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The History and Current Status
of Vision Research at USTC

The history of vision research at USTC can be traced back to the last years
of the Cultural Revolution (1966 — 1976) when Mr. Deng Xiaoping started to
revive the economical, cultural and educational development in China in 1973.
Around that time, some Chinese universities started to recruit “worker,
farmer, and soldier” students. A few faculty members in the biophysics
section of the Physics Department at USTC started contemplating a long-term
research plan. Because the physiological mechanism of acupunctural
anesthesia was the only research topic allowed by the authorities, the
researchers began their first neurophysiological study on the specificity of
acupuncture points using an old vacuum tube EEG system.

To gain research experience in electrophysiological research, Shou Tiande
was sent to the Institute of Physiology in Chinese Academy of Sciences in
Shanghai to learn visual electrophysiology. In the five months period with
Yang Xiongli’s Vision Research Group, Shou and his collaborators observed
two kinds of sensitivity changes during light adaptation through
electrophsiological recordings on carp’s retina, (Yang Xiongli, Shou Tiande,
Li Zhenyuan etc, The carp retinal sensitivity change during light adaptation.
Biochemistry and Biophysics at 1978, 10. 15 -26). After his return to USTC,
Tiande obtained a joint research grant with his colleagues from the Science and
Technology Committee of Anhui Province to study the mechanisms and
applications of anesthesia on the ear root. The research received “Major
Scientific Achievements” awards from both the Chinese Academy of Sciences
(1978) and Anhui Province (1978).

Although the “Gang of Four” was removed from their positions in 1976,

the scientific spring arrived in China in 1978. It became clear to Shou and his
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colleagues that, although they had no choice but to study acupunctural
anesthesia during the Cultural Revolution, it was time for USTC to develop its
own scientific research prograrh, and to contribute to the reconstruction of
science and education in China. To develop a long-term plan, they invited
several prominent vision scientists from the Institute of Physiology, including
Liu Yumin, Yang Xiongli, Li Chaoyi, to visit USTC and give lectures on the
current and future directions of vision research. After carefully listening to the
lectures and going over and discussing their recordings many times, the faculty
in the biophysics section decided that vision research would be the long-term
direction of their program. They also decided to immediately send Ruan Diyun
to the Institute of Physiology in Shanghai (Li Chaoyi’s Lab), Zhang Daren
and Xue Jintang to the Institute of Biophysics in Beijing (Wang Shurong’s and
Diao Yuncheng’s labs), to learn visual physiology and biophysics; and Chen
Lin to the Institute of Biophysics (Wang Yunjiu’s lab) to learn biological
control theory and computational neuroscience. These professional
development activities in the late 70’s resulted in the most important building
blocks of the vision research program at USTC.‘

In 1979, China finally opened its door to the world. Vision researchers at
USTC were selected by the Chinese Academy of Sciences to gain research
experience in Western countries: Shou Tiande was sent to Professor Enroth-
Cugell’s Lab at Northwestern University to conduct electrophysiological study
in the visual central nervous system in 1980; Chen Lin was sent to University
of California at San Diego, Ruan Diyun to University of Houston, Zhang
Daren to Oxford University in the United Kingdom, Xue Jintang to University
of California at Berkeley, to conduct visual psychophysics and
neurophysiology research. Since these researchers had already gained quite a
bit of vision research experience before they went abroad, they not only
obtained more systematic scientific training but also made some important
contributions in the frontiers of vision research during their training period (at
least two years) in the host laboratories; their return to USTC was critical to
vision research at USTC. One of the most important achievements is a sole-
authored publication of “Topological Structure in Visual Perception (1982,
Chen)” By the then young lecturer, Chen Lin, in Science during his years in
the United States. He was promoted to full Professor at USTC in 1985.
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Brief Introduction to the Vision Research Lab at USTC

Shou Tiande was the first to return to USTC. With minimum support, he
established the Vision Research Laboratory at USTC in 1982, and started
research on visual information processing in the central nervous system. He
and his colleagues used extracellular electrophysiological recordings in
combination with microelectrophoresis, and morphological methods to study
the receptive field properties of cat retinal ganglion, lateral geniculate
nucleus, and visual cortical cells. They also studied visual development, and
changes of visual functions associated with acute elevation of intraocular
pressure. Using primitive equipment, most made by themselves, Shou Tiande,
Ruan Diyun, Zhang Daren, Xue Jintang, and Shou’s first graduate student,
Zhou Yifeng, conducted some in-vivo electrophysiological experiments in the
cat central nervous system. They found that the receptive fields of cat LGN
neurons were oriented toward fovea. The results were published in
Experimental Brain Research in 1986 — that was the first publication of the
Vision Research Lab at USTC in an international journal. The paper has been
widely cited. More than 100 researchers, including Nobel Prize winner
Torsten Wiesel, asked for reprints. The publication is a milestone in the
history of vision research at USTC. From that point on, vision research at
USTC is on the international stage.

Training vision researchers has also been a priority at USTC since the
beginning of the vision research program. The first undergraduate
neurophysiology class was offered in 1982, with a textbook written by the
faculty at USTC. At the time, the course generated a lot of interests in China.
Today, many a now prominent young and middle-aged Chinese scientists still
talk about the impact of the textbook on their career when they recall their
college years. The course won an “Outstanding USTC Course” award in 1995.
Currently, the Vision Research Lab at USTC offers a number of vision related
courses, including Theories of Visual Information Processing, From Neuron to
Brain, Principles of Neural Development, and Visual Neuroscience, as part of
Master (since 1989) and PhD (since 1993) degree programs in Biophysics. In

the last 20 + years, USTC has nurtured a large number of researchers in
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neuroscience and especially visual neuroscience.

In 1987, Shou Tiande visited Audie Leventhal’s lab at the University of
Utah to conduct research on orientation and direction selectivities of
subcortical neurons in the visual system, starting a 20-year collaborative
research program between the two laboratories. Although the visual system
processes information in luminance, color, shape, motion and stereo vision,
orientation and direction selectivities, critical for shape and motion
perception, are two of the most fundamental visual functions. Since Hubel and
Wiesel’s pioneering work in the early 1960s, orientation and direction
sensitivities in higher mammals have been thought to originate from the
primary visual cortex. The collaborative research showed that orientation and
direction selectivities exist at subcortical levels. The subcortical selectivities
contribute partially to the strong orientation and direction selectivities of
cortical neurons. The Vision Research Lab at USTC did a lot of ground-
breaking work in this area. The Lab has published more than 20 papers in
important national and international journals, including three papers in the
Journal of Neuroscience. The research has generated a lot of interests in the
international vision research community. Some of the major papers have been
cited more than 200 times. Researchers in the Lab, Shou Tiande, Zhou
Yifeng, Hu Bing, and Li Xiangrui, won the Natural Science Award (second
prize) from the Chinese Academy of Sciences in 1997.

The other line of research, effects of acute elevation of intraocular
pressure on the functions and morphology of the visual system, also continued
in the Vision Research Lab. One of the major studies showed that, different
from chronic intraocular hypertension, the Y-type cat retinal ganglion and
LGN cells are more tolerant than X-type during acute elevation of intraocular
pressure. Seven papers have been published in key vision research journals,
including three in IOVS, since 1984.

In 2000, USTC Alumni, Professor Lu Zhong-lin from the Department of
Psychology at University of Southern California visited the Vision Research
Lab, starting another long-term collaboration. In 2001, Professor Lu and
Zhou Yifeng obtained an Outstanding Young Scientist Grant (B) from the
Natural Science Foundation of China to study the physiological basis of

perceptual learning. Based on the long-term experience with amblyopia in the
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Vision Research Lab and Lu’s expertise on visual perception and perceptual
learning, the research program aimed to understand the mechanisms of visual
impairments in amblyopia and to develop treatment procedures to improve
visual functions of adult amblyopes. After the successful completion of the
Outstanding Young Scientist Grant (B), Professors Zhou and Lu obtained
another Key Grant from the Natural Science Foundation of China to continue
their research on amblyopia. So far, the amblyopia project has generated five
publications, including three in Vision Research, one in Journal of Vision,
and one in the Proceeding of the National Academy of Sciences of the USA.
These studies challenged the widely held view that neural plasticity in the
visual system diminishes with age after the sensitive period, and older child
and adult amblyopia is no longer subject to therapeutic modifications. The
studies revealed remarkable plasticity in the older child and adult amblyopic
visual system and suggests that perceptual learning could lead to substantial
improvements of spatial vision in older child and adult amblyopia. The
research program also produced three PhDs: Huang Changbing, Xu Pengjing,
Qiu Zhuping.

The collaboration between Vision Research Lab and Professor
Leventhal’s lab entered a new era in 2002, when the University of Utah
awarded an NIH subcontract to USTC to study the neural mechanisms and
possible remedies of aging in the mammalian visual system (with Professor Ma
Yuanye in the CAS Kunming [nstitute of Zoology). Additional funds from the
Natural Science Foundation ( International Collaborative Funds) were
obtained in 2005. The results from the collaborative project provide more
evidence on age-related neuronal degradation in the visual system, and may
lead to clinical applications in delaying effects of aging in the sensory, motor,
and cognitive systems. Eight papers have been published from this
collaboration, including one in Science, one in Cerebral Cortex, and one in
Neurobiology of Aging. The Science paper was selected as a “must-read” in the
“Faculty of 1000 Biology”. The Neurobiology of Aging paper was selected as
one of “China’s 100 Most Influential International Research Papers”, by the
Institute of Science and Technology Information of China. The project also
produced three PhDs. Hua Tianmiao, Yu Shan and Wang Hao.

Since its establishment in 1982, the Vision Research Lab at USTC has
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completed more than 30 research projects, with grant support total more than
8 million yuan. The Lab has published 60 papers in international and 40 in
national journals, with more than 400 citations. Members of the Lab won
many national awards. Five courses have been taught by members of the lab;
one of them won a course award from the University. The lab has produced
more than 50 bachelor’s thesis, 18 master thesis, and 21 PhD dissertations.
Currently, there are 11 master and 11 PhD students in the lab. Among the
graduates from the lab, many have become leaders in vision research in China:
Zhou Yifeng ( Professor, USTC ), Han Shihui ( Professor, Peking
University), Hu Bing (Professor, USTC), Wang Wei (Professor, Institute of

Neuroscience, Shanghai), Yang Yupeng (Professor, USTC), and Yu Hongbo
(Professor, Fudan University).

Brief Introduction to Cognitive Science Lab at USTC

Chen Lin established the Cognitive Psychology Lab at USTC when he
returned to China in 1983. Zhang Daren joined the lab when he came back
from Oxford University i 1986. In 1988, Chen Lin started a new Cognitive
Science Lab in Graduate School of USTC in Beijing. The lab later moved to
the Institute of Biophysics in the Chinese Academy of Sciences in 2002. In
2005, Chen Lin joined forces with others and established the National Key
Laboratory of Brain and Cognitive Science, with Chen Lin as the Director.
Zhang Daren stays at USTC and continues to engage in cognitive science
research. His lab was re-named the Cognitive Neuropsychology Lab.

In collaboration with Professors Hu Xiaoping and He Sheng at the University
of Minnesota, the Cognitive Neuropsychology Lab at USTC and the Affiliated
Hospital of Anhui Medical University (MRI) organized a Joint Lab for Brain
Function and Medical Imaging, with Hu Xiaoping as the Director, Zhang Daren
and Zhou Jiangning as co-Directors, and Chen Xiangchuan, an Associate Professor,
as a principal member. In 1999 and 2003, Hu Xiaoping and He Sheng, in
collaboration with Zhang Daren, successively obtained Outstanding Youth Grants
(B) from the Natural Science Foundation. Using functional magnetic resonance
imaging (fMRI), EEG and behavioral methods, they completed a number of studies

on visual attention and working memory, including the effect of visual attention
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load on the processing of unrelated auditory interference (Neuroimage, 2006),
cross-modal temporal order memory for auditory digits and visual locations (Human
Brain Mapping, 2004), binding of verbal and spatial information (Neuroimage,
2007), attentional shift in working memory (Neuroimage. 2004; Brain Research,
2006; JEP — LMC, 2007), and effect of non-temporal visual stimuli on time
estimation (Journal of Vision, 2007). Many graduate students, Zhang Peng, Zhang
Xiaochu, Wu Xiang, Li Zhihao, Bao Min and Xuan Bin, participated in these
projects. All of them have finished their PhDs. In addition, as a joint PhD student,
Chen Xiangchuan was trained in He Sheng’s lab from 2001 to 2003. He obtained

some very interesting results on binocular rivalry (Current Biology, 2004; Vision
Research, 2003).

Vision Research at USTC; Historical Highlights

1978 Vision research was chosen as the long-term research direction of
the Biophysics section at USTC. Faculty members of the section were sent to
related labs in the Chinese Academy of Sciences for professional development.

1982 Shou Tiande established the Vision Research Lab at USTC.

1983 . Chen Lin established the Cognitive Psychology Lab at USTC.

1984: Chen Lin established the first experimental psychology lab at
USTC. The lab is highly related to vision research.

1985: The first master student in the Vision Research Lab, Zhou Yifeng,
graduated (degree awarded by CAS Institute of Physiology). Zhou was later
named as a “Master with Outstanding Contribution” in 1991.

1986. The first vision research paper from the Vision Research Lab was
published in Experimental Brain Research.

1988. Obtained the first research grant from the Natural Science
Foundation of China.

1988: Chen Lin moved to Beijing, establishing the Cognitive Science Lab
in the Graduate School of USTC in Beijing.

1989 The National Academic Degrees Committee approved the Master of
biophysics degree program at USTC. The program is mostly based on vision

research.

1991. Zhou Yifeng obtained the joint USTC-Utah PhD. He is the first
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PhD in Department of Biology at USTC.

1993: The National Academic Degrees Committee approved the PhD of
biophysics degree program at USTC.

1997 . Shou Tiande moved to Fudan University, establishing the Center of
Brain Research at Fudan University. Zhou Yifeng is named the Director of
the Vision Research Lab at USTC.

2001: Professor Lu Zhong-lin at University of Southern California,
together with the Vision Research Lab, obtained a National Outstanding
Young Scientist Grant (B), to investigate the physiological basis of visual
perceptual learning and amblyopia.

2002 Biophysics at USTC became a National Key Disciplinary program.

2002. The Cognitive Science Lab directed by Chen Lin moved to the
Institute of Biophysics in the Chinese Academy of Sciences.

2002 Started the collaboration with Professor Leventhal of University of
Utah on the mechanisms of aging in the mammalian visual system. The project
was funded by a NIH subcontract from the University of Utah and the Natural
Science Foundation of China.

2005: “Mechanisms of Visual Impairment in Amblyope” was funded as a
key project by the Natural Science Foundation of China.

2007 The paper in Neurobiology of Aging was selected as one of the
China’s 100 Most Influential International Research Papers by the Institute of
Science and Technology Information of China.

2008 Proceedings of the National Academy of Science of USA published
paper on amblyopia, with the Visual Research Lab at USTC as the first
institute.
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