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ENERGY EXPENDITURES OF WOMEN 
PERFORMING CERTAIN 

HOUSEHOLD TASKS 
DORIS E. ELLIOT, MARY BROWN PATTON AND MARY EDNA SINGER 

Changing conditions in the home are a factor in the apparent 
need for a better understanding of the various impacts of household 
work. More and more homemakers are pressured by dual occupations. 
Larger proportions of the population consist of older people, many 
with chronic disabilities, who desire to maintain their own homes. 
New equipment, improvements in the old and advances in space and 
working situations affect work methods, and, in turn, are affected by 
changing work methods. 

Measurements of physiological and psychological costs of work 
might enable homemakers to weigh alternatives in making decisions 
involving time and energy. 

The physiological cost of work of the home gains in significance 
from the sheer variety of body movements in which the homemaker is 
involved daily and often hourly. Stair climbing, bed making, carrying 
of loads, and even sitting and standing-all an integral part of the 
work of homemakers-involve reaching, stooping and bending. 

Energy expenditure as measured indirectly by oxygen consumption 
is one of the physiological costs of work to be reported in this bulletin. 
Although the energy costs of some household tasks have been made 
by research workers in home economics, physiology and medicine, 
measurements of many activities are lacking. 

For a long time home economics research workers at the Ohio 
Station have been interested in the relationship of energy expenditure 
and postural adjustments to methods of work, design of equipment, 
and space. As part of a North Central regional housing project*, 
a series of studies was planned to evaluate certain relationships. An 
annotated bibliography of the literature was prepared and distributed 
in mimeographed reports ( 18, 19). A manual has been published 
setting forth the step-wise procedures as used in this laboratory in the 
determination of energy expenditures of certain household tasks ( 5). 

*Farmhouse requirements and their application in the improvement of farm housing. 
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BEDMAKING1 

Bedmaking was chosen because it was believed that the economic 
situation and current building trends dictated bedrooms of such limited 
dimensions as to provide inadequate space and arrangement for bed­
making. In addition, a pilot study of space needs for bedmaking had 
been made at Illinois (another station in the North Central region) 
and measurements of energy exxpenditures would supplement this 
work. 

The study of energy costs of bedmaking served as a pilot study 
primarily for testing the techniques that had been developed for use 
of the Kofranyi-Michaelis respirometer and the Beckman oxygen ana­
lyzer. Attention was also given to the relation of the cost of an 
activity expressed as gross Calories to Calories above basal and to Cal­
ories above standing. 

The four subjects who participated in the bedmaking activity 
ranged in age from 23 to 32 years; in height from 61.5 to 68.0 inches 
and in weight from 116 to 144 pounds. The activities included making 
the bed by subject's own habitual method when the bed was adjusted 
at four heights, 20, 23, 26 and 30 inches; by two methods, the subject's 
own and a method established through a time and motion study ( 1 0) , 
with the bed at two heights, 20 and 26 inches; in free and confined 
space by the standarized method with the bed at heights of 20 and 
26 inches. The subjects performed each activity in quadruple. The 
heights of the bed in the four replications were arranged in a Latin 
square. The order in which the beds were made by the two methods 
was staggered on the four days. 

The space in which the subjects worked was limited during certain 
phases of the study. Eight Plexiglas panels, 4' X 6' X Y4" (Figure 1) 
with holes drilled in the Plexiglas at intervals and the panels bolted 
together were used to form a room of the required dimensions. An 
opening was left at one end for a passageway. By placing supporting 
angles at the comers of the structure and allowing for overlap of the 
panels, there was sufficient rigidity for the panels to support their own 
weight in an upright position. The size of the room could be altered 
for subsequent tests by removing bolts from opposite sides, telescoping 
the panels to desired dimensions and placing bolts in aligned holes. 
Plexiglas was used so that motion pictures could be taken through it 
for use in another study dealing with posture ( 8). 

'Data for this activity are taken from "Energy expenditure and its relationship to working 
heights, space, and methods of work in the performance of a household task". Unpublished 
Ph. D. Dissertotion of Mary Edna Singer. The Ohio State University Library, Columbus. 
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Basal metabolic rates were observed by use of the Benedict-Roth 
apparatus. Energy expenditures during standing and making beds 
were determined by the Kofranyi-Michaelis respirometer. The expired 
air was analyzed for oxygen content using the Beckman analyzer. 
Techniques employed were those described in Research Circular 121. 

The series of pictures, Figures 2, 3, 4, 5 and 6, shows some of the 
steps in making the bed by the Halbert method as reported by Mundel 
et al. ( 10) . The Plexiglas panels used to simulate the walls of a room 
and the respirometer worn by the subject are shown in Figure 1. 

The data were analyzed statistically to determine the effects on 
energy expenditure of height of bed, method of making the bed and 
space allowances for the bedmaking activities. 

The mean expenditure decreased from 15.853 to 14.361 total 
Calories and from 3.433 to 3.129 Calories per minute as the height 
of the bed increased from 20 to 30 inches. The difference between 
maximum and minimum time required for the four subjects to make 
the beds of the four heights was 1 minute 16 seconds and it can be said 
that bed height had no effect on time required. The differences in 
Calorie expenditures due to height of bed were significant. 

The mean expenditures varied from 14.025 to 15.206 total Cal­
ories when the bed was made by the two methods with the bed at 20-
and 26-inch heights and in unconfined space; from 14.335 to 15.418 
Calories with a 16-inch pathway around the bed; and from 14.249 
to 16.777 Calories with the head and one side of the bed against ad­
joining walls and 24 inches at the foot and other side of bed. The 
differences in Calorie expenditures due to either space allotments or 
method of making bed were not significant. 

Perhaps one of the more useful findings of the bed making study 
had to do with the relationship of gross Calories expended per minute 
for the activity to Calories above basal and above standing. These 
relationships for making beds at heights varying from 20 to 30 inches 
are shown in Figure 7. As can be noted in this figure the three lines 
are practically parallel denoting a consistent and proportional dif­
ference at the 4 heights studied. The data might also be interpreted 
to indicate that the basal and standing values are equally satisfactory 
as a base line for reporting Calorie expenditures. 

In general, basal metabolic rates of women vary within a com­
paratively narrow range from day to day within short periods of time, 
exclusive of menstrual periods. The data from this study would seem 
to justify the conclusion that daily basals are not necessary in a series 
of observations carried out within a comparatively short period of time. 
By omitting basals on certain days time can be saved. If standing 
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Figs. 1 and 2.-Subject at left is wearing respirometer while making 
a bed in confined space. S'Jbject at right folds sheets widthwise with 
selvedges meeting at center of fold. 

Figs. 3 and 4.-Unfolded sheets, left, are tossed toward head of bed. 
At right, bedspread is tossed toward head of bed. 

Figs. 5 and 6.-Process is completed in one trip around bed to tuck in 
sheets, place pillows and smooth spread, left. Final step in bedmaking, 
right. 
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values do not vary with the time of day then the laboratory facilities 
can be used in both morning and afternoon. 

The heights of beds used in this study were selected from those 
currently displayed m furniture departments. They varied from those 
of the so-called oriental type to that of the hospital bed. 

These limited data indicate the expenditure level in which bed­
making may be classed. Doctors and those workmg in the rehabili­
tation of heart patients as well as nutrition and home management 
specialists may find this information useful. 

STAIR CLIMBING 
Space allotments for stairs in small homes is often kept to a mini­

mum to reduce costs and the pitch of the stairs has to be increased. 
Observations were made of the energy expenditures of four young 

women ascending and descending stairs of three pitches without loads; 
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Fig. B.-Arrangement of stairs in the laboratory. 

10 young women ascending and descending one flight of stairs carrying 
16-pound loads in three positions; 10 older women ascending and 
descending the same stairs carrying the same loads in the same manner 
as the younger women. The subjects climbed the stairs to the timing 
of a metronome (92 steps per minute). 

The young women were between 26 and 36 years of age, 63.39 
and 66.54 inches in height, and 11 7.0 and 149.0 pounds in weight. 
The older women were between 63 and 73 years of age, 61 .32 and 66.14 
inches in height, and 118.0 and 184.0 pounds in weight. The measure­
ments of all subjects including their basal metabolic rates will be found 
in Tables 11 and 12 in the appendix. 

The stairs represented those that might be found in the home; 
(a) basement stair, (b ) first to second floor type, and (c) one sug­
gested by architects where neither space nor cost present problems. 
The measurements of risers and treads were as follows: 

Stair 

a 
b 
c 

Riser height 
inches 

9 
7 
7 

Tread width 
inches 

11 
9 

11 

The arrangement of the stairs m relation to each other m the 
laboratory may be noted in Figure 8. 
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No Loads 
The four young women who served as subjects climbed one flight 

of stairs to the timing of a metronome, which required 8 seconds, then 
stood on the platform at the top of the stairs until a total of 5 minutes 
had expired. The subject rested for 5 minutes while sitting on a chair, 
and then descended another flight. The order for ascending and 
descending was planned so the subject would have to walk the least 
possible distance at the end of an ascent or descent to be in position 
for the subsequent activity. A desk chair with casters was used to 
move the subject from the bottom of one stairs to that of the stairs 
farthest away. At the top of all three stairs and at the bottom of the 
two parallel stairs, the subject had to walk only one or two steps in 
order to get into position. 

The Calorie expenditures per minute of these four subjects are 
~hown in Table 1. The description of certain characteristics of the 
subjects will be found in the appendix, Table 13. The cost of ascending 
was significantly greater than that of descending, averaging 1.561 and 
1.336 Calories per minute respectively. Benedict and Parmenter ( 2) 
and Orsini and Passmore ( 11) presented data that confirms this gen­
eral finding. The level of energy expenditure by the subjects in the 
present study was lower than that of subjects in the two studies cited 
above. At least some of the difference may be accounted for by pro­
cedures followed. In the present study the subjects rested while sitting 
on a chair and then climbed 13 steps in 8 seconds and the collection 
of expired air continued for 4 minutes and 52 seconds while the sub­
jects stood quietly. In the Benedict and Parmenter study the subjects 
climbed 130 steps in a warm-up period and then energy expenditures 
were measured during a 2-minute climb. In the Orsini and Passmore 

TABLE 1.-Energy Expenditures in Calories Per Minute of Young 
Women Climbing Stairs of Three Pitches (without loads}. 

Ascending Descending 
Initial stair stair 

Subject standinfi I II III I II III 

s.s. 1.246 1.503 1.597 1.580 1.346 1.365 1.319 

J.D. 1.154 1.446 1.527 1.449 1.204 1.272 1.363 

I:.H. 1.260 1.661 1.669 1. 750 1.452 1.383 1.433 

J.B. 1.242 1.510 1.477 1.563 1.289 1.297 1.312 

Average 1.226 1.530 1.568 1.586 1.323 1.329 1.357 
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study the subjects climbed 53 steps in 1 minute, were returned to the 
bottom by a lift and the ascent was repeated five times in this sequence. 
The collection of expired air continued for 5 minutes after the fifth 
replication with the subject in standing position. 

The energy expenditure as reported for this study appears to be 
reasonable in relation to the expenditure for standing (x = 1.226 
Cal/min) particularly when one considers that the recovery period 
included 4 minutes and 52 seconds of standing. Ascending was 27 
percent above standing, and descending 9 percent. Bratton ( 3) has 
pointed out that the time of ascent is probably under Y4 minute and 
total energy expenditure would be under 2 Calories (assuming the rate 
to be 7 or more Calories per mmute). She goes on to say that "with 
the usual length of stairs in homes and with the normally spaced occur­
rence of the activity, the energy cost is not likely to be important for 
the healthy homemaker." 

Because of the small sample of expired air collected in 8 seconds 
it would be impossible to determine the energy cost of the activity itself 
with the method used in this laboratory. It is possible that recovery 
from an activity of such short duration may be completed in less than 
the 4 minutes and 52 second'S allowed. Data collected on recovery 
during three 5-minute periods following other activities performed 
by women in this laboratory showed that recovery was complete at 
the end of 5 minutes. Taylor, MacLeod and Rose ( 17) suggest that 
.036 and .012 Cal/kg be allowed for ascending and descending, respec­
tively, a staircase of 15 steps, without regard to time. This value is 
exclusive of basal metabolism and influence of food. In deciding upon 
a value for estimating energy expenditures of individuals in which 
stair climbing is involved it would be advisable to take under considera­
tion the condition under which the subject will make the climb. 

With Loads 
Energy expended in carrying loads up and down stairs may be 

related to the position in which the load is carried. Studies were made 
of the energy expenditures of 10 young women carrying the following 
16-pound loads up and down the stairs: a basket of clothes (Load I); 
an upright sweeper (Load II); and a doll (Load III). The doll was 
weighted with shot to make the loads equal in weight, i.e. 16 pounds. 
The position assumed in carrying each of these loads may be noted in 
Figures 9, 10, and 11. Pertinent data on these subjects may be found 
in the appendix. The Calorie expenditures per minute during load 
carrying are presented in Table 2. 
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Fig . 9.-Subject carrying basket of clothes (Load 1). 

Fig. 1 0.-Subject carrying upright sweeper (Loe~d II). 
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Fig. 11 .-Subject carrying doll (load Ill). 

TABLE 2.-Energy Expenditures in Calories per Minute of Ten Young 
Women Carrying Loads on a Stair. 

I1 
Ascend in~ 

Load III 3 Load I 1 
Descending 

Subject Load Load II Load II 2 Load III 3 

E. H. 1.348 1.290 1.101 1.236 1.358 1.220 

G.C. 1.985 1.986 1.918 1. 775 1.538 1.976 

P.S. 1.630 1.705 ' .• 708 1. 725 1.210 1.276 

J.tt. 1.769 1.602 1.544 1.271 1.299 1.138 

P.H. 1.720 1.622 1.586 1.846 1.559 1.600 

J.H. 1.950 1.832 1.662 1.859 1. 782 1.841 

J.B. 1.245 1.149 1.276 1.680 1.591 1.549 

R.C. 1.621 1.942 1.548 1.485 1.388 1.451 

L.S. 1.661 1. 741 1.606 1.545 1.373 1.364 

s.o. 1.682 1.596 1.602 1.359 1.286 1.280 

Average 1.661 1.646 1.555 1.578 1.438 1.4iU 

~oad I: Basket of clothes carried in front. 

2Load II: Vacuum sweeper carried at side. 

~oad III: Doll carried over shoulder. 



Analysis of variance ( 15) of the Calorie values indicates that 
there were no differences in expenditures due to type of load carried 
either while ascending or descending but there was a significant dif­
ference ( P = .05) between expenditures while ascending and descend­
ing. The mean value of ascending was 1.621 Calories per minute as 
compared with 1.495 Calories while descending. The mean Calorie 
expenditure for standing prior to ascending was 1.019 and prior to 
descending 1.062. The increase for ascending was 60 percent above 
that for standing and for descending, 41 percent. 

Orsini and Passmore ( 11) made a study of two subjects carrying 
loads of 15 and 30 kilograms ( 33.0 and 66 pounds) while ascending 
and descending a flight of 53 steps. The loads were carried on the 
back and suspended from the shoulder. The subjects climbed the 
stairs in 1 minute and were returned to the bottom by means of a lift 
(time, 1 minute). This was repeated five times and at the end the 
subject continued standing for 5 minutes. Thus, each experiment was 
of 15 minutes duration. Observations were also made of standing at 
ease and walking on the level. The results show that the cost of both 
ascending and descending increased with the increase in weight of load 
carried. The cost of ascending was greater than that of descending 
and in general the percentage difference increased as the weight of 
the load carried increased. The expenditure for climbing increased 
from approximately 480 Cal/hr (8.000 Cal/min) for no load to 850 
Cal/hr (14.167 Cal/min) for the 30 kg load. The expenditure for 
descending varied from approximately 240 Cal/hr ( 4.000 Cal/ min) 
for no load to 330 Cal/hr ( 5.500 Cal/ min) for load of 30 kg. The 
values for standing with one exception were approximately 84 Cal/hr 
( 1.400 Cal/ min). These authors point out that the difference in 
costs of walking downstairs and walking horizontally is undoubtly spent 
in maintaining body posture in between the steps. They state, "We 
do not fall simply from step to step." 

The difference in energy expenditure by the two subjects of Orsini 
and Passmore and tl?.e 1 0 Ohio women may be related to length of 
time activity was performed and differences in weights of loads carried. 
Although Orsini and Passmore did not state the sex of the two subjects 
it is assumed they were males. 

In 1924 Bed ale ( 1 ) made a study of one woman (height, 1 7 6 em; 
weight with clothes, 56 kg; surface area 1.66m2 ) who carried varying 
weight loads in eight positions. She walked on the level a distance 
of 100 yards in 73 seconds, a rate of 2.8 miles per hour. With one 
exception, the observations were made in the morning, 2 to 3 hours 
after a light meal. Three 2% minute-samples of expired air were 
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taken at 20, 40 and 57 minutes of work. The loads carried weighed 
20, 30, 40, 50 and in two cases 60 pounds. They were carried in front 
of the body, at the sides in either hand, on left shoulder, on left hip, on 
back, and on the head. When the load was carried on the shoulder, 
the weight was distributed over a board on the left shoulder in one 
case and in another it was divided between two pails and carried 
on a yoke. Minimal energy was expended when the loads were 
in pails suspended from a shoulder yoke, and maximal, when carried 
in a tray on the left hip. In the present study carrying the doll over 
the shoulder required slightly less energy than carrying the basket at 
the front and sweeper at the side but as stated earlier, the differences 
in energy expenditures were not significant. 

The energy expenditures for carrying weights of 4, 6, 8, 10 and 
12 pounds on the back or attached to the feet were reported by Draper 
et al. ( 4). The data showed that the energy expenditure for carrying 
a pound of weight attached to the feet was twice that for the same weight 
carried on the back. These latter two studies seem to indicate that 
the position in which a load is carried may be related to energy expen­
ditures. 

Another group of 10 Ohio women, aged 63 to 73 years, was ob­
served while performing the same activity as the 10 young women. Five 
of this second group were less than 20 percent above their suggested 
weight for height and the other five were more than 20 percent above. 
The Calorie expenditures per minute are presented in Table 3. 

The women who were less than 20 percent above suggested weight 
for height spent less energy than those over 20 percent. The difference 
was not statistically significant although the F value approached signi­
ficance. The subject to subject variation was high (and the number 
of subjects in each group small) and this may have obscured the dif­
ference due to weight. When the data were calculated to Cal/min/kg 
and analyzed the difference in energy expenditure of the two weight 
groups was not significant. 

Loads and direction (ascending- and descending) were both signi­
ficant factors in Calorie expenditure but there was no interaction. 
The mean expenditures for ascending and descending in Calories per 
minute were: 

No load 
Basket 
Vacuum 

Doll 

1.532 
1.776 
1.718 
1.631 

Significantly more Calories were expended in ascending and de­
cending with loads than without. The energy expenditure to carry 
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TABLE 3.-Energy Expenditures in Calories Per Minute of Ten Older 
Women Carrying Loads on a Stair. 

Load I1 
Ascendinf 

Load III3 Load I 
l Descendits 3 

Subject Load II Load II Load III 

Women less than 20% above sussested weis8t for hei&ht 

A.B. 1.793 1,736 1.578 1.486 1.486 1.382 

E.K. 1.640 1.468 1.510 1.356 1.342 1.261 

.N.Jt. 1.958 1.920 1.850 1.546 1.516 1.475 

c.s. 1.564 1.433 1.534 1.276 1.196 1.110 

H.K. 2.012 1.798 1.736 1.977 1.736 1.664 

Average 1.793 1.671 1.642 1.528 1.455 1.378 

Women more than 20% above sus&ested wei&ht for hei&ht 

M.K. 2.340 2.270 2.295 2.206 2.110 2.045 

A. E. 1.950 2.082 2.049 1.796 1.766 1.606 

R.P. 1.894 1.936 1.806 1.591 1.476 1.490 

E,l!, 1.814 1.896 1.777 1.525 1.493 1.328 

R.B. 1.950 2.009 1.758 1.854 1.686 1.364 

Average 1.990 2.039 1.937 1.794 1.706 1.567 

Avera~;e of 
1.855 1.789 1.661 1.581 1.472 both groups 1.892 

~oad I: Basket of clothes carried in front. 

2Load II: Vacuum sweeper carried at side. 

3z.oad III: Doll carried on shoulder. 

the doll was significantly less than for carrying either the basket or 
the vacuum (P = .01). The difference between the cost of carrying 
the basket and sweeper approached significance, .058 Cal, L.S.Do;; 
equals .059. 

The mean cost of ascending, with and without loads, 1. 797 Calories 
per minute, was significantly greater than that of descending, 1.532 
(P< .01) with and without loads. 

Analysis of variance ( 15 ) of the energy costs of stair climbing 
with loads by the two age groups indicated that the older women re­
quired more Calories than the younger women to ascend the stairs 
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irrespective of loads. Figure 12 shows the energy expended by each 
group. The difference in Calorie expenditure between the two groups 
is less for the descent than for the ascent. In fact, there was no dif­
ference between the two groups in descending while carrying the doll 
(Figure 13). 

The mean weight of the younger women was 130.04 pounds and 
that of the older women, 14 7.80 pounds. Five of the older women had 
a mean weight of 161.30 pounds and the other five, 134.30 pounds. 
Passmore et al. ( 12) reported on the energy expenditures of five male 
students 19-25 years of age while going up and down stairs at the rate 
of 97 steps per minute. Their weights varied from 131 to 183 pounds 
and the expenditures increased from 6.6 Cal/min for the 131-pound 
subject to 9.8 Cal/min for the 166-pound and then leveled off for the 
heavier subjects. The values reported are for the round trip and the 
authors did not comment on relative cost of climbing and descending. 

McKee et al. ( 9) studied the energy expenditures of 25 normal and 
19 obese persons. They report that the increasing energy expenditurt> 
for obese persons was due entirely to the increase in basal expenditure. 
Among the 10 older women reported in this bulletin the 5 who were 
more than 20 percent above suggested weight had a mean basal rate of 
0.940 Cal/min as compared with 0.842 for the 5 women less than 20 
percent above their suggested weight. As stated earlier the difference 
between the Calorie expenditure of the two groups while carrying loads 
was not significant but F values approached significance. The dif­
ference in basal rate may have been a factor. 

CLEANING STAIRS 
The studies of climbing stairs with and without loads were fol­

lowed by observations of the cost of cleaning stairs covered with hard 
surface (vinyl treads) and soft materials (carpet). In order to eval­
uate the difference between energy expenditures due to type of covering 
the same general work methods and the same four tools were used on 
both. In addition, a fifth tool, different for each covering but appro­
priate for the covering, was employed. The stairway used consisted 
of 12 steps with 7 -inch risers and 11-inch treads, such as first to second 
floor stairs found in homes. 

Method 
The carpet used was Wilton all wool, full pitch, placed on a 40 

ounce felt pad. It was 27 inches in width and covered all but 3 inches 
of the width of treads and risers. 
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The vinyl treads, 12" X 18", were centered and tacked to each 
step. Approximately 2 inches of the width of the tread was used for 
covering the nosing of the step and was tacked to the top of the riser 
of the step below. The treads (except for nosing) contained ridges 
running horizontally. A 6-inch space on either side of the tread was 
not covered. 

Tools used in cleaning both types of coverings were: 
(a) whisk broom and dust pan 
(b) special purpose cleaner 
(c) tank cleaner 
(d) upright cleaner with attachments 

In addition, carpeted stairs were cleaned (treads only) with an 
upright cleaner and stairs with vinyl treads were washed with a terry 
cloth and water. 

Ten subjects participated in the cleaning of stairs with each of 
these coverings. Description of certain characteristics of the two 
groups are found in Tables 14 and 15 in the appendix. 

In order to determine the amount and type of soil commonly found 
on stairs permission was obtained from 10 homemakers to collect soil 
on their stairs using the tools that were to be used in the study. In 
the homes of five of these women second floor carpeted stairways were 
cleaned; in the homes of the remaining five, basement stairs with a 
hard surface tread cover were cleaned. 

Each stairway was cleaned once and the soil collected from each 
was weighted, sifted to separate into "fuzz" and grit, and the component 
parts weighed. The average weight of each lot was 15 grams grit and 
3 grams "fuzz". These amounts were distributed routinely on the 
laboratory stairs preceding each stair cleaning test except when the 
vinyl treads were washed with a terry cloth. Additional amounts of 
soil were collected until a sufficient amount was obtained for the entire 
study. 

Instructions were formulated for cleaning the stairs taking into 
consideration the tool used and the stair covering. The general direc­
tions included such items as timing for ascending the stairs to begin 
work, location of tools, designation of starting point and direction of 
motions. The subjects were asked to ascend the stairs at the rate of 
92 steps per minute to the timing of a metronome. The stairs consisted 
of 12 steps and 13 risers and work was started on the left hand side of 
the first riser and proceeded to the right. Cleaning of the first tread 
began on the right and preceded to the left. This pattern was followed 
for all risers and treads. In cleaning the carpeted stairs with the up-
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right cleaner only the treads were cleaned but the directions of the 
motions were the same, that is, from left to right, right to left. 

When the thirteenth riser had been cleaned the subjects were 
instructed to place tools in a specified position and stand at rest at the 
foot of the stairs. 

Instructions for cleaning with power driven tools with attach­
ments were similar. The positions of the subject and the tool on the 
stairs varied with the eqiupment used. The special purpose cleaner 
was supported on the right of the body at the waist by a strap placed 
over the left shoulder. The subject ascended nine steps and began 
work. The tank cleaner was carried up to the fifth step, the subject 
ascended four more steps and began work. She cleaned five risers 
and treads, picked up the tank and carried it to the foot of the stairs, 
returned to the fifth step and continued cleaning. The upright cleaner 
with attachments was carried to the platform at the top of the stairs, 
the subject descended three steps (ninth step of stairs) and began 
work. Upon completion of cleaning of the third tread, she ascended, 
picked up the equipment and carried it to the foot of the stairs. She 
ascended to the sixth step and continued cleaning. 

The subject turned the switch to "on" and "off" as required. 
At the completion of cleaning she propped the equipment held in her 
hands (the wand) against the wall and stood in place. The special 
purpose cleaner was removed by a research worker as quickly as pos­
sible after the subject had completed the task. 

To clean the riser the nozzle was placed against the riser and 
moved upward. This stroke was repeated with a slight overlap until 
the riser was cleaned. The number of strokes varied with the tool 
used due to the variation in width of nozzles. For the special purpose 
cleaner seven strokes were used; for the tank type, four strokes~ and 
for the upright with attachments, five strokes. To clean the tread 
the nozzle was placed at the junction of riser and tread moved forward 
to the nosing. The same number of strokes was used for the tread as 
had been used for the riser and varied with the tool used as indicated 
above. In cleaning treads with the upright only three strokes were used. 

In using the hand tools, dust pan and whisk broom, the procedure 
was varied in order to collect the soil on each step. The riser was 
cleaned in a horizontal direction without collection of soil and the 
tread, with collection of each stroke of the whisk broom from back 
to front. At the conclusion of cleaning the tools were placed on the 
bottom step. 

In washing the stair with vinyl treads the subject ascended ten 
steps and set the pail of water on this step. The riser was cleaned 
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by wiping across using a circular hand motion. The tread was cleaned 
by wiping across in a horizontal direction. The cloth was rinsed and 
excess water wrung out and the procedure repeated. The pail was 
moved each time a step was descended. 

Rate of work was not controlled and as a result the time spent 
in completing a task varied among subjects. 

Results 

The data for energy expenditures when using the four tools com­
mon to stairs with both coverings were analyzed by analysis of variance 
to determine differences in energy expended when using the various 
tools. 

Carpeted Stairs 
The energy expenditures in Calories per minute of each subject 

for each tool are given in Table 4. Considering the five tools used 
in cleaning carpeted stairs it may be noted from Figure 14 that the 
energy cost per minute was greatest when the upright without attach­
ments was used. Although only the treads were cleaned the subject 
was required to lift the tool ( 18 pounds) from step to step and in mov­
ing across the tread as well. To manipulate this tool in working on 
a stair required a certain rigidity of the body not required in the use 
of the other power driven tools with the wand. Of the remaining 
four tools, the use of the upright with attachments required the greatest 
expenditure. The sweeper was carried both up and down the length 
of the stairs because the hose was not long enough to clean all steps 
with the tool in one position. Its greater weight ( 21 Y,. pounds as com­
pared with the special purpose with wand and brush, 6% pounds, and 
the tank with wand and large floor brush, 19 pounds) may account 
partially for the increased expenditure over those of the other power 
driven tools. The energy cost was least when the special purpose 
cleaner was used. The fact that fewer steps were taken, the cleaner 
weighed less and the weight was supported from the shoulders may 
be factors in the reduction in energy expenditure. 

The energy expended in using the hand tools, whisk broom and 
dust pan, was greater than that expended by using the motor driven 
ones with the exception of the upright with attachments. The subject 
stood upright with only a slight body bend when using the power driven 
tools but the body bend increased considerably when the hand tools 
were used. Ray ( 13) observed that women spent more energy in 
cleaning floors on hands and knees than when cleaning with tools (hand 
and motor driven) when the women stood upright. 

20 



TABLE 4.-Energy Expenditures in Calories Per Minute of Ten Sub-
jects While Cleaning Carpeted Stairs with Five Tools. 

Tools used 

Whisk Special Upright & 
Subject broom purpose Tank attachment Upright 

A B c D E 

L.S. 3.718 2.844 3.150 2.741 2.845 

E.H. 1,507 2.459 2.906 3.232 3.351 

L.G. 2.941 2.657 3.887 3.585 3.004 

D,P. 3.360 2.595 2.695 3.255 3.699 

J.B. 3.319 2.523 2.582 3.216 3.047 

D.R. 3.230 2. 710 3.049 3.521 3,596 

H.C. 3.631 3.204 3.065 3.387 3.525 

J.D. 3.293 3.403 3.366 3.612 3.467 

n.G. 3.465 3.263 3,524 3.625 3.783 

B.K. 3.209 2.009 2.678 2.553 2.936 

Average 3.167 2. 76 7 3.090 3.273 3.325 

I 
SPECIAL PURPOSE I 
TANK I I 
WHISK !BROOM AND !JUST PAN I 
UPRIGHT :SWEEPER AND ATTACHMENTS I 
UPRIGHT SWt=EPER I 

I I I 
0 0.5 /.0 /.5 2..0 2.5 3.S 

CALORIES PER MINUTE 

Fig. 14.-Average energy expenditures of women cleaning a car­
peted stair using different tools. 
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The time spent by each subject in cleaning the carpeted stairs 
with each tool is shown in Table 5. The least mean time was spent 
in cleaning with the upright. As has been already stated, only the 
treads were cleaned with this tool and only three strokes were used 
which may explain in part the shorter time used. The mean time was 
greatest when cleaning with the special purpose machine. This type 
had a smaller nozzle and required seven strokes to clean each tread 
and riser, as compared with four for the tank and five for the upright 
with attachments. 

The amount of time spent by one subject exceeded that spent by 
one other by 1 00 percent or more for all tools except the special pur-
pose. In other words, one subject worked at least twice as fast as 
one other in the group when using each of four of the five tools. 

TABLE 5.-Time Spent in Cleaning Carpeted Stairs with Five Tools. 

Tools used 

Whisk Special Upright & 
broom purpose Tank attachment Upright* 

Subject A B c D E 

min sec min sec min sec min sec min sec 

L.s. 5 58 6 49 6 49 9 13 5 5 

E.H, 4 35 8 34 6 55 7 50 3 3 

L.G. 7 2 6 48 7 30 8 3 3 41 

D.P. 5 36 6 21 5 3 5 58 2 32 

J .B. 5 15 8 27 6 55 7 8 3 13 

D.!t. 8 16 6 7 4 4 4 51 2 7 

H.C. 8 48 7 45 8 58 8 57 4 3 

J.D. 4 17 5 6 4 57 5 31 2 55 

B.G. 2 40 4 55 4 2 4 2.5 2. 40 

B.K. 6 26 9 22 5 58 6 43 4 30 

Average 5 53 7 1 6 7 6 52 3 23 

*Treads only were cleaned with this tool , 
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TABLE 6.-Energy Expenditures in Calories Per Job for Ten Subjects 
Using Five Tools on Carpeted Stairs. 

Tooh Use( 

Whisk Special Upright & 
broom purpose Tank attachment Upright 

SUbject A B c D E 

L.s. 22.196 19.:396 21.48:3 25.272 14.453 

E.H. 6.902 21.074 20.110 25.307 10.221 

L.G. 20.675 18.068 29.152 28.859 11.055 

D.:P. 18.816 16.478 13.610 19.432 9.358 

J.B. 17.425 21.:319 17.867 22.930 9.811 

D.R. 26.712 16.585 12.409 17.077 7.624 

H. C. :31.953 24.831 27.493 30.314 14.276 

J.D. 14.094 17.:355 16.662 19.938 10.124 

B.G. 9.252 16.054 14.202 16.022 10.101 

B.K. 20.6:34 18.824 15.988 17.156 13.212 

Average 18.866 18.998 18.898 22.2:31 11.024 

Mean time spent was compared with mean Calories per minute 
expended. Cleaning with the upright required the greatest energy 
expenditure per minute and the least time. Cleaning with the special 
purpose tool required the least energy expenditure per minute and 
the greatest amount of time. 

The mean Calories expended per job (Table 6) ranged from 
11.024 for the upright to 22.231 for the upright with attachments. 
The expenditures per job for the other three tools were 18.866, 18.898 
and 18.998 Calories for the whisk broom, tank and special purpose 
respectively. 

It is probable that most homemakers would make it a practice to 
clean the risers periodically although they might not clean them as 
frequently as the treads. The contrast in energy expended per job 
for the upright and the other tools may not be as great as these figures 
seem to indicate when all factors involved are considered. In fact, 
the upright (without attachments) would appear to be more suitable 
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for cleaning floors than stairs because of the difficulty of handling it 
on the stairs. Swartz ( 16) reported that the total energy cost of 
cleaning rugs with the upright increases with increased speed. The cost 
at y; foot per second was 55.5 Cal/hr/m2 and 146.3 Calories at 4 feet 
per second. 

The efficiency of cleaning with the different tools was not eval­
uated. It is generally agreed that a standard vacuum cleaner is more 
efficient than the small type. The upright with the revolving brush 
and agitator, the model used in this study, had certain advantages 
over the straight suction type. 

Vinyl Treads on Stairs 
The energy costs in Calories per minute of cleaning the stairs with 

vinyl treads are shown in Table 7. The mean Calories expended were 
greatest when the stairs were cleaned with water and a cloth and the 
least when the special purpose cleaner was used (Figure 15). The 
other three mean expenditures came within a comparatively narrow 
range, 3.532 (whisk broom), 3.430 (upright with attachments) and 
3.152 Calories (tank). When the tools used required the subject to 
make greater body bends the energy expenditures were greater. As 
pointed out earlier Ray ( 13) made a similar observation among sub­
jects using different tools in caring for kitchen floors. 

The time spent by each subject in cleaning the stairs with each 
of the five tools is shown in Table 8. The greatest mean amount of 
time was spent in cleaning with the special purpose cleaner and the 
least with the whisk broom and dust pan. As with carpeted stairs, 
the spread in time spent between the slowest and the fastest worker 
was approximately 100 percent, that is, one woman worked twice as 
fast as another in doing the same job. Comparison was made between 
mean time and mean energy cost. The least energy spent per minute 
and the greatest mean time were associated with cleaning with the 
special purpose cleaner. The greatest mean energy expenditure was 
spent when cleaning with water and a cloth and this activity ranked 
third in amount of time used doing the job. 

The energy expenditures per job were calcuated for each subject 
when using each tool by multiplying energy expenditure per minute by 
time spent in doing the job. These values are presented in Table 9. 
The costs of cleaning with the whisk broom and the special purpose 
cleaner would appear to vary more from subject to subject than those 
with the tank and upright with attachments. 
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TABLE 7 .-Energy Expenditures in Calories Per Minute of Ten Sub-
jects While Cleaning Stairs with Vinyl Treads. 

IS!!ills used 
Whisk Special Upright & Cloth 
broom purpose Tank attachment & water 

Subject A B c D H 

J.B. 2.951 2.794 2.907 2.126 3.676 

D.P. 3.697 3.312 3.478 3.814 4.555 

E.H. 4.136 3.328 3.423 3.711 4.633 

L.s. 3.680 2.867 2.925 3.836 4.804 

J.D. 3.678 2.768 3.119 3.345 4.055 

s.s. 3.469 2.666 3.204 3.549 4.105 

D.R. 3.076 2.349 2.553 3.504 3.923 

B.G. 3.304 2.702 3.910 3.864 4.006 

P.R. 3.100 2.078 2.656 2.867 3.429 

w.c. 4.230 2.841 3.348 3.684 5.021 

Average 3.532 2. 770 3.152 3.430 4.221 

SPECIAL PURPOSE. 
TANK I 
WHISK BROOM A ND DUS PAN 
UPRIGHT SWEEP.E R AND ATTACHM NTS I 
CLOTH lAND WA 'ER J 

0 0.5 1.0 /,S 2.0 2.5 3.0 3.5 4.0 

CALORIES PlR MINUTE 

Fig. 15.-Average energy expenditures of women cleaning a stair 
using different tools. Vinyl. 
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TABLE 8.-Time Spent in Cleaning Stairs with Vinyl Treads with 
Five Tools. 

~2211 ll.ltd. 
Whisk Special Upright & Cloth & 
broom purpose Tank attachment water 

Subject A B c D Jt 

min sec min sec min sec min sec min sec 

J.B. 2 45 3 41 5 22 7 29 4 20 

D.P. 5 43 5 11 4 9 5 5 5 25 

E.H. 5 22 5 52 5 18 5 52 5 42 

L.s. 5 30 6 52 5 30 5 9 4 13 

J.D. 5 20 4 31 4 25 4 29 4 3 

s.s. 4 24 7 17 5 25 5 23 6 7 

D.R. 2 27 9 26 6 22 4 59 5 3 

B.G. 2 19 3 40 3 7 3 49 5 49 

P.H. 3 16 5 32 4 8 5 0 3 2 

w.c. 7 57 5 11 3 31 4 2 5 22 

Average 4 30 ' 4' 4 44 ' 8 4 " 
Carpet Versus Vinyl Treads 

An analysis of variance ( 15) of the data on cleaning stairs with 
the four tools used on both types of covering indicated that (a) there 
was no significant difference in energy expenditures between cleaning 
carpeted stairs and those with vinyl treads; (b) there was significant 
differences in expenditures due to tool used; and (c) the tool differ­
ences were constant regardless of floor cover. 

It is probable that the average homemaker would not own all 
three types of power driven cleaners used in this study. If she has only 
one, usually she selects the one best suited to her needs in terms of 
type of covering on the largest area to be cleaned. Many houses today 
are built on the one-floor plan and may or may not have a stairs. If 
they do, it would be a basement stairs and would most likely have 
either no special covering or a hard surface. 
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TABLE 9.-Energy Expenditures in Calories Per Job for Ten Subjects 
Using Five Tools on Stairs with Vinyl Tread. 

Toole ueei 

Whisk Special Upright & Cloth & 
broom purpose Tank attachment water 

subject A B c D M 

J.B. 8.115 10.282 15.552 15.902 15.917 

Jl,P, 21.147 17.156 14.434 19.375 24.688 

E.H. 22.210 19.535 18.142 21.784 26.408 

L.S. 20.240 19.696 16.088 19.755 20.273 

J.D. 19.604 12.511 13.786 14.986 16.423 

s.s. 15.264 19.408 17.366 19.094 25.123 

D.R, 7.536 22.151 16.263 17.450 19.811 

B.G. 7.665 9.916 12.199 14.760 23.315 

P.R. 10.137 11.491 10.969 14.335 10.390 

w.c. 33.628 14.716 11.785 14.847 26.953 

Average 16.555 15.686 14.658 17.229 2J.9Jl 

These data may be useful in deciding between use of hand tools 
and motor driven ones in cleaning stairs when energy expenditures 
need to be kept at a minimum. 

In other cases these data may be useful in deciding between satis­
faction in the cleaning results and energy costs with the different tools. 

OBSERVATIONS OF FACTORS RELATED TO 
ENERGY EXPENDITURES 

As this series of studies progressed an effort was made to gain as 
much information as possible on factors related to energy expenditures. 
Among these factors were: (a) length of recovery period; (b) effect of 
a standardized meal; and (c) rate of work. 

In the study of bed making the partial method of determining 
energy expenditure was used. The subject experienced a warm-up 
period to attain a physiological steady state. Then the volumes of 
expired air were measured during the activity. In the case of stair 
climbing and load carrying the integral method was used. The sub-
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ject rested in a sitting position, and then collection was made for 5 
minutes including the activity. Continuation of collection following 
the activity allows for any oxygen debt that might have been incurred 
during the activity. Five minutes was chosen because it was antici­
pated that recovery would not extend beyond this time. The tasks 
to be studied were of short duration and are generally classed as light 
to moderate activities. Insull ( 6) suggests a period of 5 to 10 minutes 
for recovery. 

In the study of stair cleaning activities the integral method was 
modified to measure the extent of the oxygen debt. The subject rested 
for 5 minutes in a sitting position. The energy expenditure of stand­
ing during three 5-minute periods was determined following this rest 
period and a mean of these observations was calculated. The energy 
cost of the activity was measured, followed by the measurement of 
three 5-minute periods while the subject stood quietly. Then the 
subject rested for 5 minutes in a sitting position followed by the per­
formance of another activity in which the procedure of collection of 
expired air was the same as described above. 

The data from the studies of cleaning carpeted and vinyl covered 
stairs were analyzed to determine the length of recovery period. Com­
parisons of energy expenditure during the activity and total, which 
would include oxygen debt, were then calculated. In measuring the 
energy expenditure of an activity of a duration of less than a minute 
(such as climbing one flight of household stairs which required only 8 
seconds in the case of the study in this laboratory) the above method 
is not applicable. The aliquot of expired air for this short period was 
not sufficient for analysis of oxygen. 

The expenditure values of several activities performed during a 
single morning following the measurements of cost of standing were 
used as an evaluation of the effect of the specific dynamic action of 
the standard breakfast eaten preceding all activities. 

The results of the observations on factors related to energy expen­
ditures are now presented. Mean expenditure during initial standing 
and the expenditures for each of the three periods following an activity 
were plotted and these observations were made. It was obvious that 
the expenditure (a) during the first 5 minutes following an activity 
was greater than that for the subsequent 5-minute intervals and (b) 
that of the initial standing value was similar to those of the second and 
third periods following the activity. Figure 16 is an example. Analysis 
of variance indicated that the Calories per minute expended during the 
first 5-minute period following an activity were significantly higher 
than those expended in the second and third periods. Furthermore 
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WHISK BROOM SPECIAL PURPOSE TANK 

MEAN INITIAL STANDING 
FIRST RECOVERY 
SECOND RECOVERY 
THIRD RECOVERY 

UPRIGHT 
ATTACHMENT 

UPRIGHT 

Fig. 16.-Energy expenditure of a subject during initial standing 
and recoveries following cleaning of carpeted stairs with each of five tools. 

an analysis showed that the mean Calorie expenditure of standing 
(before the activities) and that of the second and third periods follow­
ing the activities did not differ significantly. These analyses would 
indicate that the difference between the expenditure of initial standing 
and that of the first 5-minute period following represents oxygen debt. 
This amount added to the expenditure determined for the duration 
of the activity represents the total cost. Data for 20 subjects for four 
activities showed that the oxygen debt was from 6.61 to 10.32 percent 
(mean 8.23) of the Calories expended during the activity. The expen­
ditures of these activities were in the range of 3 to 4 Calories per minute. 
Expenditures during the activity and total (including oxygen debt) 
are given in Table 10. 

The Calories expended during standing for the initial period and 
those during the second and third periods following an activity were 
plotted in order of time performed regardless of activity in order to 
evaluate the effect of a standardized meal. There was no consistent 
pattern in an increase of expenditures in successive periods. Figure 
17 shows the group average expenditures. The statistical analysis 
showed the difference to be nonsignificant. 

Elliot and Patton ( 5) point out that no effort was made to control 
the rate at which the women worked. In the stair cleaning activities 
the subjects were asked to complete the job using a prescribed method-
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TABLE 10.-Energy Expended in Calories per Minute in Cleaning 
Stairs During Work Period and Total Including Oxygen Debt. 

'I Uprir;ht & 
ii Whiek brooa ! Special purpose Tank .A.tta.cbment 

Subject 
Work I , 

perio& j Total :: 
Work I 

perio& Total 
Work I 

pericd Tota.l 
l(ork I 

period Tota.l 

calories per minute carpeted stairs 

L·S· 5·718 4-526 2-844 5-165 5-150 5·527 2-741 2.884 

E·R· 1·507 1-678 2·459 2-598 2-906 5·121 5·232 5·~5 

L.G. 2·941 3.134. 2-657 2.8;6 3·887 4-474 5·585 5·958 

D.P. 5·360 ,.1,9 2·595 2-878 2.695 2-945 5·255 5·597 

J.a. 5·,19 ,.641 2-525 2.64o 2·582 2·716 ,.216 5·216 

D·R· 5·2,0 ,.585 2·710 2.986 ,.049 ,.,24 3·521 3·912 

ll..C • ;.6;1 ,.916 ,.204 3·505 ,.065 3·237 3·387 3·594 

J.D. 3·293 3•5'-' ;.4o; ;.625 ;s.}66 ;.;so ;.612 3·957 

B.G. }·465 ,.969 3-26} ,.500 3·524 ;s.8}6 }·625 4.174 

B.x. ;.209 3·44} 2-009 2o009 2.678 2·678 2·553 2·55.3 

l;vera.ge 3.167 3.496 2.767 2.976 3.090 3.344 3.273 3.521 
Calories per minute stairs with vinyl treads 

J,a. 2·951 .3·;505 2·794 5·014 2·907 3.093 2-126 2·92} 

D.P. ;.697 4.079 ,.,12 5·576 3·478 .3·762 ;.814 4-195 

E·H• 4-1}6 4.462 3·}28 }.462 }·42} }o802 .3·711 3·878 

L.s. ,.680 .3·968 2.867 ,.116 2·925 3·096 ;.8,6 4.089 

J,D. }·678 4.04; 2.768 2.851 '·119 3·}16 3.345 3·532 

s.s. ;.469 ;.a, 2.666 2·953 ;.204 }.446 3·549 ;.610 

D·R· }·076 .3·151 2.;~>49 2.457 2·553 2·55.3 .3•504 ;.631 

B.G. ,.,a4 3·743 2·702 2·981 ,.910 4.;74 ;.864 4.177 

PoH• ,.100 3·520 2·078 2.2,7 2·656 2.821 2.867 ;.148 

w.c. 4.2;50 4.699 2.841 ;.098 3·.348 ;.437 3·684 ,.841 

Average 3.532 3.880 2.770 2.974 3.152 3.370 3.430 3.702 
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Fig. 17.-Expenditure in calories per minute of initial standing and 
the mean of second and third recovery periods following each activity in 
order of performance !1-5) during a laboratory period. 

ology such as number of strokes, working from left to right and right 
to left without regard to the time required. Figure 18 shows the Cal­
ories per minute expended by 10 subjects during the cleaning of car­
peted stairs with a whisk broom and dust pan during each of three 
5-minute periods following the activity. They are arranged in order of 
expenditures from greatest to least. The time spent in performing the 
the activity in minutes and seconds is inserted on the column repre­
senting the expenditure during the activity. It may be noted that there 
appeared to be no relationship between rate of work and Calorie expen­
diture. Recovery for subject B. G. who spent the least time ( 2 min. 
40 sec.) did not appear to be attained at the end of 5 minutes, at least 
to the degree that it was for the other subjects. She completed the 
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Fig. 18.-Energy expenditure in calories per minute during work period and three 5-minute recovery periods 
for 1 0 women cleaning a carpeted stair. The figures in the first bar for each subject represent time spent. 



cleaning tasks with five tools in less time in four out of five cases than 
any other subject. In two of the five cases she used the most energy; 
in two cases, second highest and in the fifth case (whisk broom and 
dust pan), third highest. In the latter case, if cost of recovery was 
added to that of the activity for B. G. as well as the other subjects she 
would have been second highest. In only the one case, following the 
use of the whisk broom and dust pan, did recovery for B. G. appear 
to continue beyond the first 5-minute period although Calories ex­
pended during an activity were greater in three other cases. More 
information is needed on rate of work and time spent in an activity 
or activities in relation to energy expenditures. In the average house­
hold, the homemaker moves from one activity to another without in­
tervening rest periods. The practice of multiplying time spent in 
various activities by the average Calorie requirement of each of these 
activities may need to be re-evaluated. 

Average values are often used in making recommendations con­
cerning activities of individuals with physiological limitations. Perhaps 
one of the more common restrictions is that of stair climbing imposed 
upon patients with heart impairments. The average energy expen­
diture of stair climbing obtained in this study would place either as­
cending or descending a household stairs in the class of light to moderate 
act1v1ty. These values apply to the conditions of this study in which 
the subject made a single ascent or descent of an average household 
stair preceded by a rest while sitting. 

Karpovich ( 7) states, "If exercise is moderate and uniform, the 
oxygen intake rises gradually and then, in a minute or two, levels off 
and remains at this level for the duration of the exercise ... During 
this state, the oxygen intake is equal to the oxygen expenditure." 

During these series of studies observations were made of energy 
expenditures during standing in the morning following breakfast and 
in the afternoon following lunch. Five subjects were observed at both 
periods and the mean expenditure in the morning was 1.112 Calories 
compared with 1.229 in the afternoon. Variations among subjects 
would appear to be greater than that between morning and afternoon. 

The observations made on factors related to energy expenditures 
have given indications of possible answers to questions that arise from 
time to time in studies of energy expended in household tasks. 
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SUMMARY 
Energy expenditures of women performing certain household tasks 

were observed under laboratory conditions. The activities were: bed 
making; stair climbing with and without loads; and cleaning of stairs 
covered with hard surface and soft materials. In addition, certain 
observations were made dealing with factors related to energy expen­
ditures. 

A detailed report of the procedures used in estimating energy 
expenditure by the indirect method of calorimetry has been presented 
in Research Circular 121. 

Four subjects made beds adjusted at heights of 20, 23, 26 and 30 
inches; by two methods with bed at heights of 20 and 26 inches; and in 
free and confined space with bed at heights of 20 and 26 inches. The 
data indicate that (a) the height of the bed was inversely related to 
energy expended; (b) method of making the bed and energy expendi­
ture were not related; (c) space allotments and energy cost were not 
related. 

Four subjects climbed three sets of stairs corresponding in pitch 
to those that might be found in homes, including a basement stair, 
a first to second floor type, and one suggested by architects where 
neither space nor cost presents a problem. 

The average energy cost of ascending was significantly greater than 
that of descending, 1.561 and 1.336 Cal/min respectively. The anal­
ysis of variance indicated that the energy expended in climbing the 
stairs of the three pitches did not differ significantly. 

A group of ten young women ( 26 to 36 years of age) each carried 
a basket of clothes, an upright sweeper, and a doll, each weighing 16 
pounds up and down stairs. There were no significant differences in 
expenditure due to load. The mean expenditure of ascending was 
1.621 Cal/min as compared with 1.495 Calories while descending and 
the difference was significant at the 5 percent level. The increase in 
expenditure for ascending was 60 percent above that of standing and 
for descending, 41 percent. 

Another group of 10 women (63 to 73 years of age) was observed 
while carrying the same loads as the younger women. Five of the 
older women were less than 20 percent above their suggested weight 
for height and the other five were more than 20 percent above. The 
heavier women spent more energy than the lighter weight women; the 
difference while not significant at .05 was significant at .16. When 
data were calculated to Cal/kg and analyzed the difference in energy 
expended by the two weight groups was not significant. Loads and 
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direction (ascending and descending) were both significant factors 
in Calorie expenditure but there was no interaction of these two factors. 
Mean Calories per minute were 1.532 for no load; 1.776 for basket 
of clothes; 1. 718 for upright sweeper; 1.631 for doll ( L. S. Do~ =.059). 
The mean cost of ascending, 1.797 Cal/min was significantly greater 
than that of descending, 1.532 (P< .01). 

The older women required more Calories than the young women to 
ascend the stairs irrespective of loads. The difference in Calorie 
expenditure between the two age groups was less for the descent than 
the ascent. There was no difference between the expenditures of the 
two groups in descending while carrying the doll. 

Ten women cleaned stairs covered with a soft material (carpet) 
and with a hard surface material (vinyl treads) using five tools. Four 
of the five were used on both coverings. A fifth tool, different for 
each covering, but appropriate for the covering was used. The four 
tools consisted of three motor driven cleaners, i.e. a special purpose, a 
tank and an upright, and the fourth a whisk broom and dust pan. 
Analysis of variance of the energy expended in cleaning the stairs 
indicated that there was a significant difference in energy expended 
due to tool use. The expenditures using the upright with attachments 
were 3.273 and 3.430 Cal/min when cleaning stairs with carpet and 
vinyl treads; using the special purpose cleaner, 2. 767 and 2. 770 Calories 
per minute respectively. The difference due to covering was not 
significant. 

The energy expended in cleaning both types of coverings with hand 
tools was greater than that expended in using the motor driven tools 
with the exception of the upright with attachments on carpeted stairs. 

Time spent in cleaning both types of coverings and with the four 
tools by one subject exceeded that spent by one other by 100 percent 
or more. 

An effort was made during these studies to measure, directly or 
indirectly, the effects of certain variables that may account in part 
for differences in expenditures reported by various workers. Those 
studied were length of recovery period, effect of a standardized meal 
and rate of work. 

Recovery from oxygen debt was attained within 5 minutes and 
amounted to approximately 8 percent of the Calories expended during 
the task. 

Calories expended during standing at intervals during 3 to 4 
hours following breakfast were compared to measure the effect of 
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eating. There was no consistent pattern (increase or decrease) in 
expenditure in successive periods and the differences were not signifi­
cant. 

Calories per minute expended by the 10 women in cleaning the 
stairs with a whisk broom were arranged in order of expenditures from 
greatest to least. When time spent in performance of the task was 
associated with the expenditure there appeared to be no relationship 
between rate of work and Calorie expenditure. 

RECOMMENDATIONS 
In the estimation of energy expenditures of household tasks con­

sideration should be given to the conditions under which the homemaker 
will perform these tasks. The values reported in this bulletin are 
based on observations for tasks performed as an entity without relation 
either to other tasks performed during the day or for the same tasks 
performed more than once. 

In the average household the homemaker either goes immediately 
from one task to another or performs the same activity several times 
or for longer periods of time than were the cases in these studies. The 
present method of adding expenditures for individual tasks may not 
give a true value of the energy cost of performing the day's tasks. 
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APPENDIX 

TABLE 11.-Pertinent Data for Ten Young Women Who Carried Loads 
on Stairs. 

Basal 
metabohc 

Height Weight Age rate* 
SubJect Inches Pound Years Gal/min 

E.l!. 64.17 140.50 31 0.950 

G.C. 64.96 149.00 34 0.930 

I'.S. 66.54 132.25 27 0.895 

J.a. 65.35 117 .oo 31 0,952 

l'.H. 65.35 125.00 26 0.881 

J.h. 66.14 125.00 27 0.988 

J.B. 63.39 130.50 32 0.936 

R.C. 63.78 125,00 34 0.811 

L.S. 63.78 137.12 36 0.862 

s.o. 63.78 119.00 28 0.827 

Average 64.72 130.1.)4 31 0.903 

•Deter1111nei on Benedict-Roth apparatus. 
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TABLE 12.-Pertinent Data for Ten Older Women Who Carried loads 
on Stairs. 

Basal 
metabolic 

Height Weight Age rate"' 
Subject Inches Pourxl. Years Cal/ min 

A.B. 61.42 118.00 66 0.775 

E.K. 64.57 128.00 64 0.740 

M.K. 63.58 184.00 73 1.129 

u.:{. 66.14 144.00 65 0.954 

A.E. 63.38 182.00 64 0.944 

R.P. 61.32 136.50 67 0.828 

E.~1. 63,38 144.50 67 0.856 

C,B. 61.42 124.00 63 0.786 

R.B. 62.99 159.50 64 0.942 

H,K. 64.96 157.50 68 0.954 

Average 63,32 147.80 66 0.891 

*Determined on Benedict-Roth apparatus. 

TABLE 13.-Pertinent Data for Young Women Who Climbed Stairs. 

Basa 
metabolic Average 

Height. Weight. Age rate* st.atlding 
Subject Inches Pound Years Ca1/min Cal/ min 

s.s. 65.20 130.08 25 0.927 1.246 

J.D. 65.16 136.16 30 0.895 1,154 

E.H. 63.90 145,95 33 0.801 1.260 

J.B. 63.82 126.33 34 0.910 1.242 

Average 64.52 134.63 30 0,883 1.226 

*Determined on Benedict-Roth apparatus, 
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TABLE 14.-Pertinent Data for Ten Subjects Who Cleaned Carpeted 
Stairs 

Basal 
metabolic Average 

Height Weight Age rate* standing 
subject Inches Pound Years Call min Cal/min 

L.S. 63.43 135.08 37 0.818 0.991 

E. H. 63.90 143.77 33 0.997 1.184 

L.G, 66.93 130.30 27 0,872 1.105 

D.P. 64.57 140.77 37 0.904 1.060 

J,B, 63.82 133.95 33 0.900 1.218 

D • .tl., 63.50 131.14 39 0.914 1.052 

H. C. 63.46 120.27 40 0,861 1.088 

J.D. 65.16 135,27 30 0.895 1,231 

B,G, 66.69 140.83 27 0,864 1.204 

B.K. 67.32 129.33 27 0.992 1.346 

Average 64.88 134.07 33 0.902 1.148 

*Determined on Benedict-Roth apparatus, 

TABLE 15.-Pertinent Data for Ten Subjects Who Cleaned Stairs with 
Vinyl Treads. 

Basal 
metabolic Average 

Height Weight Age rate* standing 
Subject Inches Pound Years Ca1/min Ca1£min 

J.B. 63.50 131.89 34 0.910 1.230 

D.P. 64.09 143.58 38 0.843 1.308 

E,H, 63.90 134.20 34 0.798 1.288 

L.s. 63.58 135.58 38 0.831 1.326 

J.D. 65.35 130.77 30 0.894 1.326 

s.s. 65.87 127.70 26 0,888 1.317 

D,R, 67,13 143.39 32 0.854 1.381 

B,G, 66.26 131,52 28 0.870 1.254 

P.H, 65.16 129.58 29 0.825 1.153 

w.c. 62.80 137.95 37 0.968 1.204 

Average 64.76 134.62 33 0.868 1.279 

*Determined on Benedict-Roth apparatus, 
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