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ABSTRACT

It is generally believed that there exists a relationship between the quality of the

indoor office environment, reporting of symptoms of sick building syndrome (SBS)

and worker productivity. However, there is no standardized instrument for objective
measures, and productivity of most office workers is difficult to measure. 47 workers

in one mechanically ventilated office building completed computer-based
neurobehavioral performance tests as part of a study of SBS in which the outdoor air
supply was experimentally varied: For three weeks workers completed questionnaires

regarding symptoms suffered that day, and completed, without supervision, two tests of
neurobehavioural function - the continuous performance test (CI'T) and the symbol-
digit substitution test (SST), while the indoor environment was chatacterized in detail.
Response times, variability, and fatigue for CPT and SST were very similar over all 3

weeks. Personal characteristics such as younger age and clerical work were associated

with better performance in CPT. Workers who reported any symptom had
significantly higher CPT response times (P<.001), and higher SST error rates Gt=.07).
There were modest correlations between higher temperature, Iower humidity, and
lower air velocity, and slower CPT response times. We conclude that computer-based
neurobehavioral tests appear to be a promising tool for determining the impact of
symptoms as well as environmental conditions on office workers performance.

INTRODUCTION

Sick buitding syndrome (SBS) is the term commonly applied to a constellation of
symptoms arising among office workers in modern high rise buildings in which all
indoor ventilation is supplied by mechanical means. Symptoms associated with SBS

include headache, fatigue, diffîculty concentrating, and irritation of the mucous
membranes such as the eyes, nose and throat (1).
It is generally assumed that there exists a relationship between the quality of the
indoor air environment, symptom reporting and worker productivity but there is little
objective supportive data. Past studies have been observational, or have relied on self-
reported assessments of productivity by workers (2,3). Productivity is difñcult to
measure for most types of office worh except for clerical work that involves repetitive
actions such as data entry. Decreased productivity is important because the economic
loss affects not only the individual but also the employer and the community.

Neurobehavioral tests have been used widely to evaluate cognitive function
following human exposure to neurotoxic agents (4). The Neurobehavioral Evaluation
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RESULTS

The participants included La QgVo) males and 34 ('llVo) females. There we-te 3lVo

individuals under 30 years of age and 45Vo atñ24Vo ageò 30-40 and over 40 years

respectively. Thirty seven weeks; 9

completed tests in 2 weeks

As seen in Table 1 mean t 3 week period

whereas SST coding speed e explained by

the learning effect over time encountered in SST but not in CPT. Mean percent error

rates for bõth tests remained stable throughout. Within subject variability was

comparable between
performance and sub
responses over trials;
week 1. Fatigue was
weel(s.

Tabte 1. Mean CPT and SST results per week.

CPT

wk2
39

SST

Response timet
(s.D.)

F;rror rate (Vo)

Coefficient of Var.2
Correlation with Wk1
I-earning effect3 (Vo)

Fatigue3 -15

392
(s4)
1.1

.r4

1.6
-5

2.t
(.83)
1.0

.37

.81
2.8
.02

em-= msec Gd); SST = sec/digit (s.d.)

Coefñcient of va¡iation = s.d. / mean
Statistical calculations described in Research Methods.

n
wk1
47

Wic3
47

wk2 wk3wk1
47

2.3
(.e0)
7.2

t?

.09

4739

2.2
(.e2)
L.4

.40

.18

6.0
.03

397
(67)

1.3

.77

.81
-1.9
-4

389
(s8)
7.3

.15

As shown in Table 2, performance time in CPT and SSt increased with increasing age.



A clerical position seems to be associated with better cpr response time. This
difference^may be explained by the fact that clerical workers *"." yorrng"r. slightly
better performances were noted by males and participants in openLeaîffices for
CPT.
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Table 2. overall average cPT and sST performance by personal characteristics.
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Table 3. Overall average CPT and SST performance by symPtom status'

SST
Error
rate Vo

Cof
Var

57

Fat.2

Fatigue

UTI
Timel Error

:ate Vo

FaL.2 Timet

-11

Cof
Va¡.

Any
Symptoms
Yes 404

No 377 5 2.21
1.3
1.1

l5
t4

2.2t .038
.066

.004

.059

.001

.059

.008

.059

.36

.4r
t.3
1.0

.36

.39

.36

.38

.36

.39
1.5

1.1

Error
rate Vo

Fat.2 Time¡

2.20
2.r9

2.22
2.79

Error
rate Vo

Cof
Var.

Cof
Var

Fat.2

Gender
Males
Females

Age (yrÐ
<30
30-40
>40

Job type
Clerical
Other

Office
type
Closed
Open

' Time =2 Fatigue

Headache
Yes 410

No 389

Difficulty
concentrating

Yes 4lI
No 389

Fatigue
Yes
No

Temperature
Humidity
Air Velocity
COt
Mean TVOC

1.4
t.2

.r7

.14

1.1
t.2

2.17
2.22

2.29
2.L9

-10
-8 2.20

Fatigue Timet

5 1.7
1.1

1.5

1.1

7.4

0.9
7.6

7.4
1.0

388
394

376
398
407

383
400

390
394

1.0
1.3

14

15

74

13

16

-9 2.20
-8 2.20

-73 2.05
-9 2.78
L 2.43

9
8

L6

74

t4
t4

t.2
t.2

408
388

.74

.02

.08

.03

.05

.08

.02

.03

.06

.36

.39

.42

.32

.40

.37

.38

.37

.39

.7
1.3

-11

1.0
1.1

1.1

t.2
1.1

7.2

r.2

2.23
.76

.1.4

-5
-8

1

-8

1.1

7.3

73

15

time rn ûNec; SSTTime = Response tor
2 Fatigue units for CPT msec; for SST sec/digit.

Table 4. Correlation of CPT and SST performance with environmental measures.

Response time for ln msec; SST
units for CPT in msec; for SST in

As shown in Table 3, among particþants who reported any symptoms, cpr response

H *"t sþificantly longer (p <.001) and ssr erto. ratei *äre mgl"r. Fatigue inurl response was not associated with symptom status, but fatigue in ssr response
was^greater among those with syrnptoms. Males had greater fatigue in SST
performance than females (p<.01).
As seen in table 4, all correlations with environmental measurements are low,

to percent error rate (p<.01). CO, (mean
ercent error rate.

'Time: Response time : CPT (msec); SST

DISCUSSION

'f\e 47 office workers wbo participated in this pilot study were able to complete these

neurobehavioural tests without direct supervision at their worksite, in a repeated

measures design. Estimates of coeffîcients all week,
learning effecÃ and fatigue were relatively performance of
tests bè-tween weeks were similar to those e performed

Timet

.22
-.11

-.15
.05
.03

CPI'
Error
Rate 7o

SST
Error
Rate 7o

-.0E

.21

.t2

.26

.t2

.16 -.10 .09 -.ul
-.13 .18 -.14 .11

.03 .04 .09 .04

.02 -.04 .03 .01

.04 .15 -.01 .t4
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