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Abstract

Background and Objective: With the advancement of artificial intelligence
technologies in smart cars, the development of an instrument to assess driver—
vehicle cooperation appears increasingly necessary. This study was conducted
to determine the validity, reliability, and cultural adaptation of the Persian
version of the Human-Machine Interaction and Interdependence
Questionnaire for measuring the degree of interaction between drivers and
vehicles in Iran.

Materials and Methods: After obtaining permission from Mashhad University of
Medical Sciences, conceptual translation and examination of face and content
validity, repeatability, and internal consistency were evaluated by 30 experts.
Construct validity was subsequently assessed through confirmatory and
exploratory factor analyses conducted on data obtained from 312 Iranian
drivers.

Results: The final structure of the questionnaire was extracted as consisting of
28 items across seven primary dimensions with acceptable validity and
reliability (a=0.73 and 1CC=0.87). These dimensions were: Conflict, Power,
Mutual Dependence during decision-making, Mutual Dependence in the
decision outcome, Information Certainty: System to Human, Information
Certainty: Human to System, and Future Interdependence. The mean impact
score, content validity ratio (CVR), and content validity index (CVI) were 3.77,
0.88, and 0.95, respectively.

Conclusion: The Persian version of the Human-Machine Interaction and
Interdependence Questionnaire demonstrated acceptable validity and
reliability, and its multidimensional structure effectively reflects the
dimensions of the mutual interdependence theory. It indicates the developed
tool can serve as a valid instrument for assessing the interaction and
cooperation between drivers and smart vehicles in future studies.
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Extended Abstract

Background and Objective

Traffic accidents are major social problems,
especially in Iran. Deaths from these accidents
are both technical and social issues, mostly
linked to human factors. Ignoring limitations
such as driving skill, distraction, fatigue,
sensation seeking, and risk-taking causes over
one million deaths annually worldwide.

With advancing technology and integration of
intelligent systems, the study of smart vehicles
and human-vehicle interaction has become
increasingly important. Although autonomous
vehicles are used in some countries, there is still
no comprehensive theory or standardized tool
to evaluate driver—vehicle interaction in new
task allocation and environmental perception.
The Interdependence Theory, from social
psychology, explains cooperation and trust
through dimensions like power, conflict,
interdependence, future interdependence, and
information assurance. This framework seems
suitable for assessing collaboration between
drivers and smart cars.

Since no similar study existed in Iran, this
research aimed to assess the validity, reliability,
and cultural adaptation of the Persian version of
the Human-Machine Interaction and
Interdependence Questionnaire to measure
driver-vehicle cooperation.

Materials and Methods

This descriptive—analytical study focused on

validating and testing the reliability of the

questionnaire developed by Woide et al. (2021),

containing 33 items in seven dimensions. It was

translated into Persian and culturally adapted.

Validation included:

1. Qualitative face validity with 10 drivers to
check clarity and simplicity, followed by
revisions.

2. Quantitative face validity using the item
impact score with 30 participants.

3. Content validity through CVR and CVI was
evaluated by 30 experts in ergonomics and
traffic (CVR = 0.887, CVI = 0.955).

4. Reliability testing using a two-week test-
retest and Cronbach’s alpha on 30 drivers.

5. Construct validity using confirmatory and, if
needed, exploratory factor analyses.

Based on Kass et al., a minimum of 300 samples

was required for CFA; analyses were conducted

on 312 drivers. Model fit indices included y /df,

RMSEA, CFI, and TLI, based on accepted

reference thresholds. Data were analyzed with

SPSS and AMOS software.

Results

The mean age of participants was 34.83 + 12.74
years. Most were male (69.6%) and held a
bachelor’s degree (53.2%). Driving was the main
job for 54.5%, and most had a Level 3 license
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(44.2%). The majority used passenger cars
(92.6%), with 54.2% manual transmission. About
63.1% reported no accident history, and 59.6%
had no fines in the past vear.
In the first CFA, four items (2, 13, 14, 19) were
removed due to factor loadings below 0.4, and
item 21 was excluded after EFA. The final version
contained 28 items in seven dimensions:
Conflict, Power, Mutual Dependence during
decision-making, Mutual Dependence in the
decision outcome, Information Certainty:
System to Human, Information Certainty:
Human to System, and Future Interdependence.
Sampling adequacy and model fit were good
(KMO =0.847, Bartlett’s x =7188, p <0.001). Final
fit indices were x /df = 3.45, CFl = 0.906, TLI =
0.913, and RMSEA = 0.089, all within acceptable
limits. The Cronbach’s alpha was 0.73, indicating
good internal consistency.

Discussion

The Persian version of the Human-Machine
Interaction and Interdependence
Questionnaire showed a clear multidimensional
structure consistent with Interdependence
Theory after translation, localization, and
removal of weak items. Although some indices
(CFl and TLI) were slightly below standard in the
first CFA, exploratory analysis improved the
model. The final structure aligned conceptually
with international frameworks. Differences seen
in the Persian version, such as merging some
future interdependence dimensions, may result
from sample features or cultural differences in
understanding long-term relations. Removing
certain items due to low loadings or linguistic
mismatch also indicates that cultural adaptation
requires local adjustment. These findings agree
with  earlier studies on human-vehicle
interaction, emphasizing that “information
assurance” and “mutual interdependence”
enhance cooperation and transparency
between drivers and intelligent systems.

Conclusion

The Persian version of the Human-Machine
Interaction and Interdependence
Questionnaire showed strong validity and
reliability. Its  multidimensional  structure
reflected the main dimensions of the
Interdependence Theory. The adapted version
(28 items, 7 dimensions) can serve as a valid tool
for researchers and engineers to assess Iranian
drivers’ perceptions of situational dependence,
trust, and cooperation with smart vehicles.
Despite limitations such as a sample limited to
Iranian drivers and self-report data, this
questionnaire provides a foundation for future
cross-cultural and field studies aimed at
improving human-vehicle interaction and
transportation safety.
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