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KEYWORDS Abstract With the implementation of the “rural revitalization” strategy, many traditional
Subjective villages face the challenges of renewal and revitalization. A scientific and effective
evaluation; understanding of these renovation strategies is crucial in the renewal design process. This
Eye tracking; study integrates eye-tracking technology and subjective evaluation methods to construct
Traditional villages; a research framework for assessing cognitive preferences regarding architectural renovation
Renovation strategies in traditional villages. Three villages in Nanjing, Jiangsu Province,
strategies; China—She Village, Lixiang Village, and Sujia Ideal Village—were selected as case studies.
Cognitive Subjective evaluation scores were obtained using a semantic differentiation (SD)
preferences; questionnaire, and the weights of various evaluation dimensions were determined based
Ergonomic analysis on the analytic hierarchy process (AHP). Eye-tracking experiments recorded subjects’

observation processes of different remodeling spaces, producing focus heatmaps, areas of in-
terest (AOl) maps, and corresponding eye movement data. The comprehensive analysis
of these two aspects provides a more thorough understanding and evaluation of renovation
strategies in traditional villages: (1) In architectural renovation, the most effective
strategies are ranked as follows: block addition, facade renovation, juxtaposition of old
and new, and overall reshaping. (2) The metrics of richness and recognizability show
significant correlations with eye-tracking data, suggesting their importance in comprehensive
analysis. (3) Both high and low subjective evaluation scores attract attention,
indicating the need to integrate subjective evaluation results with eye-tracking data for
accurate judgment.
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1. Introduction

Traditional villages are a significant embodiment of tradi-
tional Chinese architectural culture, representing thou-
sands of years of wisdom and ingenuity in the establishment
of human settlements. In China, there are still many well-
preserved traditional villages, many of which are actively
inhabited (Zhang et al., 2017). To enhance the preservation
of these villages, the Ministry of Housing and Urban—-Rural
Development of the People’s Republic of China and the
National Cultural Heritage Administration have collabo-
rated to select seven batches of Chinese Famous Historical
and Cultural Villages. These selections prioritize villages
with abundant preserved cultural relics, substantial his-
torical or commemorative value, and the ability to
authentically show traditional style and local ethnic char-
acteristics  (Ministry of Housing and Urban-Rural
Development of the People’s Republic of China & National
Cultural Heritage Administration, 2019). Additionally,
since 2012, several Chinese government departments have
jointly conducted a survey of traditional villages, resulting
in the announcement of six batches of Chinese traditional
villages. In total, more than 6000 villages were identified
and selected, with 1336 villages included in the sixth batch
(Ministry of Housing and Urban-Rural Development of the
People’s Republic of China, 2023). Although the conserva-
tion of traditional villages is receiving increasing attention,
China’s four-decade-long reform and opening up process
has accelerated urbanization, leading to the continuous
reconstruction of the rural-urban dualistic structure. The
ongoing "rural revitalization" strategy has increased the risk
of improving the rural environment. It is essential to focus
on and explore how these remaining traditional villages can
be reasonably transformed and rejuvenated during the
process of rural construction and revitalization.

Currently, the renewal of traditional villages in the
context of China’s rural revitalization is carried out pri-
marily by local governments. These governments engage
professional planners and architects to propose locally
adapted strategies for renewal and renovation, taking into
consideration the specific conditions and historical-cultural
heritage of the villages. Broadly speaking, these strategies
can be categorized into two types. The first type aims to
maintain the original appearance of the villages by carrying
out gradual and patchy micro renewal, with minimal in-
terventions. On the other hand, the second type involves
the use of contemporary building materials to a greater
extent to thoroughly renovate and remodel village public
spaces and residential buildings to meet the demands of
modern life. These two strategies, however, present a
contradiction. Therefore, conducting research on the
cognitive and preference aspects of traditional village
building renovation strategies from a more scientific
standpoint plays a crucial role in guiding the design and
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implementation of renewal and renovation projects in
traditional villages.

2. Literature review

There have been numerous previous studies on the archi-
tectural remodeling of traditional villages (Table 1). For
instance, there have been studies on the transformation
design strategy of traditional villages from the perspective
of enhancing physical performance at multiple scales (Li
et al., 2023). Other studies have focused on logical space
restoration and the organic renewal of physical space in
traditional villages based on the theory of landscape ge-
netics (Li et al., 2024). Additionally, studies have explored
the mode of coevolution in village transformation (Tao and
Wang, 2014). Some studies have examined the protection
and regeneration of traditional villages, particularly those
with Ganlan buildings, from the viewpoint of self-
adaptation and topological relationships (Zhang et al.,
2022). Moreover, there have been studies on the trans-
formation method of traditional village buildings by reusing
old building materials (Li et al., 2012). Although these
studies cover a wide range of levels and are often combined
with actual transformation projects to examine specific
measures and strategies, they primarily adopt a subjective
perspective from designers and lack scientific rigor.
Consequently, they do not provide in-depth analysis or
comparisons of transformation strategies, making it chal-
lenging to offer effective references for future trans-
formation and renewal design. However, in recent years,
eye tracking technology has emerged as a potential solution
to address this limitation and has been adopted by disci-
plines within the built environment.

Eye tracking is a crucial technical method utilized in
human factor engineering. Its primary purpose is to monitor
and record the movement of an individual’s eyes as they
observe a specific area. By collecting data on eye move-
ment, this technique provides valuable multidimensional
indicators and allows for the selective study of subjects’
cognitive responses to elements within a spatial scene. This
analysis can be combined with picture partitioning tech-
niques to decipher the correlation between spatial ele-
ments and subjective cognition. Originally employed in
interaction design fields such as web and product design
(Behe et al., 2015; De Smet et al., 2014), eye tracking
technology has gained prominence for its ability to explore
human cognitive responses in built environments. Land-
scape architecture researchers were among the first to
utilize this technique, particularly in the evaluation of
urban green spaces and forest landscapes (Amati et al.,
2018; DuPont et al., 2014; Franék et al., 2019; Liu et al.,
2019, 2020; Zhang et al., 2019).

Research on the evaluation of architectural space or
built space using eye tracking technology can be
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Table 1  Previous studies on the architectural remodeling of traditional villages.

Previous studies Research object Research perspective Disadvantages

Li et al. (2023) Transformation design strategy =~ Multi scale physical 1. They primarily adopt a sub-
of traditional villages performance improvement jective perspective from

Li et al. (2024) Logical space restoration and Theory of landscape genetics designers and lack scientific

Tao and Wang (2014)
Zhang et al. (2022)

Li et al. (2012)

the organic renewal of physical
space in traditional villages
Village transformation mode
Protection and regeneration of
traditional villages with Ganlan
buildings

Transformation method of

Mode of coevolution
Self-adaptation and topological
relationships

Reusing old building materials

rigor.

2. They do not provide in-
depth analysis or
comparisons of
transformation strategies,
making it challenging to
offer effective references

traditional village buildings

for future transformation
and renewal design.

categorized into two main types, forward evaluation and
reverse decision making, based on differences in research
paradigms. In the first category, research focuses on sum-
marizing perceptual regularities, identifying spatial fea-
tures, discovering visual preferences, and evaluating
spatial qualities of built environments. This research is
often integrated with subjective questionnaires, correla-
tion analysis, and other methods. Examples of studies using
eye tracking technology include exploring cognitive re-
sponses to build environments (Hollander et al., 2019),
evaluating cultural landscape restoration designs (Lin
et al., 2021), evaluating public spaces in traditional vil-
lages (Xing and Leng, 2024), studying observational be-
haviors at world heritage sites in Prague (Liu et al., 2022),
and analyzing the visual effects of traditional commercial
districts and proposing optimization design strategies (Li
et al., 2021). In contrast, the second category of studies
mainly enhances the design process through eye tracking
experiments. These experiments provide evidence-based
design decisions for the selection of the design proposal’s
form and the determination of relevant parameters based
on the perspective of human factor analysis. Examples of
studies in this category include examining the visual impact
of window features on the image of a detached house
facade (Cho, 2016); evidence-based design reasoning based
on eye movement analysis of parameters such as azimuth
and pickup position for the ski jump in the Beijing Winter
Olympic Games (T. Zhang et al., 2022); evidence-based
design studies on elements of city streets such as store-
front signboards and green spaces (Chen, 2023); compari-
son and analysis of emotional and visual perception data for
outdoor spaces on university campuses based on spatial
roaming in virtual reality (Pei et al., 2023); and comparisons
of different design processes at three levels: aesthetics,
gaze tracking, and perceptual validity (Chi et al., 2022).
Based on the above review, it is evident that eye tracking
technology plays a significant role in the field of built
environment research. Through targeted experiments, it is
possible to determine cognitive preferences for specific
spaces and design strategies, thus providing scientific and
comprehensive references for design decisions.

This article utilizes a combination of subjective evalua-
tion and eye tracking to investigate the cognitive
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preferences and evaluations of architectural renovation
strategies for traditional villages. Three traditional villages
with varying degrees of remodeling were selected as study
cases. This study combines qualitative and quantitative an-
alyses through a comprehensive analysis of subjective
questionnaire evaluation and objective eye-tracking exper-
iment to explore different building renovation strategies,
attempting to better feedback the research conclusions to
the future process of updating and renovating traditional
village buildings. The main research objectives are as
follows:

(1) Obtain the results of participants’ subjective evalu-
ation of traditional village building renovation stra-
tegies as well as the results of their eye-movement
behaviors in observing the renovation scenarios.

(2) Explore the correlation between the two results.

(3) Propose strategies regarding the renewal and reno-
vation of traditional village buildings.

3. Methodology

3.1. Research framework

The research framework of this article consists of two
main paths (Fig. 1): subjective evaluation and eye tracking
experiments. The subjective evaluation path calculates
weighted scores for each renovation scenario by deter-
mining the weighting coefficients of five indicators. For the
eye tracking experiment, seven specific eye movement
indicators were selected, and the results were analyzed.
The correlation between the results from these two as-
pects is then examined, leading to a comprehensive
discussion.

3.2. Research materials

3.2.1. Case selection

For this study, three traditional villages in the suburbs of
Nanjing, Jiangsu Province, China, were chosen as case
studies. These villages are She Village and Sujia Ideal
Village in Jiangning District and Lixiang Village in Lishui
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[ Background & Literature Review ]
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B Subjective Evaluation Eye-tracking Experiment Total Fixation Duration (TED)
Coordination
Average Fixation Duration (AFD)
Aesthetics Fixation Count (FC)
Integration Weight Coefficient Eye-tracking Indicators Time to First Fixation (TFF)
Richness Saccade Count (SC)
. . Average Saccades Amplitude (ASA)
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[ Correlation Analysis & Comprehensive Discussion ]
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Fig. 1 Research framework diagram.

Fig. 2 Location and aerial photographs of the three traditional villages in the case study. Source: Jiangsu Provincial Standard Map
Service, revised by the authors.
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District (Fig. 2). She Village primarily consists of villagers
who self-build and remodel, resulting in a low degree of
remodeling. Lixiang village has been remodeled by planners
and architects, showing a moderate degree of intervention.
Sujia Ideal Village, on the other hand, has been remodeled
by planners and architects with a completely "anti-client”
approach, resulting in a high degree of remodeling. By
selecting villages with different degrees and levels of
renewal and renovation, a comparative study of renovation
strategies can be conducted.

3.2.2. Evaluation materials

From the extensive collection of photographs taken during
on-site research, a careful selection process was employed
to choose the images that best exemplify architectural
remodeling. Eight photographs were chosen for each village
and underwent appropriate processing and adjustments to
ensure consistent saturation and scale size. These 24
photos were then categorized based on different trans-
formation strategies, specifically, the juxtaposition of old
and new, overall reshaping, block addition, and facade
renovation (Fig. 3). L, J, and S represent the three villages,
L1-L8 represent the scenes in Lixiang Village, J1-J8 repre-
sent the scenes in Sujia Ideal Village, and 51—S8 represent
the scenes in She Village. Scenes that exhibited multiple
remodeling strategies were grouped according to the
category that best represented their predominant
approach.

These photographs served not only as subjective eval-
uation materials in the questionnaires but also as stimuli
for subsequent eye-tracking experiments. The rationale,
advantages, and drawbacks of using static photographs in
eye tracking experiments have been extensively discussed
and illustrated in previous study (Berni et al., 2022).
Although using static photographs in controlled laboratory
settings allows for better control over interfering factors
and ensures experiment quality, it inevitably sacrifices a
certain level of authenticity in representing the built
environment.

3.3. Subjective evaluation

3.3.1. Questionnaire based on the semantic
differentiation (SD) method

The subjective questionnaire was developed using the SD
method. This method employs a verbal scale to psycho-
metrically assess a person’s intuitive feelings. Different
indicators are established, and respondents are requested
to rate these indicators. The current subjective question-
naire employs a five-point scale with assigned scores of —2,
—1, 0, 1, and 2 to facilitate quantitative data collection for
subjective evaluation from the participants’ perspective.
Drawing on the distinctive characteristics of building ren-
ovations and in consultation with prior studies on building
renovations in traditional villages, as discussed in Section 2,
the following five indicators were defined:

(1) The degree of coordination between the remodeled
building and the surrounding environment (referred
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to as "coordination”); (2) the degree of aesthetics of
the remodeled building (referred to as "aesthetics");
(3) the degree of integration between the old and
new materials of the remodeled building (referred
to as "integration"); (4) the degree of richness of the
appearance of the remodeled building (referred to
as "richness”); and (5) the degree of recognizability
of the image of the remodeled building (referred to
as "recognizability”). Upon completion of the sub-
jective questionnaire, the analytic hierarchy process
(AHP) was employed to determine the weights
assigned to each of the five evaluation indicators.
This allowed for the calculation of composite scores
for each remodeling scenario and subsequent
ranking.

A total of 100 questionnaire responses were received
from university students and practitioners in the archi-
tecture, planning, and landscape fields. Participants
were specifically chosen for their professional perspec-
tive on the architectural transformation of traditional
villages, which involves cognitive preferences for trans-
formation strategies. As such, the study did not include
subjective perceptions from other professional back-
grounds, nor did it intend to compare cognitive differ-
ences between built environment professionals and
others. Consequently, the questionnaire indicators and
questions used more specialized terminology to facilitate
the exploration of conclusions relevant to design
strategies.

3.3.2. Indicator weights based on the AHP

In subjective evaluation processes with multiple indicators,
the weight coefficient assigned to each indicator plays a
crucial role in influencing the final evaluation results. The
AHP is a comprehensive decision-making method that con-
siders both qualitative and quantitative analysis, enabling a
scientific and unified judgment of the research object (Lin
et al., 2022). The use of AHP is more reasonable and
more scientifically sound than previous methods that rely
on simple average values.

(1) Constructing a judgment matrix

To employ AHP for judgments, a hierarchical model is
first constructed to organize the five selected indicators.
Each indicator is compared with the others and assigned a
value. A value of 1 indicates equal importance between two
indicators, while a larger assigned value indicates greater
importance. This process typically involves assessments by
relevant professionals in the field. By conducting appro-
priate comparisons and judgments, a judgment matrix, as
shown in Table 2, can be derived.

(2) Calculating weighting factors

The values of each judgment are first normalized by
column:
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Juxtaposition of old and new

Fig. 3  Classification of evaluation materials.
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Table 2 Judgment matrix for evaluation indicators.

Indicator Coordination Aesthetics Integration Richness Recognizability
Coordination 1 4 7 5 3

Aesthetics 1/4 1 3 2 1/3

Integration 1/7 1/3 1 1/2 1/5

Richness 1/5 1/2 2 1 1/3
Recognizability 1/3 3 5 3 1

dj; H:=0.104+0.057 +0.111 + 0.087 + 0.068 =0.427;
Hj == !
> i=xdij

i = x(coordination), m(aesthetics), r(integration), f(rich-
ness), k(recognizability);
j = x(coordination), m(aesthetics), r(integration), f(rich-
ness), k(recognizability).

Then, the normalization of the first column is calculated
as:

1

o =G t/a 7154173 021
Ham =5 +1/4+1};11/5+1/3)=0‘130;
e =7 1/4+1%7+1/5+ 173) 0074
AT +1/4+1%i1/5+1/3):0'104;
Huw = 1/3 =0.173.

(14+1/4+1/7+1/5+1/3)
By analogy, the judgment matrix can be obtained as:
0.519 0.453 0.389 0.435 0.616
0.130 0.113 0.167 0.174 0.069
H= 0.074 0.037 0.055 0.043 0.041

0.104 0.057 0.111 0.087 0.068

0.173 0.340 0.278 0.261 0.206

The matrices are then summed into rows:

Hy = i H

The following calculations can be made:

H; = 0.5194+0.453 4+ 0.389 +0.435+0.616=2.412;
H7=0.130+0.11340.167 4+ 0.174 4 0.069=0.652;

H; =0.074 +0.037 +0.055 +0.043 + 0.041=0.252,;

H;=0.173+0.340+0.278 +0.261 +0.206 =1.257.

From this, it is possible to compute the weight vector:

Hy= e
DY H
The calculations are as follows:
H, = 2412 =0.482;

* 7 (24121 0.652 + 0.252 1 0.427 + 1.257)

0.652

Hn = 2125065270252 0427 1257 O30
Hr=gaizr0652+ gé:i 0471257 O0h
M= a2 0652+ 8:‘2%; 0427+ 1.257) O08%
Hy = 1.257 =0.251.

(2.412 4+ 0.652 + 0.252 + 0.427 + 1.257)
Eventually, the following can be obtained:
0.482
0.131
H= 0.051

0.085

0.251

These are the weighting factors for each of the five
indicators.

(3) Consistency test

Calculate the largest characteristic root of the judgment
matrix:

Amax =—

n
1 O (AH), {2 Gt
n H;

1 iz
J—_ E =X
n4= Hj
j=x

= U
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2.541
0.482
1,000 4.000 7.000 5.000 3.000
0.131 0.658
0.250 1.000 3.000 2.000 0.333
AH=| 0143 0333 1.000 0.500 0.200 | x | 0.051 | = | 0.256
0200 0500 2.000 1.000 0.333
0.085 0433
0.333 3.000 5.000 3.000 1.000
0.251
1315

1 (2.541 0.658 0.256 0433 1.315

Amax =5\ 0482 T0.131 T 0.051 ' 0.085 0.251) =>5.129.

The consistency indicator CR is calculated as follows:

Cl
CR_W’
CI:Amaxfn

n—-1"~

The following calculations can be made:

_5129-5

cl 5-1

=0.03225.
The RI was obtained from the table and was taken as
1.12 when using the five-class subanalysis.

~0.03225

CR 1.12

=0.029.

Since CR < 0.1 and is positive, the matrix can be judged
to be consistent, i.e., satisfactorily consistent; therefore,
the calculated weighting factors meet the requirements.

(4) Derivation of weighting factors
In summary, coordination had the highest weighting at

0.482, followed by recognizability at 0.251, aesthetics at
0.131, richness at 0.085, and integration at 0.051.

3.4. Eye-tracking experiment

3.4.1. Experimental equipment and software platforms
The equipment used in this experiment was a Tobii Glasses
2 Eye Tracker (Kingfar Technology Co., Ltd., Beijing, China)
with a sampling frequency of 100 Hz. The real-time
recording software for the experiment was a Tobii Pro
Glasses Controller, and the data analysis software used was
the Tobii Pro Lab. The reason for choosing this device is that
it is a wearable eye tracker with minimal interference to
the subjects. In addition, the accompanying real-time
recording software of the device can achieve complete
and uninterrupted recording throughout the entire process,
with a high sampling rate.

3.4.2. Subjects

There were a total of 20 participants, and the number
of participants in the experiment did not match the
number in the previous subjective questionnaire, consid-
ering the long duration of the eye tracking experiment
and the cumbersome organizational process. However, in
line with the subjective questionnaire, the subjects of the
eye-tracking experiment were all university students and
practitioners of architecture, planning and landscape and
were not from the public of other professions.

3.4.3. Experimental procedures

This eye tracking experiment was conducted in the Human
Factors Laboratory of the School of Architecture, Southeast
University. The experimental materials were the 24 scene im-
ages, each of which was played for 7 s with a 3-s interval in
between. Each subject participated in the experiment for
approximately 10 min. The specific process is as follows (Fig. 4):

(1) Subjects were given an overview of the experiment
and the precautions to be taken and were asked to
sign an informed consent form;

(2) Subjects were guided to put on the eye tracker and
perform the calibration;

(3) After successful calibration, the subjects were
instructed to sit quietly for 2 min to relax and adapt
to the laboratory environment;

(4) The experimental materials were played, and eye
movement data were recorded throughout the
experiment;

Preparation Eye-tracking experiment Ending
Introduce the
overview and pre- . . Participants were
cautions of this Participants wear Pellr:;cuf)antzs sit View scene Blank Blank View scene asked for their
experiment to the | | the eye tracker and qulel Y ord ?m image 1 image 24 thoughts and opin-
participants, and perform the cali- to reha)i abn adapt ions about the ex-
ask them to sign bration. to the laboratory 7s 3s 3s 7s periment
an informed con- environment, ’
sent form.
! | | | | |
! R 1 f - 1 I - !
5 min 4 min 1 min

Fig. 4

Experimental procedures.
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(5) At the end of the experiment, the subjects were asked
for their thoughts and opinions about the experiment,
and then, they were dismissed from the laboratory.

3.4.4. Selection of eye-tracking metrics

Attention is a selective process due to the limited capacity
of humans to process visual information (Carrasco, 2011; de
la Fuente Suarez, 2020). Eye movement behavior is
composed of two independent processes: fixation and
saccade (Blascheck et al., 2017; Lisinska-Kusnierz and Krupa,
2020). For this experimental study, four fixation indicators
and three saccade indicators were selected, and their spe-
cific meanings are illustrated in Table 3.

3.5. Correlation analysis

After conducting the two parts of the experiment, the results
were analyzed for correlation. Pearson’s coefficient was used
tomeasure the correlation between the variables represented
as r. A positive correlation indicates a positive relationship
between the variables, while a negative correlation indicates
a negative relationship. Correlation coefficients between 0.8
< |r| < 1.0were considered highly correlated, those between
0.3 < |r| < 0.8 were considered moderately correlated, and
those between |r| < 0.3 were considered weakly correlated.
Correlation analysis was performed using SPSS software.

4, Results
4.1. Results of subjective evaluation

4.1.1. Overall evaluation results
A total of 100 questionnaires were collected, and the
average scores of the 24 scene images were calculated

Table 3

under the five evaluation indicators. The weighted scores of
each scene were then determined based on the weighting
coefficients (Weighted score = Coordination
score x 0.482 + Aesthetics score x 0.131 + Integration
score x 0.051 + Richness score x 0.085 + Recognizability
score x 0.251), representing the subjective evaluation
score of each scene (Table A.1 in Appendix A). The 24 scene
images were arranged according to their weighted scores to
obtain Fig. 5. From the figure, the following observations
can be made: All 24 scenario images received positive
weighted scores, indicating that respondents were gener-
ally satisfied with the architectural renovation of all three
villages. However, there were significant differences in the
evaluation scores of the three villages. She Village received
lower overall scores, with more scenes falling within the
lower score range. Lixiang Village had scenes mostly in the
upper middle range but also included scenes with the sec-
ond and third lowest scores (L7 and L4). Sujia Ideal Village
had a polarized layout, with its lowest-scoring scene (J2)
being among the bottom seven of all 24 scene images but
also with a higher overall rating.

However, based on the data presented in Fig. 5, accu-
rately determining which village, Lixiang Village or Sujia
Ideal Village, has a higher subjective evaluation score for
remodeling remains challenging. The 24 scene pictures
were categorized according to the three villages, and the
average value calculation was performed. Subsequently,
the final weighted total score was obtained by considering
the five evaluation indicators and their respective weight-
ing coefficients, as shown in Table 4. These results were
then plotted as a line graph (Fig. 6).

By combining the information from Table 4 and
Fig. 6, the following tentative conclusions can be drawn:
1) Sujia Ideal Village had the highest final weighted
score, followed by Lixiang Village, and She Village

Selected eye tracking indicators (Holmqvist et al., 2022; Li et al., 2022).

Name of indicator

Abbreviation

Meaning

Fixation indicators  Total fixation duration TFD
Average fixation duration AFD
Fixation count FC
Time to first fixation TFF

Saccade indicators = Saccade count SC

Average saccades amplitude  ASA

Average pupil diameter APD

The larger the value of this indicator, the more attention
the subject pays to the area.

The larger the value of this indicator, the more difficult
it is for the subject to recognize and read the image
information in that region.

More FC indicates that the subject is more interested in
the region.

This indicator shows the time it takes for the eye to
move from the beginning of its movement to the first
time it gazes at an area; the shorter the value, the easier
it is for the elements in the area to be noticed.

This indicator shows the number of eye movements
made by the subject between gazes, and the greater the
value, the greater the recognition effort expended by
the subject on the elements of the region, i.e., the more
the eye recognizes and processes the region.

This indicator shows the average distance between
saccades, with smaller values representing more distinct
image features.

This indicator reflects the degree of interest shown by
the subject in the visual stimuli received, with larger
values indicating greater interest.
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040 -

020
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Fig. 5

had the lowest score. The weighted scores of the three
villages appeared in an almost equal series of rows.
2) She Village had the lowest scores for all indicators
among the three villages. 3) Compared with She
Village, Lixiang Village scored lower in terms of coordina-
tion and aesthetics but scored the highest in
recognizability among the three villages. 4) Sujia Ideal
Village had higher scores for most indicators than did
Lixiang Village, except for recognizability, which was
slightly lower. The other four indicators were significantly
greater for Sujia Ideal Village than for the other two vil-
lages. 5) Respondents rated the coordination of the three
villages the most, followed by aesthetics, integration, and
recognizability (which were almost equal), and richness
was rated the least.

4.1.2. Evaluation results of different renovation
strategies
The scoring results of the 24 scene pictures were catego-
rized and counted according to the four different types of
renovation strategies in Section 2.2.2 to obtain Table 5, and
the results were plotted as a line graph (Fig. 7).

Upon analyzing Table 5 and Fig. 7, the following tenta-
tive conclusions can be made: 1) The block addition

7 L5 13 6 S5 J6 J8 3 L 7

D She Village |:| Lixiang Village . Sujia Ideal Village

Ranking chart of subjective evaluation results.

strategy received the highest final weighted score, fol-
lowed by facade renovation, the juxtaposition of old and
new, and the overall reshaping strategy, which had the
lowest score. The score for overall reshaping was notably
lower than that for the other three strategies. 2) The de-
gree of coordination between the four strategies did not
significantly differ. 3) Overall reshaping had the lowest
aesthetic score, followed by the juxtaposition of old and
new, while the remaining two strategies had almost iden-
tical scores. 4) The block addition strategy had the highest
integration score, while the rankings for the other three
strategies showed an evenly distributed trend. 5) The
facade renovation strategy scored the highest in terms of
richness, with the rankings for the remaining three strate-
gies being evenly distributed. 6) Compared with the other
three strategies, overall reshaping had a significantly lower
recognizability score.

4.2. Results of eye tracking

4.2.1. Focus heat map

A focus heat map is an effective method for presenting eye
tracking results in a clear and concise manner. It utilizes
color shading to indicate the level of attention and fixation

Table 4 Overall subjective evaluation results for the three villages.

Village Coordination Aesthetics Integration Richness Recognizability Weighted score
She village 0.770 0.574 0.540 0.363 0.278 0.574
Lixiang village 0.781 0.575 0.615 0.459 0.930 0.756
Sujia Ideal village 1.001 0.850 0.841 0.659 0.896 0.918
Average value 0.851 0.666 0.665 0.494 0.701 0.749
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Fig. 6 Line graph of the overall subjective evaluation results of the three villages.
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Fig. 7 Line graph of subjective evaluation results for different renovation strategies.

Table 5

Subjective evaluation results of different renovation strategies.

Renovation strategy Coordination  Aesthetics Integration Richness Recognizability =~ Weighted score
Juxtaposition of old and new 0.745 0.625 0.618 0.600 0.903 0.750
Overall reshaping 0.792 0.448 0.467 0.170 0.127 0.510
Block addition 0.962 0.770 0.868 0.438 0.980 0.892
Facade renovation 0.865 0.773 0.686 0.724 0.823 0.821

received by different elements and areas in the scene.
Darker areas represent higher levels of attention from the
subjects (Bojko, 2009). Each focus heat map in this exper-
iment was generated by collecting eye movement fixation
data over a duration of 7s for each scene graph. The cali-
bration and computation were performed using the Tobii
Pro Lab (Fig. 8).

The figure clearly shows that the majority of the red and
orange dots are concentrated on the buildings and selected
structures that have undergone design and remodeling. This
finding suggested that these remodeling strategies

attracted significant attention from the subjects. However,
buildings and structures inherently occupy the central area
in these scene images and constitute a large portion of the
overall image. Therefore, it is challenging to determine the
exact extent to which the subjects’ attention was drawn to
these remodeling strategies. Consequently, a more
comprehensive depiction and analysis of the cognitive
preferences of the remodeling strategy is necessary,
incorporating precise calculations of areas of interest (AOI)
partitions and statistical analysis of relevant eye movement
indicators (Bojko, 2009).
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Juxtaposition of old and new
7

Fig. 8 Focus heat maps for 24 scenarios.

4.2.2. Results of AOIl-based eye tracking indicators et al., 2016). All calculation results for 24 scenarios are
Within the Tobii Pro Lab, the 24 picture materials used in detailed in Table A.2 in Appendix A.
the eye-tracking experiment underwent AOI partitioning to

focus on the buildings and a select number of structures for (1) AOl-based results for three villages
study. The eye tracking indices were then calculated for
each specific AOI partition, resulting in more accurate re- Based on the analysis of seven selected eye tracking in-

sults by eliminating irrelevant spatial elements (Hessels dicators, the results of the 24 pictures were tallied and
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Table 6 Results of AOI-based eye tracking indicators for three villages.
TFD AFD FC TFF SC ASA APD
/ms /ms /count /ms /count /degree /mm
She Village 3175.6 297.5 11.11 463.6 4.14 7.51 3.76
Lixiang Village 3549.1 251.3 14.41 403.9 5.69 7.43 3.85
Sujia Ideal Village 3340.3 246.5 13.73 253.3 5.11 7.12 3.76
Millisecond Count/Degree
4000
3500 mil
3000 | |
2500 18
16
2000 14
12
1500 10
1000 8
6
500 4
2
Y e ma Ol il olf
TFD AFD FC TFF SC ASA APD
[ ISheVillage [] Lixiang Village [ ] Sujia Ideal Village
Fig. 9 Bar chart of AOI-based eye tracking indicators results for three villages.
Table 7 Results of AOI-based eye tracking indicators for four renovation strategies.
TFD AFD FC TFF SC ASA APD
/ms /ms /count /milliseconds /count /degree /mm
Juxtaposition of old and new 3861.3 261.9 15.25 263.6 3.86 7.28 6.05
Overall reshaping 2723.6 296.4 8.90 825.1 3.61 7.89 3.18
Block addition 3699.1 250.1 15.37 180.9 3.89 7.36 6.15
Facade renovation 3317.2 254.4 13.43 234.4 3.81 6.98 4.91

calculated for the three villages, as shown in Table 6 and
Fig. 9. The following findings can be observed: 1) The trends
of the TFD and FC align, with the highest values found in
Lixiang village and the lowest in She village. This suggests
that participants were most interested in Lixiang village and
least interested in She village. 2) AFD, TFF, and ASA exhibit
similar trends, with She Village having the highest values.
This indicates that it is the most challenging for participants
to recognize and extract information from She Village, as it
lacks distinctive features. 3) Lixiang village has the highest
SC value, signifying that participants recognized and pro-
cessed it to the greatest extent. As a result, Lixiang Village
contains the richest image information. 4) The APD values do
not differ significantly among the three villages.

(2) AOI-based results for four renovation strategies

The results of the 24 pictures were categorized, counted,
and calculated according to the four different renovation
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strategies, yielding Table 7 and Fig. 10. The following ob-
servations can be made: 1) The trends of the TFD and FC are
relatively similar, with the highest values observed for the
juxtaposition of old and new strategies and the lowest for
overall reshaping. Therefore, participants showed the most
interest in scenarios incorporating the juxtaposition of old
and new, while demonstrating the least interest in overall
reshaping. 2) Overall reshaping has the highest AFD value,
indicating that it is the most difficult strategy to recognize
and comprehend. However, it also has the highest TFF and
ASA values, implying that it lacks distinctive image features
and is less likely to be noticed initially. Conversely, block
addition is the easiest to recognize and comprehend and is
immediately noticeable. Facade renovation stands out as
the strategy with the most obvious image features. 3) The
highest SC value is attributed to block addition, suggesting
that participants recognized and processed it to the great-
est degree. This indicates that block addition provides the
most informative image. 4) The trend for APD was more
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similar to that for TFD and FC, with overall reshaping
receiving the most attention from participants. However,
block addition had the highest APD, slightly deviating from
those of TFD and FC.

5. Discussion and renovation strategies

In this paper, subjective evaluation and eye-tracking ex-
periments were conducted to explore cognitive preferences
for building remodeling strategies in traditional villages.
The aim was to establish a connection between subjective
evaluation and eye-tracking data to enhance the accuracy
and scientific rigor of cognitive evaluation. Based on the
experimental analysis presented above, the following con-
clusions can be drawn:

(1) The results of the subjective evaluation indicate that
Sujia Ideal Village scored the highest, followed by
Lixiang Village, and She Village received the lowest
scores. In terms of the transformation strategies, the
block addition strategy received the highest score,
followed by facade renovation, and the juxtaposition
of old and new strategies ranked third. Overall
reshaping scored the lowest, and its scores were
significantly lower than those of the other three
strategies. In regard to specific evaluation criteria,
coordination received the highest rating from sub-
jects. Aesthetics, integration, and recognizability
were rated nearly equally, while richness received
the lowest rating.

(2) The eye-tracking experiment revealed that the sub-
jects paid the most attention to Lixiang village and
showed the least interest in She village. The subjects
found it difficult to recognize and extract information
from She Village due to its less obvious features. On
the other hand, the subjects exhibited a high degree
of recognition and information processing for Lixiang
village, which offered abundant image information.
In terms of the transformation strategies, subjects
paid the most attention to scenes featuring the
juxtaposition of old and new scenes while showing
the least interest in scenes depicting overall

Bar chart of AOI-based eye tracking indicators results for four renovation strategies.

reshaping. Overall, reshaping proved to be the most
challenging strategy to recognize and read informa-
tion, as its image features were the least obvious and
least likely to be noticed. Conversely, the block
addition strategy was the easiest for recognizing and
reading information, as was noticed first. The facade
renovation strategy stood out for its conspicuous
image features, while the block addition strategy
provided the most abundant image information.

The results from the subjective evaluation and eye
tracking experiment were analyzed and correlated, leading
to the findings presented in Table 8. The analysis revealed
strong significance in the indicators of richness and recog-
nizability, while the other indicators demonstrated average
significance. Richness exhibited moderate positive correla-
tions with TFD, FC, SC, and APD. This suggests that scenes
with richer transformations captured subjects’ attention for
longer durations and elicited a greater number of fixations
and saccades and a greater change in average pupil diameter.
These factors indicate a higher level of attention, interest,
and recognition of the scene. Similarly, recognizability
demonstrated a moderate positive correlation with the TFD,
FC, SC, and APD. However, it showed a negative correlation
with TFF, indicating that more recognizable scenes required
less time for the first fixation, implying that elements within
the scene were more easily noticed. Based on these findings,
future studies can focus on richness and recognizability as
subjective evaluation metrics, in conjunction with eye
tracking experiments, to comprehensively evaluate trans-
formation strategies and related elements.

TFD is a frequently and widely used indicator in eye
tracking analysis (Holmqvist et al., 2022; Li et al., 2022).
According to Table 7, the correlation between the weighted
scores of subjective evaluations and TFD is weak, at 0.147.
To further analyze this relationship, Fig. 11 plots the sub-
jective evaluation scores of the 24 scenes against the TFD
values. For most scenes, the correlation between the TFD
and weighted scores follows a similar trend, with a rela-
tively short connecting distance between the two metrics.
However, four scenarios (S8, L4, L5, and L7) deviate from
this trend and exhibit a slightly larger gap. Among them, S8
has the lowest weighted score and remains ranked lower

1030



Frontiers of Architectural Research 14 (2025) 1017—1034

Table 8 Correlation analysis between subjective evaluation results and eye tracking experimental data.
TFD AFD FC TFF SC ASA APD
Coordination Pearson correlation —0.233 —0.327 —0.119 0.145 —0.191 —0.289 0.018
Significance 0.273 0.119 0.581 0.499 0.372 0.171 0.934
Aesthetics Pearson correlation 0.069 —0.254 0.176 —0.131 0.046 —0.261 0.335
Significance 0.750 0.231 0.410 0.542 0.832 0.219 0.110
Integration Pearson correlation 0.066 —0.334 0.204 —0.121 0.101 —0.253 0.294
Significance 0.759 0.111 0.338 0.574 0.638 0.233 0.162
Richness Pearson correlation 0.476* —0.245 0.603** —0.403 0.518* 0.067 0.456"
Significance 0.019 0.249 0.002 0.051 0.009 0.755 0.025
Recognizability Pearson correlation 0.626** —0.300 0.793** —0.583* 0.618** —0.149 0.595**
Significance 0.001 0.154 0.001 0.003 0.001 0.487 0.002
Weighted score Pearson correlation 0.147 —0.387 0.313 —0.191 0.171 —0.277 0.342
Significance 0.493 0.062 0.136 0.373 0.423 0.190 0.102

* Significant correlation at level 0.05 (two-sided).
** Significant correlation at level 0.01 (two-sided).

among all 24 scenarios, despite the slightly larger gap be-
tween its TFD and evaluation scores. L4 and L7 have a
notable discrepancy between these two metrics, with low
subjective evaluation scores but not very low TFDs. On the
other hand, L5 has a high evaluation score but a low TFD.
These unique cases, differing from the majority of trends,
suggest that scenes with both high and low subjective
evaluation scores may attract attention. Additionally,
scenes with high scores may not necessarily have a high
TFD. Thus, a combination of subjective evaluation results
and eye tracking results is necessary for accurate
judgment.

Based on these findings, corresponding strategies can be
proposed for the renewal and renovation of traditional
village buildings:

TFD/Millisecond

(1) In the renovation of traditional village buildings, the

following strategies yield better results in the order
of priority: block addition, facade renovation,
juxtaposition of old and new buildings, and overall
reshaping. Therefore, depending on the specific sit-
uation, higher-ranked renovation strategies should be
given priority.

(2) According to the AHP, the weights of the five in-

dicators in the subjective evaluation are ranked as
follows: coordination (0.482), recognizability (0.251),
aesthetics (0.131), richness (0.085), and integration
(0.051). Therefore, during the remodeling and design
process, the focus should be on ensuring a coordi-
nated style between the remodeled building and the
surrounding environment, as well as creating a

Weighted Score
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Fig. 11 Comparison of TFD and subjective evaluation weighted scores.
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recognizable building image. The goal is to develop
an architectural image with a coordinated style and
distinctive features.

(3) According to the different methods of implementing
transformation in the three villages and their corre-
sponding overall scores, it is recommended that the
upper planning level coordinate and plan in a unified
manner during the process of traditional village
building renovation and renewal. The aim should be
to preserve traditional architectural heritage and
style as much as possible while achieving better re-
sults through moderate intervention and renovation.
Additionally, it is important to actively encourage
villagers to independently carry out small-scale
transformations and renewals of their own houses
while ensuring their overall style and tone.

The subjective evaluation based on questionnaire sur-
veys is a relatively traditional research method. For
example, some scholars have used subjective evaluation
questionnaires when conducting subjective experience and
visual attention research on historical buildings (De La
Fuente Suarez, 2020), and some scholars have also used
the subjective questionnaire survey method when con-
ducting research on urban landscape protection (Zhang
et al., 2019). However, in these studies, the subjective
evaluation part was not given much attention, and there
was no emphasis on the analysis of subjective questionnaire
settings, indicator selection, and subjective evaluation re-
sults. In this study, five typical indicators were selected,
and their respective weighting coefficients were deter-
mined using the AHP to calculate a more reasonable and
accurate weighted score. A detailed summary of the overall
evaluation results of the three villages, and the evaluation
results of the different transformation strategies was also
presented. In addition, although some scholars have used
both subjective evaluation and eye tracking methods to
study the characteristics of building facade elements (Berni
et al., 2022), and some scholars have used these two
methods to explore pre evaluation methods for experiential
architecture (Pei et al., 2023), they have not linked the
data of these two methods, nor compared their correlation.
This study focuses on comparing the correlation between
various data from two aspects, and conducts a detailed
analysis and comparison of two important indicators (sub-
jective evaluation weighted score and TFD). It is important
to note that this study does not advocate favoritism or
dependency on either set of results but rather analyzes and
discusses the results from both approaches together. This is
a key conclusion that this study aims to emphasize.

This study also has several limitations. (1) The subjects
of the subjective questionnaire survey and the eye tracking
experiment were primarily individuals with professional
backgrounds in architecture, resulting in a relatively ho-
mogeneous sample. In future research, it is necessary to
broaden the subject pool to include individuals from other
professions or the general public to improve the diversity
and size of the sample and enhance the generalizability of
the experiment and the study. Additionally, attention
should be given to gender differences among the subjects,
as research has shown that visual behavior characteristics
vary significantly between genders (Chen et al., 2022; De

Lucio et al., 1996). (2) This study utilized static scene
pictures as experimental stimulus materials. While this
approach has the advantage of minimizing interfering fac-
tors in a controlled laboratory setting, it cannot fully
replicate the experience of a real scene, and the quality of
the photos and shooting conditions can impact the experi-
mental results. Therefore, subsequent studies should
consider including an additional control group that con-
ducts experiments in real built environments.

6. Conclusion

Based on the comprehensive analysis and discussion pre-
sented above, several conclusions can be drawn from this
study. (1) In the context of traditional village building
renovation, the renovation strategies that yield better re-
sults are ranked as follows: block addition, facade reno-
vation, juxtaposition of old and new, and overall reshaping.
(2) There was a significant correlation between the evalu-
ation indices of richness and recognizability and the eye-
tracking data, suggesting that these aspects should be
prioritized for comprehensive analysis. (3) Scenes with high
subjective evaluation scores may attract subjects’ atten-
tion, but scenes with low scores may also capture their
interest. Therefore, synthesizing subjective evaluation re-
sults with eye tracking data can lead to more accurate and
comprehensive judgments.

In the current context of rural revitalization and con-
struction, this study holds great significance in promoting
the scientific and rational renovation and renewal of
traditional village buildings. By utilizing the AHP to deter-
mine the weights of subjective evaluation indicators and by
conducting an eye tracking experiment to gather subjects’
perceptual feedback on the renovation scene, the results
from these two approaches can be synthesized to study
cognitive preferences for different renovation strategies in
a more scientific and comprehensive manner. In addition,
incorporating personal perception and evaluation results of
the built environment into the research scope can provide a
more detailed and humane perspective for the renewal and
transformation of traditional villages.
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