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  1 Background & Why 



 

Focus on  

• Identified Scientific Questions 
(refer to Pasteur’s Quadrant ) from 
Multimodal data 



No 

1.1Background: What is Pasteru’s Quadrant 

1997 , D. E. Stokes  propose 
the 4 quadrants of Scientific 
Research. 
Pasteur’s Quadrant means 
the research that pursues 
both fundamental 
understanding and practical 
applications, known as use-
inspired basic research. 
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considerations of use 

F1. Stokes’ 2D-model 

Yes No 
Yes 

Petersen's Quadrant 



1.2Why Ontology: Multimodal data 

Data selection Problem 

𝐽ournal 𝑝𝑎𝑝𝑎𝑒𝑟𝑠 = 𝑆cience,  
𝑃𝑎𝑡𝑒𝑛𝑡𝑠 = 𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 

 J𝑜𝑢𝑟𝑛𝑎𝑙 𝑝𝑎𝑝𝑎𝑒𝑟𝑠 ≠ 𝑆𝑐𝑖𝑒𝑛𝑐𝑒,  
𝑎𝑛𝑑 𝑃𝑎𝑡𝑒𝑛𝑡𝑠 ≠ 𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 

Add conference paper, 
thesis, reports, news, 
monographs, funds,   

funds guides, etc. 

Lack of fusion logical 
 semantic granularity 
Why not multimodal data？Just 
like Image etc. 
 

How about Multimodal data？ How to extract the semantic. 
How to fusion the knowledge? 

Ontology 

T1. The Current Situation and Existing Problems of Data Usage 



1.2Why LLM: Understanding Deviation in discipline research 

Understanding bias between 
disciplines and within disciplines：
differences in theories, contents 
and methods, concepts and 
terminology systems used, 
disciplinary cultures, cross 
linguistic semantics 

information 
science 

agricultural 
basic science 

crops 

agronomy 

agricultural 
engineering 

computer 
science 

technology 
management 

agricultural 
science 

• Why not LLM? 
• How to control the uncertainty of 

LLM? 



1.3How to Combine Them? 

Narrative 
structure 

Ontology 

Concepts 

Terms 

Attribute 
Visual 
angle  

The  Discipline Structure of the Cognitive Science by wiki  

Cognitive Semantic 

Large Language Model 

F2. The Relation Between the Cognitive Semantic and LLM 



  2 Building Knowledge 
Fusion Model & Method 



Model 

Semantic 
Alignment 

Cognitive 
Semantics 

Narrative 
structure 

Coherence 

Data 
Preprocessing 

Knowledge 

Alignment 

Entity 

Entity Relations 

Classification 
Verify the Fusion 

Results 

Measure the 
Semantics 
Similarity 

F3.  The knowledge fusion Model 



Method 

Extract  the abstract of paper，
patent，Standard Literature，

fund etc. 

ERNIE Bot4.0 to 
extract 

knowledge and  
classification 

Extract  the title of paper，
patent，Standard Literature，

fund etc. 

ERNIE Bot4.0 to 
extract 

knowledge and  
classification 
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Bottom-up 

Extract the pic of standard 
Literature 

ERNIE Bot4.0 
turn image into 

text or data 
Data set3 

3.1 

3.2 

Stokes Classification 

Agriculture Research Cycle 

S&T Innovation Data Chain 

LLM 

F4.  The knowledge Fusion Method 



Cognitive 
System 

Schema & Related Concept Mapping to S&T Linkage Ontology 

Non-
language 
Cognitive 
System 

Pattern-
forming 
cognitive 
system 

Narrative 
structure 

Narrative 
Structure 

• S&T Innovation  
• Agriculture Research Cycle 

Cognitive 
structure 

Pasteur’s Quadrant  

Factor Ontology Concepts 

Factor 
relationship 

Ontology Relations 

Language 
Cognitive 
System 

The 
Schematic 
system of 
Perspective 
State 

Coherence Coherent scene S&T Innovation Scene 

Coherence 
timeliness 

The Multimodal Data Produced in 
the Coherent Scene 

T2. Cognitive Semantics Reflect the Concepts, Relations and Attribute 

3.1  Cognitive Sematic & Ontology Structure 



F5.  The Concepts of the Ontology 



  4 LLMs Evaluation & Selection 



4.1 Multimodal data selection 

Hull-less barley  

is a unique high-altitude 
crop in China. 

Based on the FAIR 
principle build Indicator 
System of Reliable Data, 
and select 12 types data. 

Finally, select 10 
multimodal data. 

Primary 
indicator 

Importance
 Degree 

Secondary 
indicator 

Importance 
Degree 

Findable 4 White 1 
Gray 2 
Black 3 

Accessible 3 Open 1 
Internal 2 
NO 3 

Interoper
able 

2 Direct use 1 
Need 
intermediary 

2 

NO 3 
Reusable 1 Primary data 1 

Secondary 
data 

2 

tertiary data 3 

T3. Indicator System of Reliable Data 



T4. Evaluation Index System for LLM Service Maturity in Ontology Construction 

Primary indicators data handling 
complexity 

(1 is the top) 

Secondary indicator Difficulty level 
(1 is the top) 

Image extraction 1 Line break 1 
Cross-page 2 

Title,  header, notes 3 
Knowledge 
extraction 

2 Classification 1 
RE  2 

NER  3 
Supplementation 3 Characterization  1 

Breeding unit  2 
Ref.  3 

English⇋ Chinese 
 

4 Corpus 1 
Inference 2 

Interoperable 3 

4.2 LLMs Service Evaluation 



T5. The LLMs Comparison in Classification, NER and RE  

4.2 LLMs Service Evaluation 
LLMs: ERNIE Bot4.0, ChatGPT3.5, Claude3,  Gemini  
Target: Data cleaning, Classification, NER, RE 
Materials : 50 Pieces paper abstract (English) 
Prompt: in Chinese 

LLMs Classification NER RE 

ERNIE Bot4.0 100% 717 386 

ChatGPT3.5 70% 685 506 

Claude3 / / / 

Gimini 72% 806 681 

• Gemini has a higher number of extracts in NER and RE recognition.  
• Google‘s rich corpus and the ability of English recognition is beneficial for 

identifying entities and entity relationships？ 



1. Gemini’ answers looked like more logical, and natural. 
2. ERNIE Bot4.0, speak too much, looked like more reliable, 

but not make sense. 
3. Chat GPT3.5, match the answer one by one, like a robot? 
e.g.   
Abstract：The freeze-thaw of early spring in China's Qinghai-Tibet Plateau is often accompanied by severe droughts. Artemisia annua, widely distributed in China, 

releases allelopathic substances, mainly artemisinin, to the environment and exerts a wide range of effects on crops. This paper studied the physiological effects of highland 
barley under freeze-thaw, drought, and artemisinin stress through indoor simulation experiments. The physiological response characteristics of superoxide dismutase (SOD) 
activity, catalase (POD) activity, net photosynthetic rate, relative water content (RWC), relative electrical conductivity, malondialdehyde (MDA) content, and soluble protein 
content in highland barley were analyzed. The results showed that artemisinin and drought contributed to the increase of SOD activity and the decrease of POD activity. Under 
the freeze-thaw stress, the SOD and POD activities both decreased firstly and then increased, but the effect of compound stress on POD was more complicated. Either 
artemisinin, drought, or low temperature could reduce the net photosynthetic rate of highland barley. Low temperature had more significant impacts on photosynthesis, and 
compound stress would show a single stress superimposed effect. Artemisinin, drought, and low temperature could reduce the RWC of highland barley, and increase the 
relative electrical conductivity and the concentration of soluble protein (except for low temperature stress above zero, which reduces the concentration of soluble protein). 
However, the effect of compound stress on soluble protein is more complex. The single stress of artemisinin and drought had no obvious effect on MDA content, while the 
MDA content was increased significantly under the freeze-thaw stress and the compound stress of artemisinin and drought, and the MDA content reached its peak at T1. The 
results are helpful to explore the effects of freeze-thaw, drought and artemisinin stress on the growth of highland barley under the background of the aridification of the 
Qinghai-Tibet Plateau 

 

Classification 

F6. The Classification Command Execution Results with Chinese Prompt  

in ERNIE Bot4.0, ChatGPT3.5 and Gemini 



4.2 LLMs Service Evaluation 
LLMs: ERNIE Bot4.0, ChatGPT3.5, Claude3,  Gemini Target:4 pieces of images 
Target: The recognition accuracy of three types of content, text, cross page and  
line break recognition. 
Materials : 4 Pieces of images(standard literatures )  
Prompt: in Chinese 

LLMs Line break Cross-page Title,  header, notes 

ERNIE Bot4.0 75% 100% 100% 

ChatGPT3.5 0 0 0 

Claude3 / / / 

Gimini 75% 100% 100% 

T6. The LLMs Comparison in Images  



F7. The Images Recognition with Chinese Prompt  

in ERNIE Bot4.0, ChatGPT3.5 and Gemini 



4.2 LLMs Service Evaluation 
LLMs: ERNIE Bot4.0, ChatGPT3.5, Claude3,  Gemini  
Target: Supplement related knowledge, e.g. Breeding Unit, characterization and 
reference.  
Materials : 11Pieces records(Chinese) 
Prompt: in Chinese 

LLMs Breeding unit Characterization  Reference 
 

ERNIE 
Bot4.0 

11 11 7 

ChatGPT3.5 0 1 0 

Claude3 / / / 

Gemini 9 11 6 

T7. The LLMs Comparison in Knowledge Supplementation  



4 Knowledge Fusion：Classification 



A
 

• Agriculture 
character 

 

• O 

• A1 

• A2 

• … 

• A6 

S • Scientific & 
technologic
al character 

• O1 

• O2 

• S1 

• … 

• S6 

R
 

• Stokes 
science 
research 
model 

• R1 

• R2 

• R3 

• R4 

F8. The 3 Characters in Hull-less Barley Journal Paper 



F9. Theoretical Model of Identifying Scientific Problems 

Pasteur’s Quadrant  

O1, O2 S1,S2…S6 

O A1,A2…A6 

S 

A 



Cross matching and expert verification methods for further analysis.  
1. The basic scientific research in the A is cross matched with the technological 

innovation link in S, 
2. as well as the technological innovation link in the A and the scientific research part in 

the S. 
The mathematical expression is as follows: 
 
Suppose there are sets A and sets S 

𝐴 = O, A1, A2 … A6  
Where A=Agriculture Research Circle. O represents basic scientific research in agriculture, 
A1 –A6 present the circle. 

𝑆 = 𝑂1, 𝑂2, 𝑆1, 𝑆2 … 𝑆6  
S represents the Scientific Technology Innovation Chain. O1 represents natural 
observation, O2 represents experimental observation, S1 to S6 represent innovation chain. 
𝐴𝑥 = 𝐴1, 𝐴2 … 𝐴6 , 𝑎𝑛𝑑 𝐴𝑥 ∈ 𝐴, 𝑂𝑥 = 𝑂1, 𝑂2 , 𝑎𝑛𝑑 𝑂𝑥 ∈ 𝑆,𝑚𝑎𝑘𝑒 𝑅2 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑃𝑎𝑠𝑡
𝑒𝑢𝑟′ 𝑠 𝑄𝑢𝑎𝑑𝑟𝑎𝑛𝑡, 

𝑖𝑓 𝐴𝑥 ∩ 𝑂𝑥 ≠ ∅, 𝑎𝑛𝑑 ∅ 𝑖𝑠 𝑒𝑚𝑝𝑡𝑦 𝑠𝑒𝑡, 𝑡ℎ𝑒𝑛 𝑅2 ≠ ∅ 

The Cross judgment  

White Box  



F10. By Expert 

Heatmap of Stokes Classification  

F11.  By ERNIE Bot4.0 1st F12. By ERNIE Bot4.0 2ed  

Black Box  





Type 
Pasteur’s 
Quadrant  

( %) 

Mismatching 
(%) 

Other Quadrants 
(%) 

English paper 76.8 0 23.2 
Chinese paper 78.3 0.59 21.1 

Conference 
paper 

79.6 0 20.5 

Thesis 37.5 5.93 56.6 
Funding 79.5 0.54 20 
Standard 
literature 

0 0 100 

T8. The Result of Cross judgment  



4.3 Knowledge Extraction By LLM 

The extraction of entity and relations  

set the role 

prompt1 

prompt2 

API 



5 Result & Discussion 



5.1 Results 

F13. The Concepts Visualization by Protégé 



5.1 Results 

Image 
Recognition 

Knowledge 
Supplementation 

Knowledge 
Extraction 

Knowledge 
Classification 

Chinese 
⇋ English 

 

ERNIE 
Bot4.0 

★★★☆☆ ★★☆☆☆ ★★★☆☆ ★★★★★ ★★★★☆ 
 

Reason Once for 1 
piece to 
recognize , 
and some 
problems 
occurred in 
Line break 

With littlie 
quantitative data, 
the supplement 
are right, but not 
make sense 

In English, the 
entities and 
relationships 
extracted not 
as much as 
Gemini and 
Chat GPT. 

Perfect, and 
meet our 
needs, the 
results can 
be verified 

No issues 
have been 
identified yet 

T9. Application Evaluation of ERNIE Bot4.0 in Building Agricultural Task Ontology 



5.1 Results 

• Prompt: in Chinese 

• Materials : 50 Pieces paper abstract in English and 4 images with Chinese text 

T10. The Results of Evaluation Index System for LLM Service in Ontology Construction 



5.2 Discussion 

1. Inter-disciplinary 
In semantic analysis，concepts 
understanding，classification 

2. Multilingual 
Semantic analysis, interoperability. 

3. Data Preprocessing & 
Knowledge Extraction 
Quickly and efficiently 

4.Image Extraction 
In tables 

5. Knowledge Inference 
It has preference but could be explained 

Advantages 

1. Corpus 
Will effect the ability of interfere  

2. Supplementation 
Not work now. 

3. Multimodal data 
It will help the user understand the thing 
form different aspects. 

4. Charge 
Charge will widen a cognitive gap between 
poor and rich. 

Disadvantages 



5.2 Discussion 

1.Enlarge the Corpus of Disciplinary 
Improve the ability of semantic analysis. 
2.Elarge the Ability of Multimodal Data Recognition 
They will enlarge the natural language knowledge from 
the Perspective aspect. 
3.Improve the Ability of NLP. 
For ERNIE Bot4.0,  improve the knowledge extraction of 
English. 
And make the corpus more reliable. 

Suggestions 
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F14. The Cherry Blossom Season at Wuhan University by ERNIE Bot4.0 


