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Abstract

[Title]
Study of introduction of communication encouragement and active intake of outdoor natural
environmental variation in an office environment

[Sub Title]
Analysis and on-going field survey in a research and development (R&D) building with an aim to
improve workplace productivity

[Name]
Numanaka Shuichi

This paper shows study on office environment for communication encouragement and introduction
of outdoor natural environmental variation. In this study, we have carried out analysis and an
on-going field survey in a research and development (R&D) building that aims to improve workplace
productivity.

This R&D building construction project (manufacturer of water heaters) was designed by the author.
The design concept was to improve workplace productivity.

Prior to the construction of this R&D building, R&D facilities were in two locations that were
situated 20 km apart; covering this distance took 50 min of travel time by car. The locations were in
Fuji City and Fujinomiya City. Consequently, employee communication failure had been a problem.
An improvement in workplace productivity was targeted through increasing the opportunities for
communication by combining the separate research sites into a single location. This office layout was
open type. In this Office, diverging thinking was valued. The view from this building was useful for
refreshment. The office workers could see Mt. Fuji. In this study, we carried out a survey to verify
workplace productivity improvements attributable to the use of natural ventilation, natural light

and view.

In Chapter 1, as a background to this study, the necessity of workplace productivity was explained.
The purpose of this study was described. The knowledge was gained by continuing survey over
multiple years. The knowledge was also gained by study on office environment for communication
encouragement and active intake of natural environmental variability in the outdoors.

In Chapter 2, verification frame was shown regarding workplace productivity in this paper. Based
on past research, communication and the intake of the outdoor natural environment were important
in office space that aimed to improve workplace productivity.

In Chapter 3, an office that introduced outdoor natural environment (natural ventilation & natural
light) was surveyed. To maximize the accuracy of the study, the methodology was composed of
subjective (occupants' questionnaire) and objective (using various measuring devices) evaluations.
The survey of the facility’s environment contained field analysis on the use of natural ventilation,
light, and thermal environment measurements. The SAP (Subjective Assessment of workplace
Productivity) is an evaluation tool for workplace productivity developed by the Japan Sustainable
Building Consortium. The POE (pre- and post-occupancy evaluation) was used as a questionnaire
that we developed concerning the workplace environment. Physiological measurements were
conducted using actigraph to analyze the amount of activity and the sleep efficiency of office workers.
These methods were used to verify improvements to the R&D building.



The amount of natural ventilation when the office workers optionally used the windows, greatly
exceeded the necessary amount of ventilation. Approximately 30% of the workers in the office
operated the windows for natural ventilation. The size of open area ratio was linked to the number of
opening windows. If this ratio increased, more outdoor air could be introduced, and the difference
between the inside and outside temperature decreases. The measurement results of the open area
ratio and the difference between the inside and outside temperature was presented. In autumn, the
difference between the inside and outside temperature was around 3 degrees in the case of 3% of
opening area rate of window.

It was confirmed that the amount of natural light intake in the building after the move was larger
than in the building prior to the move. It was also confirmed that satisfaction levels among workers
concerning the natural light intake in the building post-move were greater than in the building
pre-move. This point suggested that the outdoor natural light variation was introduced positively
within the comfort of the workers in post-move building. It might be said that the natural light from
a courtyard was used positively.

Physiological measurement of the workers was evaluated using an actigraph. The sleep efficiency
and the nocturnal awakening of three workers from five subject workers improved after the move.
This investigation was affected by not only the style of the work but also the home environment.
Therefore, the hearing about many items was necessary. In this survey, it was demanded that the
parameter of the object workers were increased.

In a subjective evaluation of the work environment before and after the move, the employee
satisfaction rate in a comprehensive evaluation by the SAP in summer prior to the move was 8%
(head office) and 24%(Fujinomiya). The rate improved to 42% in the summer after the move. In
addition, for all environmental elements (light, thermal, air, sound), employee satisfaction rates
increased after the move.

About the POE, satisfaction and importance of introducing outside natural environments in the
office rose after the move. About the satisfaction, the rise just after the move was bigger than the rise
after move. On the other hand, as for the importance, the difference between summer and autumn
after the move was larger than the difference between before and after the move.

In Chapter 4, survey items were used to verify workplace productivity improvements through: 1)
the identification of creativity and workplace productivity indicators (intermediate indicators) and 2)
the identification of factors that stimulate (or affect) intellectual productivity and creative activity.
The survey was classified into the following three methods. (1)The behavior observation survey. (The
objective evaluation of workplace communication using interval cameras). (2)A questionnaire
concerning workplace communication (SAP). (3)The facility environment survey measuring SAP and
POE. These methods were used to assess the R&D factory building.

The survey results were compared pre-move and post-move. By the objective survey using the
interval camera, an approximate 33% increase in communication volume was observed in the office
space. The multiple linear regression analysis of the POE survey implied that teamwork and
communication were affected by the number, dimension, and location of meeting rooms and open
meeting spaces, in addition to employee satisfaction levels with the view and panorama from the
office windows.

In Chapter 5, the investigation about the subjective evaluation was continued after finished the
investigation of Chapter 3. Investigation by the POE and the SAP were carried out in the
second-year spring, summer and autumn after the move. Through continuous investigation,
knowledge about the change of the subjective evaluation of the office worker was found.

The comprehensive evaluation of the POE improved due to the move. The global assessment of the



POE was stable after the move.

Satisfaction with light environment and air environment, and importance of office environment of
the SAP were also stable after the move. Satisfaction with the light environment decreased in the
second-year autumn after the move. The cause was reduction of the lighting intensity for energy
saving.

About the evaluation of the satisfaction of the thermal environment, it was different between the
summer and middle seasons (spring, autumn). The evaluation in the summer was slightly wet and
hot. The evaluation in spring and autumn were "suitable" for both temperature and humidity. The
fresh air enthalpy was different in each season. The difference affected the evaluation.

Furthermore, the questionnaire results were analyzed. Workers were separated into groups of “high
quantity communicators" and "low quantity communicators". The difference in work environment
evaluation by the separate groups was analyzed. In the result, the evaluation of workers with higher
quantities of communication was higher regarding ease of communication and office environment
satisfaction. The evaluation of the group with high quantities of informal communication was also
significantly higher in the ease of creative activities. A relationship was found between "ease of
creative activities" and "length of the informal communication". In addition, the workers with high
quantities of informal communication tended to report higher satisfaction with the thermal
environment, the air environment, and the sound environment.

In Chapter 6, first of all, informal communication results by interval camera were analyzed. The
percentage of informal communication between seated persons and the persons who stand near the
sitter was the maximum.

The next study was human behavior simulation regarding communication. For the setting of the
input condition, one continuation time and event probability about the tasks were investigated by
the questionnaire. The tasks included break time, restroom, use of the copy printer, meeting, and
work in the different rooms. The human behavior simulation in the building where surveyed by
questionnaire was carried out by being based on the investigation. The quantity of informal
communication by difference in event probability (1%, 3%, 5%) was linear.

Furthermore, human behavior simulation was calculated about standard model plan. Sensitivity
analysis about the standard model plan were calculated. Sensitivity analysis target was as follows.
Position of the copy machine, the orientation of the desk, the location of the meeting room, the
presence or absence of the partition, such as the corridor type. This study obtained the following
knowledge. The number of occurrences of informal communication was greater in the case of a
galleried corridor type. If the movement amount of the agent could be increased, it is suggested it
would contribute to an increase in the amount of informal communication.

In Chapter 7, the summary of this study and future outlook was described.
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