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ARTICLE INFO ABSTRACT

Keywords: In this research paper, we investigated the viability of Al-supported translations of survey ma-
Al terials in intercultural and cross-cultural research, comparing the quality of machine translations
Questionnaire

to traditional human translations. Focusing on the HEXACO personality inventory, we translated
Translation the original English inventory using Google Translate and GPT-3.5 into 33 languages for which
Machine Learning validated human translations exist. The statistical similarity between human- and machine-
GPT generated translations varied considerably between the target languages. It was highest for
target languages from the same language family as the source language, arguably because this
relatedness allowed for more direct machine translations. Consistent with this reasoning, the
genetic similarity between languages largely explained the differences observed. GPT’s temper-
ature setting determining how stringently or freely a text is translated had little influence on the
similarity estimates, but very high levels tended to produce somewhat lower statistical similarity.
To validate the quality of the machine translations, a group of social scientists rated the trans-
lation in a language for which the human and machine translations statistically converged
strongly. Although the human translation was rated as being of higher quality than four out of
five machine translations, these differences were relatively small. Crucially, the social scientists
did not rate the human translation as significantly better than the GPT 3.5 translation with the
lowest temperature setting. Based on these insights, we propose a framework outlining four
recommendations for utilizing Al-supported translation in cross-cultural and intercultural
research, involving Al to varying degrees in the forward-back translation process.

Survey

Social scientists seek to uncover the intricacies that underlie human behavior, interactions, and societal structures. A vital aspect of
this endeavor is the comparative analysis of specific phenomena across different cultures. By juxtaposing diverse cultural backgrounds
and settings, researchers often strive to determine their findings’ universality or cultural specificity (Van De Vijver & Poortinga, 1982),
enriching our understanding of the human experience. Crucial to this comparative approach is the development of valid and accurate
cross-cultural translations of survey materials, as any discrepancies or inaccuracies in translations could lead to flawed conclusions and
misleading comparisons.

Traditionally, forward-back translation (Brislin, 1970) by researchers or specialized professional translators has been considered
the gold standard in ensuring the accuracy of cross-cultural translations. This method involves translating survey materials from the
source language to the target language by one individual or group and then translating them back to the source language by a different
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individual or group unaware of the source text. Discrepancies are detected by comparing the source and back-translated texts, and
adjustments are made to the translation accordingly. While commonly used, this method has its limitations. First, it is time-intensive
and can involve high costs if professional translators are involved. Moreover, the quality of translations depends considerably on the
motivation, attention to detail, training, and linguistic skills of the individuals involved in the process (Ozolins et al., 2020).

With recent advancements in artificial intelligence (Al), there is an apparent potential in harnessing AI’s power to revolutionize the
cross-cultural translation process. Pioneering technologies such as Google Translate and the Generative Pre-trained Transformer (GPT)
series have made high-quality translations readily accessible to a vast audience, sparking a debate on the potential of Al-supported
translations as a more time- and resource-efficient alternative to traditional methods of survey translation (Groves & Mundt, 2015;
Lear et al., 2016). However, the pressing question is whether Al-assisted translation of research materials currently reaches the quality
of validated human translations. Does its quality differ between languages? What do insights into these questions tell us about where
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Fig. 1. Similarity Between Google Translations and Human Translation. Note. Black point estimates represent mean values and error bars represent
95% confidence intervals. Colored points represent data points. bg = Bulgarian, ca = Catalan, zh-CN = simplified Chinese, zh-TW = traditional
Chinese, hr = Croatian, cs = Czech, da = Danish, nl = Dutch, fi = Finnish, fr = French, ka = Georgian, de = German, el = Greek, hu = Hungarian, it
= Italian, ja = Japanese, ko = Korean, 1t = Lithuanian, mk = Macedonian, no = Norwegian, fa = Persian, pl = Polish, pt-BR = Brazilian Portuguese,
pt-PT = European Portuguese, ro = Romanian, ru = Russian, sr = Serbian, sk = Slovak, sl = Slovenian, es = Spanish, sv = Swedish, tr = Turkish,
uk = Ukrainian.
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scientific translation methods in the social sciences are headed? Considering AI's transformative potential, the present research aimed
to provide empirical insights into the viability of machine-supported translations for survey materials in intercultural and
cross-cultural research, making a set of general recommendations.

Our empirical investigation focused on translations of the HEXACO personality inventory (Lee & Ashton, 2004) as it is one of the
most cross-culturally used psychometric instruments with validated translations in various languages. In the first step, we used Google
Translate and GPT-3.5 to translate the original 100-item version of the inventory from English into the 33 languages for which
validated human translations are available (Lee & Ashton, 2023). For the GPT translations, we then systematically altered the tem-
perature parameter. This parameter controls the randomness of the model’s output, with higher values increasing diversity and
creativity at the cost of coherence, while lower values promote more focused and deterministic responses. To the extent that similarity
between the original, validated human translation and the machine-generated translations can be considered a proxy indicator of
high-quality translations, we then used two standard estimates of similarity between texts (i.e., the Jaccard and the Levenshtein indices
of similarity; Jaccard, 1912; Levenshtein, 1966) to calculate similarity scores between the human translations and machine trans-
lations. Further, we tested whether scores on these similarity indices may be explained by the “genetic similarity” between languages
(Beaufils & Tomin, 2023), arguably because more similar languages allow for a more direct machine translation. We also tested
whether the percentage of online content in a given language (W3 Techs, 2023) may explain the performance of the machine
translations, given that more content may have allowed for better training of the model. Finally, we validate the previous results by
letting a group of social scientists rate the quality of the human and machine translations.

Methods

The original English version and 33 official translations of the 100-item HEXACO inventory (Lee & Ashton, 2023) were downloaded
and organized in one file (all materials, data, and code are openly available at https://osf.io/mxrfa/?view_
only=c375de8d658040ec9b8aa597137a42b0). The 33 different languages from various parts of the world can be seen on the
x-axis of Fig. 1 (please note that Mandarin Chinese was represented separately in its traditional and simplified versions and that two
official Spanish translations were available and, hence, analyzed combined).

Next, we translated the original English inventory version into each of these 33 target languages using Google Translate and GPT.
Google Translate is a widely used translation service developed by Google, which supports over 100 languages. Initially based on
statistical machine translation (SMT), Google Translate has evolved to incorporate neural machine translation (NMT; Bahdanau et al.,
2014) to improve translation quality. Its NMT system leverages a deep learning architecture called the sequence-to-sequence (seq2seq;
Google, 2023) model. This model consists of an encoder-decoder framework, where the encoder processes the input text and generates
a fixed-size vector representation, which the decoder then uses to generate the translated text. In addition, Google Translate is trained
on vast amounts of parallel text data collected from various multilingual sources such as websites, books, and other translated doc-
uments. This data helps the NMT system learn and generalize patterns across different languages, enabling it to produce more accurate
translations.

GPT is a language model developed by OpenAl. Based on the Transformer architecture (Radford et al., 2018; Vaswani et al., 2017),
GPT has been trained on vast amounts of data and is capable of generating human-like text. Whereas it was not specifically designed for
translation, GPT can be fine-tuned for translation tasks. It utilizes an attention-based mechanism, which aims at improving perfor-
mance by flexibly utilizing the most relevant parts of the input text. This attention mechanism helps GPT understand and capture the
context of a given text, making it more effective in producing accurate translations. In addition to its attention mechanism, GPT
benefits from a vast pre-training process that exposes it to diverse language structures and idiomatic expressions. This extensive
training allows GPT to understand language intricacies deeply, making it adept at handling complex translation challenges. Moreover,
GPT’s self-supervised learning approach enables it to refine its translation capabilities based on the input-output pairs provided during
fine-tuning. This process allows GPT to continuously learn and adapt, leading to more accurate and reliable translations.

All text was translated once using Google Translate on March 30, 2023, and five times using the GPT 3.5 turbo model (i.e., the most
recent model widely available via API at the time of the study) with different temperature parameters (i.e., 0 [the lowest possible
value], 0.25, 0.50, 0.75, 1.00 [the highest possible value]) on March 30 and 31, 2023. For GPT, we used the following instructions
suggested by the chatbot itself: “You are a helpful assistant that translates English text to different languages. Translate the following
English text to [target language].” Every item was translated through separate API calls.

The resulting translated text was then analyzed using two standard indices of linguistic similarity and with the human ratings of a
sample of specialists (described below). We also enriched the data with two potential sources of this similarity: the genetic similarity
between the source and target languages (Greenberg, 2005) and the percentage of online content in the target languages as a proxy of
the size of the language corpora available for model training. Before the statistical analyses, the non- or semi-alphabetic input texts (i.
e., traditional Chinese, Simplified Chinese, Japanese, and Korean) were tokenized using the jiebaR (Wenfeng & Yanyi, 2019) and
stringi (Gagolewski, 2022) packages to match the required input format for the analyses. We also cleaned the data before analyzing
them. For instance, in some cases, the GPT chatbot added the explanation “Translated into [language]” to the translation. In others, it
added moral disclaimers, such as “Please keep in mind that using counterfeit money is illegal and not recommended. This translation is
for informational purposes only” to the translation of the item “I’d be tempted to use counterfeit money, if I were sure I could get away
with it.” Whenever two translations were provided, we kept the first of them.
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Levenshtein estimate of similarity

The Levenshtein estimate (1966) quantifies the similarity between two strings (sequences of characters) by calculating the min-
imum number of single-character edits required to transform one string into the other. These edits can be insertions, deletions, or
substitutions of individual characters. The Levenshtein distance is based on the principle of determining the most efficient way to
transform one string into another, where the smallest number of edits measures the efficiency.

The Levenshtein distance between two strings A and B can be computed using a dynamic programming algorithm with the
following recursive formula:

max (i, j)if min(i,j) = 0,
levep(i—1,5) +1
lev,y(i,j) = otherwise.
ao(6]) min levey (,j—1)+1

lev,,.b(i b 17j - 1) + 1([,, #bj)

where lev(a, b) is the Levenshtein distance between the first i characters of string a and the first j characters of string b; a; and b;
represent the i-th and j -th characters of strings a and b, respectively. To normalize the Levenshtein distance, it is divided by the
maximum possible distance (i.e., the length of the longer string). In the present paper, we calculated this metric using the stringdist R
library (van der Loo, 2014).

Jaccard estimation of similarity

The Jaccard (1912) similarity coefficient is a statistic used to quantify the similarity between two sets. In text analysis, these sets
can represent two documents’ words, phrases, or other textual elements. The Jaccard similarity coefficient is based on the principle of
comparing the intersection and the union of the two sets in question. Thereby, the Jaccard similarity coefficient formula is:

_|AnB]
"~ JAUB|

J(A,B)

J(A, B) represents the Jaccard similarity coefficient between sets A and B. Next, |A N B| is the size of the intersection of sets A and B
(i.e., the number of elements common to both sets), |A U B is the size of the union of sets A and B (i.e., the total number of unique
elements in both sets). By dividing the number of words in common by the total number of unique items, we get a value that helps us
understand how similar the two texts are. The higher the value, the more similar the texts. The resulting Jaccard similarity coefficient
ranges from O to 1. A value of 0 indicates that the two sets have no common elements, implying that the texts are entirely dissimilar. A
value of 1, on the other hand, indicates that the two sets are identical.

Genetic similarities between languages

The genetic similarity between languages (Greenberg, 2005) can be calculated using a computerized model based on linguistics and
mathematics, similar to methodologies used in biology. The process involves encoding lexical material in a format that a computer can
process. A set of rules is determined to identify cognates based on relationships and sound change. The scoring system ranges from O to
100, with 100 being the highest possible score (same language). The model also calculates the statistical context for all results,
addressing the issue of chance exposure in language evolution analysis. Over 160 languages can currently be compared using this
method, with the system performing millions of comparison tasks within seconds. For the present study, we obtained scores from
Beaufils and Tomin (2023), who adapted the MEGA7 molecular evolutionary genetics model (Kumar et al., 2016) for their analysis.

Percentage of websites corpus in languages

We obtained the estimated percentage of all websites in the different target languages from the W3 Techs (2023) Web Technology
Surveys. W3 Techs determines the percentage of web content in a specific language by analyzing web pages like a search engine. It
fetches web pages and uses specific patterns to identify the languages used. Websites are visited approximately once a month, and
deeper crawling is performed on samples. The reports are updated daily, with more extensive market reports generated monthly.

Human ratings

Finally, we selected one of the languages that converged the most with the human translations (Norwegian) to be rated by humans.
A repeated-measurements GXPOWER (Faul et al., 2009) analysis indicated that 10 participants would provide 90% power to detect a
small effect size (f = 0.25) provided 50 measurements in five groups (five translations; human, Google, three GPT versions) and an
r=.80 between measures. This power analysis and procedure were pre-registered at https://osf.io/23xw9/?view_
only=eb6{f06420f274403b428ce5a06508536.

We recruited 11 experts (6 identifying as women, 5 as men), all social scientists with an average of 7.82 years of experience. On a
scale from O (not experienced at all) to 6 (very experienced), participants rated their experience in survey translation at 4.73 on average
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(SD = 1.74). Based on the European classification system for language competency, all participants had C2 competency in Norwegian,
equal to being a native language speaker. In terms of English competency, six had C1 and five C2. Participants read the following
instruction:

"In research, the accurate translation of scales is important to allow for valid comparisons between countries. Next, we will present
you with items from the HEXACO personality inventory and different translations into Norwegian. We would like you always to judge
the quality of each translation. When evaluating the quality, please pay attention to the following:

1. Accuracy: Ensure that the translated content maintains the original meaning and intent of the source questionnaire without
distortion, omission, or embellishment. This is crucial in obtaining consistent and comparable responses across languages.

2. Cultural Relevance: Check whether the translation has been adapted to the target audience’s cultural context. This may involve
adjusting idioms, metaphors, and examples to avoid confusion, misunderstanding, or offense.
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Fig. 2. Similarity Between GPT 3.5 Translations and Human Translation Across All Temperature Settings. Note. Black point estimates represent
mean values and error bars represent 95% confidence intervals. Colored points represent data points. bg = Bulgarian, ca = Catalan, zh-CN
= simplified Chinese, zh-TW = traditional Chinese, hr = Croatian, cs = Czech, da = Danish, nl = Dutch, fi = Finnish, fr = French, ka
= Georgian, de = German, el = Greek, hu = Hungarian, it = Italian, ja = Japanese, ko = Korean, 1t = Lithuanian, mk = Macedonian, no
= Norwegian, fa = Persian, pl = Polish, pt-BR = Brazilian Portuguese, pt-PT = European Portuguese, ro = Romanian, ru = Russian, sr = Serbian, sk
= Slovak, sl = Slovenian, es = Spanish, sv = Swedish, tr = Turkish, uk = Ukrainian.
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3. Clarity and Readability: The translated statements should be clear, concise, and easy to understand. The language used should be
appropriate for the intended respondents, avoiding jargon, overly technical terms, or ambiguous phrasing.

Please note that the translations may be the same or similar. It is still important that you rate each of them."

The human raters then always saw one of the original English HEXACO items on top of the screen and were asked to rate the quality
of five translations presented under it: (1) the human translation, (2) the Google translation, and (3—5) three GTP 3.5 translations (all
five translations presented in random order). For the GPT translations, we selected the version with 0, 0.5, and 1 temperatures to allow
for the evaluation of the full range of temperature parameters while limiting participant fatigue. For each translated item, the par-
ticipants rated the quality from 1 (very low quality) to 7 (very high quality). In total, each participant rated the translations of 50 items
randomly selected from the HEXACO. They were blind to which type of translation was presented to them. This procedure resulted in a
sample size of 550 ratings for each of the five translations (2750 data points in total). As pre-registered, we applied Holm correction in
data analyses to prevent the inflation of Type 1 errors due to multiple comparisons.

Results
Differences in statistical similarity between machine learning approaches

The average on the Levenshtein similarity index was high across the different translation types (see Fig. 1). However, in multi-level
models using the Ime4 (Bates, 2010; Douglas et al., 2015), lmerTest (Kuznetsova et al., 2016), and emmeans (Lenth et al., 2019)
packages in R controlling for the target language, the Google translation showed a significantly larger similarity with the human
translation (M = 0.785, 95% CI [0.761, 0.810]) than the GPT translations at each temperature level (0.00: M = 0.766, 95% CI [0.741,
0.791]; 0.25: M = 0.765, 95% CI [0.741, 0.790]; 0.50: M = 0.765, 95% CI [0.740, 0.789]; 0.75: M = 0.763, 95% CI [0.739, 0.788];
1.00: M = 0.760, 95% CI [0.735, 0.784]; all ps <.001). Nevertheless, it is essential to note that these differences were minor, |dsn|
< 0.15 (as calculated with the EMAtools R package, v. 0.1.4; Kleiman, 2021). The GPT temperature groups did not differ significantly
from each other. However, the highest (i.e., 1.00) temperature group trended lower on the Levenshtein similarity index than the lowest
(i.e., 0.00) temperature group, p = .075.

The same pattern was observed for the Jaccard similarity index. The Google translation showed a significantly larger similarity with
the human translation (M = 0.411, 95% CI [0.369, 0.453]) than the GPT translations at each temperature level (0.00: M = 0.375, 95%
CI[0.333,0.417]; 0.25: M = 0.373, 95% CI [0.331, 0.415]; 0.50: M = 0.372, 95% CI [0.330, 0.414]; 0.75: M = 0.369, 95% CI [0.327,
0.411]; 1.00: M = 0.362, 95% CI [0.320, 0.404]; all ps <.001). Still, these differences were again small, |dsy,| < 0.15. The GPT
temperature groups did not differ significantly from each other, but the highest temperature group again trended lower than the lowest
temperature group, p = .067.

Treating the temperature variable as a continuous variable, a negative effect was observed of temperature on both the Levenshtein,
B = —-0.006, SE =0.002, t(16970) = —2.84, p = .005, d;;, = —0.04, and Jacard similarity indices, B = —0.012, SE = 0.004, t
(16970) = —2.88, p = .004, d;, = —0.04, in corresponding multi-level models. Thus, the similarity decreased as the temperate
parameter increased, but these effects were minimal.
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Differences in Statistical Similarity Between Languages

Next, we investigated differences in similarity scores between languages. As displayed in Figs. 1 and 2 (created with the ggplot2 and
tidyverse R packages; Wickham et al., 2019; Wickham et al., 2016), these differences were substantial. For example, machine-based
translations into European languages such as Swedish, Norwegian, Spanish, Portuguese, and German were the most similar to the
human translations, whereas the similarity of translations into languages such as Korean, Georgian, or Hungarian was the lowest.

To understand this variation better, we tested the influence of the language-level variables of genetic similarity (rescaled to a 0-1
scale to avoid inflated variances) and language corpus size in multi-level models (controlling for nesting in languages and in types of
translations, i.e., Google and the five GPT different temperature variants) with the Jaccard and Levenshtein similarities as dependent
variables. The genetic similarity between English (the source language of the HEXACO) and the target language strongly and positively
predicted the Levenshtein, B = 0.157, SE = 0.037, t(30) = 4.29, p < .001, d,;;, = 1.56, and Jaccard similarities, B = 0.309, SE = 0.055,
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t(30) = 5.66, p < .001, d.;,, = 2.06. For none of the similarity indices, the size of the language corpus had an effect, ps > .225. To
visualize these differences, we aggregated the data to the language level. Here, the genetic similarity was strongly and positively
correlated with the Levenshtein, r(31) = .616, p < .001, and Jaccard similarity sores, r(31) = .714, p < .001, see Fig. 3. The language
corpus variable was unrelated to the similarity scores at the aggregate level, ps > .290, mirroring the multi-level results.

We also tested whether the temperature settings for the GPT translations would influence the similarity scores. However, as
visualized in Fig. 4, the similarity scores were generally very similar in each language. Yet, a slight reduction may be observed in some
languages at the highest temperature level.

Human Quality Ratings

Finally, we tested whether the sample of social scientists would rate the quality of human and machine translations differently. In a
multi-level model controlling for the clustering of responses within participants and items, the human translation was rated as being of
higher quality than the Google translation, B = 0.644, SE = 0.191, t(44.8) = 3.37, p = .014, d;, = 0.57, and the GPT 3.5 translations
with medium (0.50) temperature, B = 0.569, SE = 0.175, t(30.4) = 3.26, p = .022, d;; = 0.51, and high (1.00) temperature, B
=0.591, SE = 0.171, t(36.2) = 3.46, p = .014, d,,,, = 0.53, see Fig. 5. However, the human translation did not significantly differ from
the GPT 3.5 translation with the lowest (0.00) temperature, B = 0.431, SE = 0.157, t(27.0) = 2.75, p = .073, d;,, = 0.38, although this
small difference trended in favor of the human translation. The GPT translations did not differ significantly, ps > .790.

Discussion

Social scientists interested in comparative research across cultures and contexts regularly face the challenge of accurately trans-
lating surveys into a set of target languages. As this process is time and resource-intensive, utilizing Al in the translation process may be
a viable option. However, the use of Al for this purpose has also been met with resistance due to its potential linguistic inaccuracy
(Groves & Mundt, 2015; Lear et al., 2016). Alleviating some of these concerns, our results demonstrate that Al-generated translations
can already today achieve a quality approaching that of human translations. Moreover, as the existing language models rapidly evolve
and new versions are released frequently, the small quality gap observed in the present study will likely narrow, if not disappear, in the
future. However, at least for now, researchers should be aware of several factors that influence the quality of the translations.

The statistical convergence between human and machine translations seems to depend strongly on the genetic similarities between
the source language (in this case, English) and the target language. In the present study, machine translations from English into other
European languages showed the highest statistical convergence with human translations. Arguably, such genetic similarity in lan-
guages’ vocabulary, grammatical structure, and cultural content allows for more direct machine translations, leading to higher
convergence with human translations. Thus, from a practical perspective, more involvement of humans in the translation process will
likely be necessary for target languages with less similarity to the source language. However, as language models evolve, the
importance of language similarity will likely decrease.

The human quality ratings suggested that human translations still have an advantage over machine translations, although this
advantage was relatively small, depending on the translation method. Here, the temperature settings of the GPT 3.5 model seemed to
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matter. When the model was instructed to translate text from English into the target language stringently with little degrees of freedom
(i.e., as reflected in the temperature setting of 0), the difference between quality ratings of the human and machine translations did not
reach significance. This finding suggests that low temperature settings can be advantageous in machine-supported survey translation.
Still, given our focus on one language for these analyses, more research is needed to elucidate how temperature settings influence
translation quality in different target languages that vary in their similarity to the source language. We aimed to give a glimpse into the
potential of machine translation in the social sciences, and we, therefore, selected a language with high statistical convergence.
However, we acknowledge the need to validate translations into other languages with human raters.

Whereas the present research provided novel insights into the viability of Al in the translation of cross-cultural research materials, it
should be seen as a first step considering several limitations. We compared the machine-generated translations to the validated human
translations of the HEXACO (Lee & Ashton, 2004), assuming that the latter can be considered high quality. However, translating
between languages from different language families can make translations that are both direct (i.e., closely following the structure,
wording, or literal meaning of the source text) and natural-sounding (i.e., conveying language fluently and idiomatically in the target
language) difficult. In such cases, different translations may reproduce the original text’s meaning with similar accuracy, even if they
show varying degrees of similarity when compared with the human translation. We acknowledge that while the HEXACO has been
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extensively researched across various cultures, it is imperative for future studies to validate our findings using other instruments that
are at the core of intercultural and cross-cultural research. Suitable instruments include the social value scales (Schwartz, 1992), the
tightness-looseness scale (Gelfand et al., 2011), and the relational mobility scale (Thomson et al., 2018). These tools have validated
translations in numerous target languages and often achieve high levels of measurement invariance, making them suitable candidates
for such investigative efforts.

Our study is not well-positioned to quantify how well the language models by Google or OpenAl intrinsically translate text into
different languages. We found the genetic similarity between the source and target languages to predict the convergence of human and
machine translations strongly. Future research is needed to establish whether model- and other language-specific factors can account
for the variance unexplained by the genetic similarity of the included languages.

Recommendations

Based on the empirical insights and considering accelerating technological developments that will improve the accuracy of ma-
chine translations, we conclude with recommendations for researchers who want to utilize Al technology when translating materials
into one or several languages for cross-cultural or intercultural purposes. We propose a framework that identifies translation methods
based on the machine translation quality (see Fig. 6). Specifically, we suggest four alternatives to standard human forward-back
translation:

1. Machine Translation + Human Quality Check: This method involves using machine translation to unidirectionally convert the
survey materials into the target language, followed by bilingual researchers who assess the translation’s accuracy and make
necessary adjustments by comparing the source to the target versions. The researchers may also consult a chatbot for assistance
during the process. This approach relies on the machine generating high-quality translations and is the most resource and time-
effective among the options. Currently, it may be best suited for translations between source and target languages with high ge-
netic similarity.

2. Forward-Back Machine Translation + Human Quality Check: In this approach, the forward translation into the target language
is performed by one machine translation application, while a different application (based on a different language model) handles
the back-translation. Bilingual researchers then compare and adjust the translations, potentially consulting a chatbot.

3. Forward-Translation by Machine, Back-Translation by Human: The machine handles the forward translation into the target
language, and humans perform the back translation. Bilingual researchers compare the translations and make adjustments,
potentially consulting a chatbot.

4. Forward-Translation by Human, Back-Translation by Machine: In this approach, humans conduct the forward translation, and
the machine performs the back translation. Bilingual researchers then compare and adjust the translations, potentially consulting a
chatbot. This method can be adopted when the translation quality from the machine does not reach the level needed for the
previous options.

In cases where these four methods are not viable, possibly due to only medium-quality machine translations and/or low genetic
similarity between the languages, we still recommend that researchers use AI during the translation process where possible to reduce
the time intensity of the task. Many language models can produce at least acceptable translations into most modern languages. Thus,
researchers may utilize the support of Al even if its translation quality does not reach standalone quality. For instance, the machine can
generate a preliminary translation, which researchers use as a rough basis for their forward translation. Other researchers handle the
back translation, potentially also supported by Al The researchers then compare and adjust the translations.

It is important to note that the proposed framework needs to be empirically validated. Our analyses suggest that the most time- and
resource-effective options might, at the moment, be most viable for target languages genetically similar to the source language. To put
it another way, the best approach might not be dependent on particular languages, but rather on how closely the source and target
languages resemble each other. Nonetheless, additional studies are required to confirm this notion, as certain linguistic features
intrinsic to specific languages and language families might pose greater challenges for Al to emulate than others. Moreover, trans-
lations into isolated languages (i.e., languages with little to no genetic similarity with other languages) might pose challenges that need
to be investigated. Therefore, we encourage researchers to empirically compare the translation results of the different methods in
different languages to identify their benefits and boundary conditions. Future studies could help pinpoint specific thresholds in ma-
chine translation accuracy. This information could guide decisions about which proposed option is best suited for a particular scenario.
However, as the translation accuracy of machines will only improve in the future, we are confident that an increasing number of
researchers will gravitate toward the least resource- and time-intensive translation options in our framework that involve machine
translations to a large extent.

Declaration of Generative Al and Al-assisted technologies in the writing process
During the preparation of this work, the authors used GPT 4.0 in order to optimize the writing process, with a main focus of refining

the manuscript’s language. After using this tool, the authors reviewed and edited the content as needed and take full responsibility for
the content of the publication.
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