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Abstract

Empathic interaction is becoming increasingly important in human-
Al interaction, particularly for applications in emotional and mental
health support. As these technologies expand globally, culturally
and linguistically adapted evaluation tools become essential, as
research shows that emotional processing and empathic responses
are stronger in one’s native language. We present a systematic
translation and validation of the Perceived Empathy of Technology
Scale (PETS) from English to German, following a comprehensive
back-translation methodology. Our process included multiple inde-
pendent translations, expert group discussions, and validation with
N =400 participants across both languages. Through confirmatory
factor analysis and measurement invariance testing, we demon-
strate that the German PETS maintains the two-factor structure of
the original scale with excellent reliability and achieves configu-
ral, metric, and scalar invariance across languages. This validated
German PETS enables researchers and developers to accurately
assess how German-speaking users perceive the empathic behavior
of technological systems, supporting the development of cultur-
ally appropriate empathic technologies while further establishing
a methodological foundation for future scale translations in HCIL.

CCS Concepts

« Human-centered computing — Human computer interac-
tion (HCI); HCI theory, concepts and models.
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Table 1: The translated and validated German PETS. To
be used with randomized 101-point sliders ranging from
“stimme iiberhaupt nicht zu” to “stimme voll und ganz zu”.
For the original English PETS version see Table 2.

PETS-ER Emotionale Reaktionsfihigkeit

E1 Das System berticksichtigte meine mentale Verfassung.

E2 Das System wirkte emotional intelligent.

E3  Das System driickte Emotionen aus.

E4 Das System zeigte Sympathie mir gegeniiber.

E5 Das System zeigte Interesse an mir.

E6 Das System unterstiitzte mich dabei, mit einer emotionalen
Situation umzugehen.

PETS-UT Verstindnis und Vertrauen

Ul Das System verstand meine Ziele.

U2 Das System verstand meine Bediirfnisse.
U3 Ich vertraute dem System.

U4 Das System verstand meine Absichten.

1 Introduction

Empathic interaction has emerged as a foundational concept in
human-Al interaction, potentially transforming how users engage
with current and future digital systems such as chatbots or so-
cial robots. Recent technological advances have significantly ex-
panded the capabilities of such systems, particularly in regard to
the processing, understanding, and expression of emotional and
empathic context [36, 37]. This capability is especially valuable in
emotional support scenarios or mental health applications, where
empathic behavior has been shown to increase engagement, trust,
and help users cope with emotional challenges [2, 5, 19]. The grow-
ing availability and use of such digital mental health applications
reflect this trend, especially in Germany, where the digital health-
care act of 2019 has created a regulatory framework supporting
their integration into standard care [24]. However, research indi-
cates that emotional perception and empathic reactions are sub-
ject to significant cross-cultural effects and native-language influ-
ences [31, 38, 46], with studies showing, for example, that emo-
tional responses are typically stronger in one’s native language
[20, 44]. This underscores the need for validated, localized evalua-
tion tools for assessing empathic systems in that context. With
our translation of the Perceived Empathy of Technology Scale
(PETS) [43], we provide researchers and developers with a vali-
dated instrument to evaluate the perceived empathic behavior of
systems among German-speaking users (see Table 1). Our overall
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objective is to foster future language-adapted human-Al interac-
tion with empathic systems such as context-specific chatbots, per-
sonal assistants, and social or care robots. Building on the work
of Brislin [7], Klotz et al. [32] and Jones et al. [29], our study
demonstrates the successful application of a validated, systematic
back-translation process for HCI scales. This provides a method-
ological foundation for future translations of similar measurement
instruments across different cultural and linguistic contexts. Ad-
ditional information on how to apply the PETS can be found at
https://perceived-empathy-of-technology-scale.com.

2 Related Work

Next, we introduce the overall context of empathic systems, the
PETS, cross-cultural aspects of empathy in HCI, and the back-
translation process as the foundation of our approach.

2.1 Empathic Systems

Empathy is a core construct in human interaction and in mod-
ern HCI, especially with the increasing conversational capabili-
ties of artificial systems such as chatbots, voice agents, or social
robots [36, 37]. Implementing empathic behavior in such systems
was found to increase engagement and trust [2, 5] and could help
users cope with emotional challenges such as anxiety [2] or social
exclusion [19]. These benefits are especially pronounced in the con-
text of medical or mental health support. For example, in medical
contexts, research found that empathic chatbots are preferred over
non-empathic ones [16, 33]. A famous early example is “Woebot”, a
rule-based chatbot that generates empathic responses designed to
reduce symptoms of depression [22]. More recent research particu-
larly focuses on LLM-based applications, showing that systems such
as ChatGPT were able to outperform human empathic response
generation, for example, in conversations between patients and
healthcare providers [1, 21, 34, 47].

In the context of mental health, Yonatan-Leus and Brukner [49]
explored Al-based chatbots, finding that artificial responses scored
higher in perspective-taking, empathic concern, and supportive in-
terventions compared to human psychotherapists. Similarly, Seitz
[45] explored empathic communication in healthcare chatbots in
more detail and found that empathy enhances perceived warmth,
trust, and intention to use. However, they also highlight that em-
pathic and sympathetic responses can decrease the perceived au-
thenticity of a system. Although for the scope of this work we will
not go deeper into empathic system design, we do highlight that
applications in this context involve not only benefits, but also risks
and ethical concerns, including issues related to privacy, liability,
and social implications such as emotional attachment or techno-
logical dependency [8, 14, 40]. Despite such risks, the increasing
number of available applications shows the potential of employing
empathic agents for mental health support [18, 26, 39].

2.2 Evaluating Empathic Systems: PETS

The growing trend toward empathic agents is also reflected in re-
search on how to evaluate such systems, for example, in terms of
effectiveness, therapeutic alliance [4, 35], or underlying concepts
such as empathic interaction [12, 43]. While related research often
applied adapted, unvalidated scales in this context, the Perceived
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Table 2: The original English version of PETS [43].

PETS-ER Emotional Responsiveness

E1 The system considered my mental state.

E2 The system seemed emotionally intelligent.

E3  The system expressed emotions.

E4 The system sympathized with me.

E5 The system showed interest in me.

E6 The system supported me in coping with an emotional
situation.

PETS-UT Understanding and Trust

Ul  The system understood my goals.

U2 The system understood my needs.

U3 Itrusted the system.

U4 The system understood my intentions.

Empathy of Technology Scale (PETS) offers a validated tool to mea-
sure how users perceive the empathic behavior of systems [43].
PETS consists of two factors, Emotional Responsiveness (PETS-ER)
and Understanding and Trust (PETS-UT) with in total 10 items (see
Table 2). The items in PETS-ER relate to a system’s emotional un-
derstanding, expressions, and support, while the items in PETS-UT
reflect a system’s understanding of the user’s goals, needs, and in-
tentions, as well as its trustworthiness. The scale items are intended
to be used with 101-point sliders ranging from “strongly disagree”
to “strongly agree”, and to be applied in randomized order [43].
Although PETS was developed using a bottom-up approach, the
authors provide an interpretation of how items potentially relate
to the cognitive and affective dimensions of empathy. This multi-
dimensional definition is commonly used in empathy research, with
cognitive empathy referring to the understanding and perception
of another person’s situation and affective empathy referring to
the emotional reactions derived from that understanding [3, 15, 17].
The PETS was developed in English, and validated with 300 par-
ticipants mainly from the European Economic Area [43]. As many
of the empathic applications described in Section 2.1 are conversa-
tional interfaces aimed at providing emotional support, we argue
that the evaluation should take place in the native language of the
users, taking into account potential cross-cultural aspects of such
interaction. Therefore, we see the importance of translating the
original English PETS scale into different target languages.

2.3 Cross-Cultural Aspects of Empathy

Various research indicates that the experience of emotions [20],
emotion recognition [44] or concepts related to empathy such as
self-compassion [6], personal distress and empathy concerns [9]
may vary between cultures and languages. For example, Cassels
et al. [9] found that East Asian participants reported greater per-
sonal distress and less empathic concern than Western subjects.
Pavlenko [38] reviewed research on the effects of second languages
on cognitive and affective processing and suggested that emotional
responses are often stronger in one’s native language. For example,
Keysar et al. [31] suggest that communication in a foreign language
creates a greater cognitive and emotional distance. Similarly, Ward
and Ragosko [46] found that processing information in one’s first
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Initial Translation Group Discussion & BT Validation
FT, — BT, Individual group N=200 N=200
GERE NGO translations (N=7) I_> Samplegm SampleENG
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on each item 3. Scalar Invariance

Figure 1: The process we applied to translate PETS from English (ENG) to German (GER) with multiple forward (FT) and back
translation (BT) steps, and a group discussion to generate a consolidated translation (CT). The final German PETS was validated
with Confirmatory Factor Analyses (CFA) for invariance testing, based on a German and English study sample (each N=200).

or native language results in higher scores on measures of em-
pathy and emotional intelligence. With regard to the increasing
of potential empathic systems in the area of mental health (Sec-
tion 2.1), we also explored related research on the role of language
in mental health support and therapy. Griner and Smith [25] pub-
lished a widely-cited meta-analysis, describing that cultural and
language adaptations positively affect the outcome of mental health
interventions. For example, code-switching in multilingual therapy
may help patients to express themselves more fully, encouraging
therapists to provide such practices or ideally offer therapy in the
client’s primary language [13, 41]. As the research described above
focuses primarily on cross-cultural aspects of emotional and em-
pathic behavior in human-to-human interaction, we argue that the
evaluation of artificial empathic systems, such as those used in
digital mental health support, requires the use of validated mea-
surement tools adapted to different languages and cultural contexts.

2.4 Translation for Cross-Cultural Research

In 1970, Brislin [7] introduced their back-translation process for
cross-cultural translation. It involved four key steps: (1) transla-
tion from source to target language, (2) blind back-translation to
source language, (3) comparison of versions to identify discrepan-
cies, and (4) revision and iteration as needed. In their work, Brislin
[7] established five criteria for translation quality and demonstrated
that content type, difficulty level, and language similarity signifi-
cantly affect translation outcomes. Thirty years later, Jones et al.
[29] published a widely cited publication that suggested significant
refinements to Brislin’s back-translation model. Rather than the
original sequential approach, they recommend simultaneous in-
dependent translations by multiple bilingual experts, followed by
collaborative discussions to resolve discrepancies. Their six-step
process includes concurrent translations, blind back-translations,
group consensus meetings, and cross-lingual validation testing with
bilingual participants, which helps uncover subtle differences in
meaning between seemingly equivalent items.

Klotz et al. [32] provided a recent review of over 300 articles
related to back-translation methodology and revealed significant
shortcomings. They found that while back-translation was the dom-
inant procedure for translating scales in organizational research,
only 15.6% of the publications reported pretesting translated scales,
with only 3.9% reporting quantitative evidence of equivalence. To
address that lack of validation, the authors recommend conducting
qualitative analysis (committee reviews, random-probe techniques)

to identify problematic items, or to perform confirmatory factor
analysis for invariance testing to statistically demonstrate that indi-
viduals would respond similarly to items regardless of the language.

3 Methodology

Our three-phased translation process (Figure 1) is based on the work
of Brislin [7], Jones et al. [29] and Klotz et al. [32]. The actual scale
translation consisted of two phases: the initial translation and a
consolidating group discussion followed by a final back-translation.
The third phase then covered the validation of the translated scale.

Initial Translation. For the initial translation phase, Jones et al.
[29] recommend having two or more independent translators si-
multaneously creating target versions of the scale. We followed this
recommendation and produced four independent forward transla-
tions and four independent back-translations from a total of eight
professional English-German translators (Section 4.1).

Group Discussion & BT. In the second phase, experts with back-
grounds in HCI and psychology, all fluent in English and German,
discussed the initial translations (Section 4.2). The goal of this group
discussion was to create a consolidated German scale, focusing on
contextual meaning and consistent grammar. We then had a new
group of independent translators back-translate this consolidated
version for comparison with the original English scale. At this point,
if consensus had not been reached in the group discussion or if the
back-translations were not satisfactory, we had the option of re-
peating these steps, although this proved unnecessary (Section 4.3).

Validation. The third phase of our process involved statistical
validation as recommended by Klotz et al. [32]. For that, we ana-
lyzed study data from two samples, one conducted in English and
one in German (Section 5). Based on established guidelines for con-
firmatory factor analysis (CFA) and variance testing [10, 48], we
selected a sample size of N = 200 for each language group to ensure
adequate statistical power. For the two studies, we used the publicly
available test scenarios from the original PETS development [43]
and translated them to German for the new target sample. We then
conducted CFA for invariance testing to determine whether the
basic factor structure holds across both language versions (configu-
ral invariance) and to test the similarity of factor loadings (metric
invariance). In addition, we followed the recommendation of Klotz
et al. [32] and tested scalar invariance to see if the two samples
reflect similar response styles.
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Table 3: Overview of the experts’ demographic background and their self-assessed language skills and expertise in related fields.
The black squares represent the individual ratings on 5-point scales. Average values show a numerical representation (1-5).

P1 P2 P3 P4 P5 Pe6 P7 Avg SD
Age 28 28 30 29 30 30 29 29.14 0.83
Gender female female female female male male male
Degree Master’s Master’s Doctoral Master’s Doctoral Master’s Master’s
Expertise assessment!
Psychology ENO00 EECO00 2 SEE000 2SSEES0 2 §SSEES0 2 SSSEE EEEO0 3.14 1.12
HCI EEEEE EEN0D] SESEENE EEEEE EEEEE EEEED  EEEEO 443 0.73
Affective systems EEEED EEEOD0 SO0000 2 SESES0 2 SSEES0 2SS0 2 «SSEEE 3.57 1.18
Emotion / Social / Behavioral theories EEEED NEENOD EEO0O0 2 SESESD0 2 SESEE §SEEEEE EEEEO 3.86 0.99
Empathy measurement or theories ERO00 EEEOO0 SE0000 2 2SEEE0o | |m[m]m] EEEED] EEEOO 2.57 0.90
Scientific scales application ENEEEE EEESE] SEEEE EEEEE EEEEE EEEEE EEEEE 4.86 0.35
Scientific scales development EEEEND] EEO0O0 EEOO0 2SEEED SE000 2 2SSEE0 §SSEE. 3.29 1.16
Language skill assessment?
English reading EEEEE EEEED NEEEED SEESD 2 NEEEED  SEEED EEEED 4.14 0.35
English writing ENEEE EEEENE EEEED NEEEND NSNS0 SEEEED EEEEO 429 0.45
German reading EEEEE NEEESD] SESEE SEEEE SEEEE SEEEE EEEEE 4.86  0.35
German writing ENEEE EEESED] SESEENE HEEEEE EEEEE SEEEE EEEEE 486 0.35

1 expertise rating scales: strongly disagree | disagree | neutral | agree | strongly agree

2 language rating scales: Basic (A1-A2) | Intermediate (B1) | Upper Intermediate (B2) | Advanced (C1) | Mastery (C2)

4 Translation

For scale translation, we conducted forward and back-translations
of the original scale, an expert group discussion for consolidation,
and a final back-translation, as described in Section 3.

4.1 Initial Translation

To create the four forward translations (English to German) and the
four back-translations (German to English), we recruited in total
eight individual bilingual translators through the online platform
Fiverr. The translators were required to be fluent in both languages
and have at least a platform rating level of 2. Each translator was
compensated for their service with between 8 € and 14 €, depend-
ing on individual experience and asking price. We instructed four
translators to translate all scale items including the titles of the
underlying factors to German, and not to use Al translation services.
Subsequently, we let four different translators translate the German
versions back to English, following the same process. The resulting
forward (F1-F4) and back-translations (B1-B4) for each item and the
factor titles are displayed in the appendix (Table 9 and Table 10).

4.2 Group Discussion

Based on the initial translations, we conducted an in-person group
discussion with seven experts in HCI and psychology, facilitated
by three of the authoring researchers. In total, the session lasted
approximately 90 minutes.

Participants. Table 3 provides demographic information and self-
assessed ratings of participants’ background, expertise, and lan-
guage skills. For language skill assessment, participants had to rate
their English and German reading and writing skills on a 5-point
scale reflecting CEFR language levels, ranging from Basic (A1-A2) to
Mastery (C2). As with the development of the original PETS [43], we
assessed the experts’ backgrounds in affective systems, emotional,

social, and behavioral theories, empathy-related constructs and
measurement, as well as their experience with scientific scale de-
velopment and application. For these assessments, we used 5-point
rating scales (see Table 3). We deliberately selected participants
based on these criteria, as contextual understanding was critical
during the consolidation phase. In addition, participation required
advanced proficiency in both English and German language.

Individual Translations. First, after an introduction to the overall
goals and the English PETS, each expert was asked to independently
translate the original scale, using prepared handouts. The aim of
this step was to identify potentially new perspectives compared
to the original translations of Section 4.1 and to further introduce
experts to the scale. This step took approximately 15 minutes.

Group Discussion. The group then systematically examined each
scale item separately, reviewing the forward and backward trans-
lations we had generated with external translators as described
in Section 4.1. At this stage, each expert also shared their individ-
ual translation of the item. The primary goal of this collaborative
discussion was to agree on a final translation of each item that
accurately captured the meaning of the original. An additional goal
was to maintain a consistent style across all items.

Results. During the discussion, several key language choices
emerged. The group debated the use of simple past versus past per-
fect tense in German, ultimately choosing simple past. Word choice
discussions included, for example, translating “intentions” (item
U4) as either “Absicht” or “Intention”. The group chose “Absicht”
because it is more commonly used and easier to understand. A
major discussion centered on how to translate “mental state” (item
E1). The literal translation “mentaler Zustand” suggests more of a
medical condition, so the group agreed on a more generic transla-
tion (“mentale Verfassung”). Another example was the translation
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(a) game companion (2:08 min)

(c) work companion (2:33 min) (d) work app (2:00 min)

Figure 2: Screenshots of each of the four animated test scenar-
ios: (a) an empathic robot companion that provides support
during a board game, (b) a smartphone application for log-
ging and view game information, (c) an empathic voice-based
work assistant and (d) an notification and popup based office
application. All scenarios included narrative audio tracks.

of “sympathized” (item E4). While three of four forward transla-
tions translated “sympathized” to showing “Mitgefiihl”, the group
determined that this term would rather suggest compassion and
chose to stay with the German term “Sympathie” in that item. De-
spite several other discussions on specific wording, a consensus
was reached quickly, though sometimes against the more literal
forward translations, highlighting the importance of this phase.

4.3 Final Back-Translation

Appendix Table 9 and Table 10 contain the consolidated transla-
tion (CT) resulting from the group discussion. Two independent
translators (B5, B6) translated each of these German items back to
English. As in the initial translation (Section 4.1), we recruited pro-
fessional translators for this step through Fiverr. We then reviewed
these back-translations and found that all of the items reflected
the original meaning and, in most cases, also the literal wording
perfectly well. Based on this evaluation, we entered the validation
phase with the consolidated German PETS as depicted in Table 1.

5 Validation

We followed the design of the validation study from the original
PETS development [43], using four different video scenarios of
empathic and non-empathic systems, and created two different
samples, one in English and one with the translated German scale.

5.1 Participants

To obtain two equally sized samples (for German and English, each
N = 200), we recruited 300 new participants through Prolific and
re-used data from a N = 100 sample from the original PETS valida-
tion [43]. For the newly recruited participants, we inferred language
fluency through Prolific’s pre-screening and qualitative analysis of
the task summaries.

German Sample. We recruited N = 200 German-speaking partic-
ipants from 28 different countries. The majority (171) resided in the
European Economic Area (106 of them in Germany), 19 in North
Anmerica, four in the Asia-Pacific region, three in South America,
two in East Africa, and one from Southern Africa. The mean age
was 39.3 years (SD = 11.1), with 96 participants identifying as
female and 104 as male.

English Sample. For the English-speaking sample (N = 200), we
combined data (N = 100) from the original, PETS validation run, as
provided by Schmidmaier et al. [43], with data from another 100
newly recruited participants. This combined English sample con-
sisted of participants from 20 different countries, with the majority
of 167 participants residing in the European Economic Area, 29 in
North America, two in the Asia-Pacific region, and one each from
the Middle East and South America. The mean age was 35.2 years
(SD = 11.8), with 95 participants identifying as female, 104 as male,
and one as non-binary.

5.2 Material

For scale validation, we used the four task videos from the original
PETS publication [43], depicting interactions with two empathic
systems, a game companion robot (a) and a work companion applica-
tion (c), and two non-empathic systems, a functional game support
application (b) and an office work application (d) (see screenshots
in Figure 2). For the German validation study, we translated the
voice lines of the videos into German, using manual text translation
and OpenAlI’s text-to-speech generation. However, we made sure
to stay close to the original voice styles, for example by choosing a
robot voice in scenario (a). The newly generated video scenarios
can be found in the Supplementary Material.

5.3 Procedure

The study procedure closely followed the original validation study
[43], with all instructions being written in the corresponding tar-
get language (English for the original scale and German for the
translated scale sample). Participation via Prolific was voluntary
and could be terminated at any time. After explaining the study
objectives and how the data would be processed, we obtained the
consent of the participants and collected their demographic infor-
mation. For the main task, each participant was randomly assigned
to one of the four test scenarios (Section 5.2) and instructed to watch
the corresponding video at least once. To ensure comprehension
and the quality of responses, we asked participants to write a brief
summary of the scenario after they finished watching. We then
asked participants to rate their perception of the depicted system
using the 10-item PETS, with items presented in random order.
The sliders had an internal range from 0 to 100 and were labeled
from strongly disagree to strongly agree in the English language
group, and from stimme tiberhaupt nicht zu to stimme voll und ganz
zu in the German version. On average, the study took 7.68 min-
utes (SD = 4.12) to complete in the combined English sample and
8.32 minutes (SD = 4.88) in the German sample. Participants were
compensated with 1.10£.
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Table 4: Median PETS scores across the four scenarios for the
original and the translated scale (each N=200). The scenarios
depicted two empathic companions (a, ¢) and two purely
functional systems (b, d). PETS ratings ranged from 0..100.

English (Original)
PETS PETS-ER PETS-UT
Scenario MD IOR MD IQR MD IOR

80.60 25.80 81.25 24.04 77.50 29.44
34.50 24.25 17.92 29.79 58.75 22.50
69.65 35.02 69.25 35.17 71.50 30.06

(a) game comp.

(b) game app
(c) work comp.

(d) work app 14.10 18.90 7.42 22.58 23.25 28.25
German (Translated)
PETS PETS-ER PETS-UT
Scenario MD IQR MD IQR MD IQR

74.65 23.50 76.75 29.25 70.75 23.19
33.25 19.10 18.33 23.33 54.75 28.75
71.55 20.98 73.17 26.62 71.12 27.06
22.20 25.23 12.33 18.83 33.12 36.81

(a) game comp.
(b) game app
(c) work comp.
(d) work app

5.4 Results

Following the validation process described by Klotz et al. [32], we
assessed the equivalence between the original and the translated
PETS using a series of increasingly restrictive tests for measure-
ment invariance. In addition, we tested internal consistency and
examined descriptive statistics for each study scenario. The data can
be found in the Supplemental Material. Table 4 shows the perceived
empathy ratings for each scenario in both languages.

PETS within Samples. To examine differences between scenarios,
we performed nonparametric analyses due to the non-normal dis-
tributions of the data (Shapiro-Wilk tests, p < .05). Kruskal-Wallis
tests revealed significant differences in PETS ratings between sce-
narios for both language samples. The empathic scenarios (a) and
(c) consistently received significantly higher PETS ratings than the
non-empathic scenarios (b) and (c). Post hoc analyses with Dunn’s
test (Bonferroni-adjusted) revealed significant differences (p < .05)
between empathic (a, ¢) and non-empathic (b, d) scenarios in almost
all comparisons, confirming the intended effect of different levels
of empathy between the scenarios. For the PETS-UT subscale in the
English sample, the work companion was not rated significantly dif-
ferently from the game app (p = .122). We discuss this effect further
in Section 6.2. The detailed results can be found in the Appendix
Table 8 and Table 7.

PETS between Samples. We further conducted Kruskal-Wallis
tests on the combined sample to examine potential language group
effects. The results did show no significant differences between
language groups for PETS, PETS-ER, and PETS-UT (all p >= .799),
while differences between scenarios were still significant across all
measures (all p < .001). In addition, we performed Bayesian Mann-
Whitney U tests (data augmentation, 5 chains of 1000 iterations)

Schmidmaier et al.

with JASP [28] to examine language group effects for each scenario.
For scenarios (a), (b) and (c), the results (see Table 6) showed mod-
erate evidence (BF1p = 0.209 — 0.325), for scenario (d) anecdotal
evidence (BFjg = 0.422 — 0.458), that the results are the same, i.e.
they come from the same population, regarding PETS and both
subscales.

Invariance. We computed CFA with the lavaan package in R [42]
and followed established guidelines [10, 27] for results interpreta-
tion. As shown in Table 5, the configural invariance model demon-
strated a good fit (CFI = .961, TLI = .949, RMSEA = .107, SRMR =
.038), indicating that the basic factor structure holds for both lan-
guage versions. When constraining the factor loadings to be equal
across groups, the model maintained a good fit (CFI = .960, TLI =
.952, RMSEA = .103, SRMR = .056). The change in fit indices was
minimal (ACFI = —.001, ARMSEA = —.004), well within the rec-
ommended thresholds (ACFI < .01, ARMSEA < .015), supporting
metric invariance. This suggests that items function similarly across
language versions and that relationships between latent constructs
can be meaningfully compared.

Figure 3 shows the factor structure and standardized loadings
for both scale versions. While the factor loadings were largely
comparable, item U3 showed a substantially lower loading in the
German version (0.47) compared to the English version (0.63). We
suggest that this localized difference did not compromise the overall
metric invariance, as evidenced by the acceptable changes in fit
indices when constraints were imposed, and the strong psycho-
metric properties maintained by the overall scale and subscales in
both languages (Section 6.2). The scalar invariance model, with both
loadings and intercepts constrained to be equal, also demonstrated
good fit (CFI = .960, TLI = .957, RMSEA = .098, SRMR = .056).
Comparison with the metric model showed negligible changes in fit
indices (ACFI = .000, ARMSEA = —.005), providing strong evidence
for scalar invariance. This indicates that not only the factor loadings
are equivalent across language versions, but also the item intercepts
are comparable, allowing valid comparisons of latent means across
scales. These results provide robust evidence of measurement equiv-
alence between the original and translated PETS, supporting its
use for cross-cultural comparisons. Although the RMSEA values
across all models were slightly above the conventional threshold
of .08 [27], the excellent CFI and TLI values, together with the low
SRMR values, provide substantial evidence of good model fit.

Internal Consistency. To assess internal consistency, we calcu-
lated Cronbach’s alpha for both the total scale and the subscales
in each language. The original English scale demonstrated excel-
lent internal consistency (@ = .956), which was closely matched
by the translated German version (¢ = .950). The PETS-ER sub-
scale showed excellent reliability in both the original (¢ = .960) and
translated versions (a = .955). The PETS-UT subscale demonstrated
good reliability in both the original (¢ = .877) and translated ver-
sions (@ = .853). These results indicate that the translated version
maintains comparable internal consistency to the original scale,
providing evidence of the psychometric quality of the translation.
The slight decrease in reliability for the PETS-UT subscale in the
translated version (Aa = .024) is minimal and still within the range
considered good for research purposes [23].
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Table 5: Measurement invariance testing results for the PETS across two samples with original (N=200) and translated (N=200)
versions. Model comparisons show the difference between metric and configural as well as scalar and metric model results.

Model Fit Indices Model Comparisons
Model )(2 df CFHI TLI RMSEA SRMR A )(2 Adf ACFI ARMSEA
1. Configural Invariance 22256 68 0961 0949  0.107 0.038 — — — —
2. Metric Invariance 237.65 76 0.960 0.952 0.103 0.056  15.09 8 -0.001 -0.004
3. Scalar Invariance 24429 84 0.960 0.957 0.098 0.056  6.63 8 0.000 -0.005

6 Discussion

In this work, we introduced and applied a combined methodological
process (see Section 3) to translate and validate the Perceived Em-
pathy of Technology Scale (PETS) to German. In the following, we
discuss validation results, discrepancies, cross-cultural implications
and limitations, and reflect on the overall methodology.

6.1 Translation Equivalence and Validity

Our comprehensive validation approach addressed the methodolog-
ical concerns raised by Klotz et al. [32], regarding the frequent lack
of quantitative validation of translated scales. Measurement invari-
ance testing provided robust evidence of equivalence between the
original English and translated German versions of the PETS. As
described in Section 5.4, the configural invariance model demon-
strated a good fit, confirming that the factor structure of the PETS
holds in both language versions. This finding is particularly impor-
tant because it confirms that German-speaking users conceptualize
perceived empathy in technological systems similarly to English-
speaking users. Metric invariance testing further strengthened our
validation by showing that factor loadings were equivalent across
versions, with minimal changes in fit indices (see Table 5). This sug-
gests that the items function similarly across the two languages and
that relationships between latent constructs can be meaningfully
compared between the two versions of the scale. The scalar invari-
ance results provide evidence that not only factor loadings but also
item intercepts are comparable, allowing for valid comparisons of
latent means across language groups.

As noted in Section 5.4, the RMSEA values for all models (ranging
from .098 to .107) were slightly above the conventional threshold of
.08 suggested by Hu and Bentler [27]. Although this may initially
raise concerns, the following methodological considerations contex-
tualize these results. First, RMSEA tends to penalize simpler models
with fewer degrees of freedom, which is relevant for our two-factor
model with 10 items, and 68 to 84 degrees of freedom [30]. Second,
the excellent values for CFI (> .960) and TLI (> .949), along with the
consistently low SRMR values (< .056), provide substantial counter-
evidence for a good model fit. This consistent pattern across all
invariance levels, with minimal changes in fit indices between mod-
els, further supports the validity of our findings despite the slightly
elevated RMSEA. Finally, the excellent internal consistency values
for both the overall PETS and its subscales provide additional sup-
port for its reliability. Therefore, we argue that the German PETS is
a valid and reliable instrument for assessing perceived empathy in
systems among German-speaking users, allowing researchers and
practitioners to conduct cross-cultural studies.

6.2 PETS-UT Subscale Discrepancy

While the emotional responsiveness subscale (PETS-ER) consis-
tently discriminated between empathic and non-empathic systems
in both languages, the understanding and trust subscale (PETS-UT)
showed a discrepancy in the English sample. Specifically, partic-
ipants did not rate the work companion significantly differently
from the game app on this subscale (p = .122), even though they
represented empathic and non-empathic systems, respectively. Fur-
thermore, as shown in Figure 3, item U3 (“Ich vertraute dem Sys-
tem®) showed a significantly lower loading in the German version
(0.47) compared to the original English version (0.63).

We suggest that this finding may reflect cultural and individual
nuances in how trust in a system is defined and perceived. This
interpretation can be supported by qualitative insights from partic-
ipants’ task summaries: in the work companion scenario (c), some
participants described the assistant as overbearing, manipulative,
or even intrusive - despite its helpfulness - while in the game app
scenario (b), participants expressed skepticism or irritation about
technology in leisure contexts, possibly indicating a preference for
autonomy and low-tech interaction in that context. Also, the lack
of interactivity in the third-person test scenarios is a limitation
already described by Schmidmaier et al. [43], which we believe
potentially weakens the required experience of trust.

While we still decided to follow the same approach for the sake
of comparability of the validation, we envision further validation
with interactive systems in the future, with an additional focus on
the PETS-UT subscale, especially on item U3. Researchers using
the German PETS should be aware of these discrepancies when
interpreting results, especially when they are focusing on the un-
derstanding and trust dimension.

6.3 Cross-Cultural Considerations

Our translation process revealed several cross-cultural and linguis-
tic considerations. German and English differ substantially in their
grammatical structures, vocabulary nuances, and emotional expres-
sions, all of which influenced the translation decisions during the
group discussion and the evaluation of the final back-translation. A
primary consideration was the choice of verb tense. German offers
several forms of the past tense, and our experts debated between
simple past and past perfect (Section 4.2). Although the group found
both forms to be valid, simple past was chosen for the final con-
solidated version to keep the scale concise. During the translation
process grammatical consistency across all items also emerged as
a key feature recommended for scale translation in general. The
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Figure 3: Factor structure and standardized loadings of the
English PETS (left) and the translated German version (right).

most substantive discussions centered on the translation of emo-
tional and empathic terminology. As described in Section 4.2, the
translation of “mental state” in item E1 caused considerable debate,
as the literal translation might carry a more clinical or medical
connotation in German. The group agreed on “mentale Verfassung”
as a more neutral and appropriate alternative that better preserves
the intended meaning. As another example, for the factor title
“Emotional Responsiveness”, experts considered several German
terms, including “Reaktion”, “Empféanglichkeit”, and “Reaktivitat”
before settling on “Reaktionsfahigkeit” as best capturing the out-
ward expression of a system’s emotional capacity. Perhaps the most
controversial was the discussion around item E4’s “sympathized”.
While three of the four forward translations rendered this as “Mit-
gefiihl zeigen” (showing compassion), the expert group recognized
that this implied a deeper emotional connection than the English
term and ultimately chose “Sympathie”. These examples emphasize
the importance of the group discussion phase, and the focus on
contextual and meaningful rather than literal translations.

6.4 Methodological Reflections and Use of Al

Based on our validation results, we suggest that our application
of a systematic back-translation process proved highly effective in
developing an equivalent German version of PETS. Especially the
expert discussion phase allowed us to identify and resolve poten-
tial issues that might have been missed with a simpler translation
approach. This confirms Jones et al. [29]’s claim that collaborative

Schmidmaier et al.

expert discussion can reveal differences in meaning that might
otherwise go unnoticed. Furthermore, as also explored by Chung
and Kim [11], we experimented with Al-based forward and back-
translation, using ChatGPT, Claude, and DeepL. However, as some
of the translations were too literal, we argue that human exper-
tise is still essential for consolidation and evaluation, especially for
instruments measuring complex psychological constructs such as
empathy. In future projects, a hybrid approach could combine the
efficiency of Al translation in the initial phase with human expert
review and empirical validation to ensure quality and validity. For
such an approach, we recommend elaborate contextual prompting,
which in turn would require prior consideration of terminology
or language effects. Contextual Al translation could therefore take
place after the group discussion, for example.

6.5 Limitations and Future Directions

Despite our rigorous approach, we acknowledge several limitations.
As with the original PETS validation, we used third-person video
scenarios, although this approach may not fully capture how users
would perceive empathy in direct interactions with a system. Future
research should further validate the German PETS in more interac-
tive settings. Furthermore, our samples, while adequately sized for
psychometric analyses, were recruited through Prolific, which may
introduce self-selection bias. In addition, the diverse geographical
distribution of the participants harbors the risk that the results are
influenced not only by language, but also by regional cultural dif-
ferences. Finally, the slightly elevated RMSEA values (Section 6.1),
while offset by excellent CFI and TLI scores, suggest that further
refinement of the scale may be beneficial. In particular, the lower
loading of item U3 in the German version indicates an area for po-
tential improvement. Future validation might also include further
tests, for example, regarding convergent validity [43].

Looking ahead, the German PETS opens up new research op-
portunities in German-speaking areas, especially in the evaluation
of empathic technologies for mental health support. Furthermore,
we plan to apply our translation approach to adapt PETS to other
languages, such as Japanese or Chinese, to further enable cross-
cultural research on empathic technology perception, for example,
regarding social robots.

7 Conclusion

In this paper, we present a systematic, empirically validated trans-
lation of the Perceived Empathy of Technology Scale (PETS) from
English to German. Our comprehensive back-translation process,
involving multiple independent translations, expert group discus-
sions, and rigorous psychometric validation based on a German
(N = 200) and an English sample (N = 200), resulted in a German
version of the PETS that maintains equivalence to the original scale
across configural, metric, and scalar levels of invariance. This im-
plies two important contributions to HCI research. First, we provide
researchers and practitioners with a validated instrument for assess-
ing empathic systems with German-speaking users. Second, our
translation process offers methodological insights for cross-cultural
scale adaptation in HCIL. By combining qualitative expertise with
quantitative validation, we demonstrate how to develop translations
that preserve both semantic meaning and measurement properties.
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A Appendix

The appendix provides tables with detailed information on PETS
score statistics for the validation study (Table 7), including scenario-
wise post-hoc tests (Table 8) and Bayesian Mann-Whitney U test
over both samples (Table 6), as well as the individual forward /
back-translations for the initial translation and the group discussion
(Table 9 and Table 10).

Table 6: Results of Bayesian Mann-Whitney U tests (data
augmentation, 5 chains of 1000 iterations) over combined
data from both samples, examining language group effects
for each scenario.

Measure Scenario BFyg W Rhat
PETS (a) game companion  0.277  1410.500  1.001
PETS-ER (a) game companion  0.325  1417.000  1.001
PETS-UT (a) game companion  0.234  1364.500 1.001
PETS (b) game app 0.213  1315.500  1.000
PETS-ER (b) game app 0.225 1226.000 1.000
PETS-UT (b) game app 0.241  1373.500 1.003
PETS (c) work companion  0.224  1238.000  1.000
PETS-ER (c) work companion  0.225 1224.000 1.001
PETS-UT (c) work companion  0.209  1247.500  1.001
PETS (d) work app 0.440 1023.500 1.000
PETS-ER (d) work app 0.422  1054.000 1.001
PETS-UT (d) work app 0.458 1025.500 1.002

Schmidmaier et al.

Table 7: Kruskal-Wallis test results for differences across
scenarios within language samples.

Measure Language Test Statistic p-value
PETS original 109.71 <.001
PETS-ER original 121.18 <.001
PETS-UT original 71.38 <.001
PETS translated 120.03 <.001
PETS-ER translated 127.71 <.001
PETS-UT translated 72.01 <.001

Table 8: Post-hoc comparison results between scenarios
within each language sample (Dunn’s Test with Bonferroni
Correction) with (a) game companion, (b) game app, (c) work
companion, and (d) work app.

Comparison Measure Language z p-value

(b) vs. (a) PETS original —6.46 <.001 e
(b) vs. (a) PETS translated —7.21 <.001 o
(b) vs. (a) PETS-ER original —7.75 <.001 e
(b) vs. (a) PETS-ER  translated —8.10 <.001 o
(b) vs. (a) PETS-UT original —3.37 .002 *
(b) vs. (a) PETS-UT translated —4.25 <.001 e
(b) vs. (d) PETS original 2.59 .029 *

(b) vs. (d) PETS translated  1.74 .244

(b) vs. (d) PETS-ER original 1.12 .786

(b) vs. (d) PETS-ER translated .60 1.000

(b) vs. (d) PETS-UT original 451 <.001 e
(b) vs. (d) PETS-UT translated 3.42 .002 *
(b) vs. (c) PETS original —5.19 <.001 e
(b) vs. (c) PETS translated —6.29 <.001 o
(b) vs. (c) PETS-ER original —6.52 <.001 i
(b) vs. (c) PETS-ER  translated —7.21 <.001 o
(b) vs. (c) PETS-UT original —2.05 122

(b) vs. (c) PETS-UT translated —3.22 .004 *
(a) vs. (d) PETS original 9.05 <.001 i
(a) vs. (d) PETS translated  8.95 <.001 i
(a) vs. (d) PETS-ER original 8.87 <.001 i
(a) vs. (d) PETS-ER  translated 8.70 <.001 o
(a) vs. (d) PETS-UT original 7.88 <.001 i
(a) vs. (d) PETS-UT translated 7.67 <.001 i
(a) vs. (c) PETS original 1.27 613

(a) vs. (c) PETS translated .93 1.000

(a) vs. (c) PETS-ER original 1.23 .658

(a) vs. (c) PETS-ER translated .89 1.000

(a) vs. (c) PETS-UT original 1.33 .554

(a) vs. (c) PETS-UT translated 1.02 918

(d) vs. (c) PETS original —7.78 <.001 i
(d) vs. (c) PETS translated —8.03 <.001 o
(d) vs. (c) PETS-ER original —7.64 <.001 o
(d) vs. (c) PETS-ER  translated —7.81 <.001 e
(d) vs. (c) PETS-UT original —6.56 <.001 e
(d) vs. (c) PETS-UT translated —6.64 <.001 e
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Table 9: The results for PETS-ER based on four individual forward translations (F1-F4), four individual backward translations
(B1-B4), the consolidated group translation (CT), and its back-translations (B5, B6). The final selection is printed in bold.

Forward-Translations

Back-Translations

PETS-ER: “Emotional Responsiveness”

F1  Emotionale Reaktionsfihigkeit B1  Emotional reactivity
F2  Emotionale Reaktionsfahigkeit B2  Emotional Responsiveness
F3  Emotionale Reaktionsfihigkeit B3  Emotional Responsiveness
F4  Emotionale Reaktionsfahigkeit B4  Emotional Responsiveness
CT Emotionale Reaktionsfihigkeit B5  Emotional Responsiveness

B6  Emotional Reactivity

PETS-E1: “The system considered my mental state.”

F1  Das System beriicksichtigte meinen mentalen Zustand. B1  The system considered my mental state.
F2  Das System beriicksichtigte meinen mentalen Zustand. B2  The system took my mental state into account.
F3  Das System beriicksichtigte mein mentales Befinden. B3 The system took my mental state into account.
F4  Das System beriicksichtigte meinen mentalen Zustand. B4  The system took into consideration my mental state.
CT Das System beriicksichtigte meine mentale Verfassung. B5  The system considered my mental state.

B6  The system took my mental state into account.

PETS-E2: “The system seemed emotionally intelligent.”

F1  Das System wirkte emotional intelligent. B1  The system appeared emotionally intelligent.
F2  Das System schien emotional intelligent zu sein. B2  The system appeared to be emotionally intelligent.
F3  Das System zeigte emotionale Intelligenz. B3 The system showed emotional intelligence.
F4  Das System schien emotional intelligent zu sein. B4  The system seemed to be emotionally intelligent.
CT Das System wirkte emotional intelligent. B5  The system appeared emotionally intelligent.

B6  The system appeared emotionally intelligent.

PETS-E3: “The system expressed emotions.”

F1  Das System hat Emotionen ausgedriickt. B1  The system expressed emotions.
F2  Das System driickte Emotionen aus. B2  The system expressed emotions.
F3  Das System hatte Gefiihle zum Ausdruck gebracht. B3 The system had expressed feelings.
F4  Das System driickte Emotionen aus. B4  The system expressed emotions.
CT Das System driickte Emotionen aus. B5  The system expressed emotions.

B6  The system expressed emotions.

PETS-E4: “The system sympathized with me.”

F1  Das System empfand Mitgefithl mit mir. Bl  The system empathized with me.
F2  Das System zeigte Mitgefithl mit mir. B2  The system showed compassion towards me.
F3  Das System zeigte Mitgefiihl. B3 The system showed compassion.
F4  Das System sympathisierte mit mir. B4  The system sympathised with me.
CT Das System zeigte Sympathie mir gegeniiber. B5  The system showed sympathy towards me.

B6  The system showed sympathy towards me.

PETS-E5: “The system showed interest in me.”

F1 Das System zeigte Interesse an meiner Person. B1  The system showed interest in my person.
F2 Das System zeigte Interesse an mir. B2  The system showed interest in me.
F3  Das System hatte sich fiir mich interessiert. B3 The system had taken an interest in me.
F4  Das System zeigte Interesse an mir. B4  The system showed interest in me.
CT Das System zeigte Interesse an mir. B5  The system showed interest in me.

B6  The system showed interest in me.

PETS-E6: “The system supported me in coping with an emotional situation.”
F1  Das System hat mich dabei unterstiitzt, mit einer emotionalen Situation umzuge- B1  The system supported me in dealing with an emotional situation.
hen.

F2  Das System unterstiitzte mich beim Bewiltigen einer emotionalen Situation. B2  The system supported me in dealing with an emotional situation.
F3  Das System half mir, eine emotionale Situation zu bewiltigen. B3 The system helped me to deal with an emotional situation.
F4  Das System unterstiitzte mich bei der Bewiltigung einer emotionalen Situation. B4  The system supported me in managing an emotional situation.
CT Das System unterstiitzte mich dabei, mit einer emotionalen Situation B5 The system supported me in dealing with an emotional situation

umzugehen
B6

The system supported me in dealing with an emotional situation
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Table 10: The results for PETS-UT based on four individual forward translations (F1-F4), four individual backward translations
(B1-B4), the consolidated group translation (CT), and its back-translations (B5, B6). The final selection is printed in bold.

Forward-Translations

Back-Translations

PETS-UT: “Understanding and Trust”

F1  Verstiandnis und Vertrauen B1 Understanding and trust
F2  Verstindnis und Vertrauen B2 Understanding and Trust
F3  Verstiandnis und Vertrauen B3  Understanding and trust
F4  Verstindnis und Vertrauen B4 Understanding and Trust
CT Verstindnis und Vertrauen B5 Understanding and trust

B6 Understanding and trust

PETS-U1: “The system understood my goals.”

F1  Das System hat meine Ziele verstanden. B1 The system understood my goals.
F2  Das System verstand meine Ziele. B2 The system understood my goals.
F3  Das System verstand meine Ziele. B3  The system understood my goals.
F4  Das System verstand meine Ziele. B4 The system understood my goals.
CT Das System verstand meine Ziele B5 The system understood my goals

B6  The system understood my goals

PETS-U2: “The system understood my needs.”

F1  Das System hat meine Bediirfnisse verstanden. B1 The system understood my needs.
F2  Das System verstand meine Bediirfnisse. B2  The system understood my needs.
F3  Das System hatte Verstandnis fiir meine Bediirfnisse. B3  The system understood my needs.
F4  Das System verstand meine Bediirfnisse. B4 The system understood my needs.
CT Das System verstand meine Bediirfnisse B5 The system understood my needs

B6  The system understood my needs

PETS-U3: ‘I trusted the system.”

F1  Ich konnte dem System vertrauen. B1 Iwas able to trust the system.
F2  Ich vertraute dem System. B2 Itrusted the system.
F3  Dem System vertraute ich. B3 Itrusted the system.
F4  Ich vertraute dem System. B4 Itrusted the system.
CT Ich vertraute dem System B5 Itrusted the system

B6  Itrusted the system

PETS-U4: “The system understood my intentions.”

F1  Das System hat meine Absichten verstanden. B1 The system understood my intentions.
F2  Das System verstand meine Absichten. B2  The system understood my intentions.
F3  Das System konnte meine Intentionen nachvollziehen. B3  The system was able to understand my intentions.
F4  Das System verstand meine Absichten. B4  The system understood my intentions.
CT Das System verstand meine Absichten B5 The system understood my intentions

B6  The system understood my intentions
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