
ScienceDirect

Available online at www.sciencedirect.com

Procedia Computer Science 123 (2018) 165–170

1877-0509 © 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the scientific committee of the 8th Annual International Conference on Biologically Inspired 
Cognitive Architectures
10.1016/j.procs.2018.01.027

8th Annual International Conference on Biologically Inspired Cognitive Architectures, BICA 2017

10.1016/j.procs.2018.01.027 1877-0509

© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the scientific committee of the 8th Annual International Conference on Biologically  
Inspired Cognitive Architectures

This space is reserved for the Procedia header, do not use it

A Cognitive Architecture

Consisting of Human Intelligence Factors

Ryutaro Ichise

National Institute of Informatics, Tokyo, Japan
ichise@nii.ac.jp

Abstract
While there are many types of cognitive architectures available today, one thing common to

all of them is the need to cover the maximum number of the human intelligence factors used for
solving various tasks. However, the currently existing cognitive architectures were developed
based on a variety of aspects other than the human intelligence factors. One famous model of
human intelligence factors is the CHC model which is studied in psychology. When it is used
as the basis of a new cognitive architecture, the architecture will cover all the known human
intelligent factors used for solving various tasks. In this paper, we propose a new cognitive
architecture for dialogue situations based on the CHC model as the first step towards the
formation of a comprehensive cognitive architecture. We will also outline the initial architecture
using a case study.
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1 Introduction

Research into cognitive architectures aimed at the creation of artificial intelligence that would
work on and handle tasks in manners similar to human beings has been ongoing for many
years, with a variety of different approaches being taken. For example, the ACT-R model[1]
uses production rules that require cooperation among several modules, while CogPrime[3] uses
numerous cognitive processes cooperating with atom space, which includes large amounts of
knowledge. In addition, the LIDA model[2] uses numerous memories cooperating within a
global workspace. These examples show that the existing cognitive architectures were developed
on the basis of different aspects, so it is difficult to say which is the best. Indeed, we cannot
even say whether the existing cognitive architectures cover all of the human intelligence factors
used for solving various tasks, which is one of the fundamental requirements of a comprehensive
cognitive architecture.

Over the years, psychology researchers have made numerous efforts to identify human in-
telligence factors. Of these, the CHC model[6] of intelligence factors based on the integration
theory of intelligence is one of the most well known for showing human intelligence factors.
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Figure 1: CHC model

Since the CHC model classifies factors used for human intelligent activities, it can be assumed
that the model covers all related factors. Furthermore, while it is true that this model can be
used for evaluating the existing cognitive architectures [4], if we want to build a cognitive archi-
tecture that covers all of the intelligence factors included in the CHC model, it would naturally
be more logical to use the model directly when creating the new cognitive architecture.

With that point in mind, herein we propose a new cognitive architecture based on the CHC
model, one of the advantages of which is, since we can directly map cognitive architecture
components to human intelligence factors, we can guarantee that the cognitive architecture
includes those factors. However, since there are numerous complicated factors in the CHC
model, it will take significant amounts of time and effort to create an architecture that includes
all of them. Therefore, as the first step towards the formation of a comprehensive cognitive
architecture, this paper reports on an analysis of CHC model factors related to dialogue, and
the creation of the initial cognitive architecture components for that factor.

The rest of this paper is organized as follows. We will briefly describe the idea behind the
CHC model in Section 2. Next, we will analyze the CHC model in order to create a cognitive
architecture for dialogue in Section 3. Then, we will discuss our approach using a case study
in Section 4. Finally, we will give our conclusions in Section 5.
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Table 1: Intelligence factors in Gc
Short Description Detailed Description

K0 General Verbal Information General knowledge in society

VL Lexical Knowledge Knowledge of the definitions of words and the concepts

MY Grammatical Sensitivity Knowledge of grammar and morphology of words in speech

LD Language Development Ability for understanding the speech at the level of words,
idioms, and sentences

LS Listening Ability Ability to understand speech

CM Communication Ability Ability to use speech for communication

2 CHC Model

The CHC model[6] is organized in three layers: General, Broad, and Narrow, as shown in Figure
1. The first layer, General, consists solely of the intelligence factor called “General Intelligence
(g),” which is the integrated factor of the human intelligence. The second layer, Broad, consists
of 16 intelligence factors such as “Processing speed (Gs)” and “Auditory processing (Ga).”
These are the basic factors of the human intelligence that divide “General intelligence (g).”
The third layer, Narrow, consists of numerous intelligence factors that are divisions of the
factors in the second layer. These can be considered detailed factors of the second layer.

In this study, we focused on creating the cognitive architecture that can handle dialogue.
The second-layer intelligence factors that are primarily related to dialogue are as follows:

Comprehension-Knowledge (Gc): cultural knowledge related to language development and
communication

Fluid Reasoning (Gf): ability to perform induction and reasoning

Short-Term Memory (Gsm): ability to use working memory

Long-Term Storage & Retrieval (Glr): ability to store and retrieve information over long
time periods

Although some of the other factors in the second layer also related to our assumed situation,
we focused on the four factors above in order to simplify the creation of our new cognitive
architecture. Of those, “Comprehension-Knowledge (Gc),” which is the main intelligence factor
related to dialogue, is composed of the six third-layer factors shown in Table 1. We will now
investigate those factors for the purpose of creating our new cognitive architecture.

3 Cognitive Architecture Based on the CHC Model

Since the CHC model is a psychological rather than a computational model, it is necessary to
analyze it using computational model aspects in order to implement the cognitive architecture
on a computer. To that end, Ichise analyzed the CHC model with the idea of “data” and “pro-
cessing”, and showed human intelligence factors divided into the four categories [4]. According
to that analysis, K0, VL, and MY could be categorized as knowledge-related factors in the CHC
model, and could be used to measure intelligence depending on the amount of data available.
On the other hand, LD, LS, and CM could be categorized as processing-related factors, which
could be used to measure intelligence depending on the data processing accuracy. In this paper,
we utilized this analysis to create our proposed cognitive architecture.
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