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研究成果の概要（和文）：二つの主要な成果を達成しました。最初の成果は、構造化された知識のより良い統合
を可能にする言語モデル（LM）のアーキテクチャです。LMは一般的に大量のテキストデータに基づいて訓練され
ますが、独自の社内知識ベースなどの特定の構造化された知識を統合することが望ましい場合がよくあります。
ここでは、高価な再訓練を必要とせずにそのような統合を可能にするバイエンコーダアーキテクチャを開発しま
した。
二つ目の成果は、LMが特定の種類の構造化知識、具体的には人の出生年や都市の人口などの数値的属性をどの程
度うまく表現しているかを分析する解釈方法です。

研究成果の概要（英文）：This research project attained two main achievements. The first achievement 
is a language model (LM) architecture that enables better integration of structured knowledge. While
 LMs are commonly trained on large amounts of text, it is often desirable to integrate specific, 
structured knowledge, such as an proprietary in-house knowledge base or other knowledge that is not 
covered by the LM's training data. Here, we developed a bi-encoder architecture that enables such an
 integration without requiring costly retraining.
The second achievement is an interpretation method for analyzing how well LMs represent a specific 
kind of structured knowledge, namely an numeric properties such as a person's year of birth or a 
city's population.

研究分野： Natural Language Processing

キーワード： Language models　structured knowledge　interpretability　explainability　knowledge representa
tion　knowledge base

  １版

令和

研究成果の学術的意義や社会的意義
The first achievement provides an efficient method for integrating structured knowledge into 
existing language models, which allows users to adapt LMs to their specific needs without costly 
retraining.
The second achievement improves our understanding of how LMs, thereby increasing transparency.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
At the time of application, the goal of this research project was to develop a novel language 
model architecture that is grounded in a structured knowledge base. The motivation for this 
was that humans ground text they are reading or writing in a rich set of experience, while 
language models lack such a grounding. For example, if a human reads a sentence like 
“Mount Fuji is a mountain in Japan”, she will connect the phrase “Mount Fuji” with photos 
of snow-capped Mount Fuji or with memories of having climbed it, she will have a mental 
image of a prototypical mountain which she associates with the word “mountain”, and she 
knows that “Japan” refers to a country in East Asia and that countries contain geographic 
features such as mountains. A language model, in contrast, lacks experience of the real world 
and instead relies only on the distributional signal of word co-occurrence patterns to produce 
its output. This lack of grounding often causes an ungrounded LM to produce coherent, but 
factually incorrect output. 
 
２．研究の目的 
The initial goal of this project was to develop a model architecture and training procedure 
that allows grounding a language model in a knowledge base. The underlying motivation was 
that this will indirectly ground the language model in the real world, since the knowledge 
base was created by humans whose experience is grounded in reality. Based on this indirect 
grounding the resulting language model should exhibit less factually incorrect output. 
As large language models appeared and showed dramatic performance improvements during 
the second half of this project, our research focus shifted from creating a knowledge-based 
grounded language model architecture to the goal of understanding if and how large language 
models encode structured world knowledge. 
 
３．研究の方法 
During the first half of the funding period we 
focused on the development of the knowledge-
base grounded language model architecture. 
Specifically, we designed an architecture that 
combines a knowledge-base encoder with a 
pretrained language model by employing 
cross-stitch connections and devised an 
efficient training procedure that avoids costly 
from-scratch training by using adapter 
modules. The resulting models showed 
improved performance on knowledge-intensive 
information extraction tasks such as relation 
extraction. 
In the second half of the funding period we 
shifted from model developments towards 
developing interpretability methods for large language models with a particular on the 
question if and how structured is represented in the internals of such models. Concretely we 
developed a new method identifying and manipulating representations of numerical world 
knowledge in low-dimensional subspaces of a language model’s activation space (Figure 2). 
 
 
４．研究成果 
This research project attained two main achievements. 
The first achievement is a language model (LM) architecture that enables better integration 
of structured knowledge. While LMs are commonly trained on large amounts of text, it is 
often desirable to integrate specific, structured knowledge, such as a proprietary in-house 
knowledge base or other knowledge that is not covered by the LM's training data. Here, we 
developed a bi-encoder architecture that enables such an integration without requiring costly 
retraining. 
The second achievement is an interpretation method for analyzing how well LMs represent 
a specific kind of structured knowledge, namely numeric properties such as a person's year 
of birth or a city's population. 
 

図  1 Bi-encoder architecture for 

combining a pretrained language model 

with a knowledge base encoder. 



The first achievement provides an efficient method for integrating structured knowledge into 
existing language models, which allows users to adapt LMs to their specific needs without 
costly retraining. 
The second achievement improves our understanding of how LMs, thereby increasing 
transparency. 
 
 

図 2 Identification and manipulation of a “birthyear” representation in the activation 

space of a large language model 
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