire, to com-
plete first. Randomization was performed on an individual level. In
order to reduce potential recall effects, the time between filling out
the two versions was set at 24 h.

Ethical approval was provided by the ethical committee of the
University of Marburg and the hospital review board.

2.2. Measure

The PHQ-9 is a widely used instrument and consists of nine items
matching the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria for major depression. The criteria for
Major Depressive Disorder have been minimally changed in the DSM-
5, the most important change being that bereavement is no longer an
exclusion criterion. PHQ-9 scores are not affected by this change since
the questionnaire does not include an item on bereavement (Volker
et al., 2015). Subjects are asked to rate each of the items on a scale of
0 to 3 on the basis of how much a symptom has bothered them over
the last 2 weeks with 0 (“not at all”) to 3 (“nearly every day”). PHQ-9
scores of 5, 10, 15, and 20 indicate mild, moderate, moderately severe,
and severe depression severity. The PHQ-9 has excellent reliability
and its construct validity has been proven by strong correlations be-
tween PHQ-9 scores and disability days, functional status, and
symptom-related difficulty (Kroenke et al., 2001).

The computer program thatwas used to administer the PHQ-9was a
format used in routine mental health care at the cooperating clinic.
Participants filled out this version on a standard Personal Computer be-
longing to the clinic, one of each standing in each group therapy room.
They were scheduled for filling it out at a certain time when the room
was not used so they could do it without anybody else being in the
room. One question was presented per each page in the same order
for every patient. The program made it impossible to submit answers
without answering all items in order to avoid missing values. Respon-
dents could not backtrack (and thus not change answers after
submitting).

2.3. Statistical analyses

Statistical analysis was conducted using SPSS version 23. Cronbach
alpha coefficients were used to estimate internal consistency, and the
correlations between Internet and paper-based questionnaires were
calculated with Pearson correlations. Significance testing of differences
in questionnaire administration format (paper/computer) and order
(paper first/computer first) was done with a 2 × 2 Analysis of Variance
(ANOVA). A significance level of 0.05 (two-sided) was used for all anal-
yses. Effect sizes (Cohen's d) were calculated by dividing the difference
between scores by the pooled standard deviation (Lenhard and
Lenhard, 2015). We also evaluated whether the one-factor structure
found before for the original PHQ-9 (Cameron et al., 2008) holds across
both the online- and the paper/pen assessment of the PHQ-9. Measure-
ment Invariance was tested by conducting two independent confirma-
tory factor analyses with uncorrelated residuals and the chi-square
statistic and the chi-square/df value were used as an indicator for the
fit of the model. In general, a chi-square/df ratio of approximately 2:1
or 3:1 is considered an acceptable fit to the data (Carmines and
McIver, 1981) and measurement invariance was concluded when both
independent models showed at least an acceptable fit to the data.

3. Results

Out of 143 patients who provided informed consent, 130 filled out
questionnaires on both formats of administration. The mean age of par-
ticipants was 43.46 years (SD = 12.56, Range = 18–71), 66 (50.8%)
were women, and 64 were men (49.2%). Out of the 130 patients that
filled out both questionnaires, 127 were diagnosed with depression
(n = 76 with ICD-10 F 32, n = 51 with ICD-10 F 33), and n = 3 did
not have a diagnosis of depression but a different diagnosis (tinnitus,
adjustment disorder, or agoraphobia with panic disorder). Nine of the
participants diagnosed with depression had an additional diagnosis of
dysthymia (ICD-10 F 34.1). 47 participants had onemental disorder di-
agnosis, n = 51 had two, n = 24 had three, n = 5 had four, and n = 2
had five mental health disorder diagnoses. Mean number of mental
health disorders per participant were n = 2. Apart from depression/
mood disorders (ICD-10 F32-F33, n = 127, 98% of participants), the
most frequent other diagnoses were somatoform disorders (ICD-10 F
45, n = 40, 30.8% of participants), anxiety disorders (ICD-10 F 40–41,
n=24, 18.5%of participants), and disorders of adult personality and be-
havior (ICD-10 F60–F69, n = 21, 16.1% of participants).

Out of 130 returned paper and pen questionnaires, 128 did not have
any missings. The computerized version did not allow missings, hence



Table 1
Means (SD), main effects, and interaction effects.

Order group Computer Paper Main effects Interaction

Mean (SD) Mean (SD) Format
F (p)

Order of administration
F (p)

F (p)

PHQ-9 Paper first 11.22 (5.94) 11.62 (6.42)
Computer first 11.15 (6.49) 10.64 (6.61)
Total 11.19 (6.20) 11.13 (6.51) 0.06

(p = 0.805)
0.22
(p = 0.638)

4.06
(p = 0.046)
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there were nomissing data. Only complete questionnaires were includ-
ed into statistical analysis.

3.1. Internal consistency

The questionnaires' internal consistencies (Cronbach's alpha)
was α = 0.88 for the computerized version and α = 0.89 for the
paper version. This satisfying result was supported by a confirmatory
factor analysis testing the one factor solution (computer version: chi-
square = 103.908, df = 27, p b 0.001; paper version: chi-square =
61.479, df = 27, p b 0.001).

3.2. Correlational analyses

Pearson correlation for PHQ-9 was r = 0.92 between paper and
computer versions. The correlation was highly significant (p b 0.001).

3.3. Mean differences

Means and standard deviations for both measures and formats are
presented in Table 1. There was no statistical difference in the mean
score on the PHQ-9 between the paper-and-pen and the computerized
versions. There was also no significant main effect for administration
format nor for administration order.

A significant interaction effect between format and order of admin-
istration was found. The second administration had a significantly
lower result compared to the first administration. The effect size for
the difference was small (Cohen's d = 0.07*).

4. Discussion

The aim of this study was to examine the interformat reliability
between the paper-and-pen and the computerized versions of the
PHQ-9. Results indicated a high internal consistency concerning
Cronbach's alpha in both formats. The correlation between computer
and paper formatwashigh, suggestinghigh reliability. Therewas no sig-
nificant difference betweenmean scores of the computer and paper ver-
sions, but a significant (format) × (order of administration) interaction
was found representing the decrease of PHQ-9 scores from first to sec-
ond administration.

Results of the present study are in line with the studies that tested
the interformat reliability of the PHQ-9 in non-clinical samples of
army soldiers (Bush et al., 2013) and older adults (Spangenberg et al.,
2015) which also found high internal consistency of the computer ver-
sion, high correlations with the paper version, and no significant differ-
ence between formats. Spangenberg et al. (2015) found a significant
(format) × (order of administration) interaction just as was found in
our study, yet in our study, the effect was not higher in any of the
order conditions.

For theBDI-II, a similar interaction effect has been found (Holländare
et al., 2010). A possible explanation for this finding is that administering
a depression questionnaire in any formatmay have a small effect on pa-
tients' self-assessment of depressive symptoms, such that in the second
administration they consider their symptomatology as less severe.
An alternative explanation—at least for our study—may be that since
participants were being treated in a mental health clinic and receiving
intense psychotherapeutic inpatient treatment, the decrease in PHQ-9
scores from first to second administration, which was administered
24 h later, might be actually caused by clinical improvement of depres-
sion due to the treatment.

However, in our study, the interaction effect did not seem to be an
effect caused by administration format.

This study has the following limitations. First, 13 patients (9%) did
not return the paper-and-pen version. Thus,we cannot rule out a poten-
tial bias of the results due to missing data. Second, we did not measure
computer anxiety, computer knowledge, or preference of format. Thus,
we cannot make any conclusions whether the interformat reliability of
the PHQ-9 varies as a function of these variables. Third, in the present
study we only focused on the interformat reliability and our design
did not consider other tests of psychometric properties such as the
test-retest reliability (as in Bush et al., 2013). Fourth, the inpatient clin-
ical setting – while yielding the advantage of offering a comparably
large clinical sample - may also reduce the external validity of our
study. Although patients filled out the computer version in a room by
themselves and were allowed to fill out the paper version wherever
they wanted, the setting was in a certain way controlled and substan-
tially differs from the setting in studies where disinhibition effects
have been found (such as Booth-Kewley et al., 2007). If participants
complete an internet questionnaire at home, on the participant's own
device and without knowing the researchers in person, the perceived
anonymity might be higher and the setting more naturalistic than in
our study. As such, possibly our resultsmay have limited validity for set-
tings outside a clinic.

5. Conclusion

Ourfindings suggest that the PHQ-9 can be transferred to computer-
ized use without a change in psychometric properties.
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