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Synopsis Previous research has shown that people tend to walk around the speed that minimizes energy consumption

when traveling a given distance. It has further been shown that men and women have different speeds that minimize

energy and that women will choose slower speeds when the activity itself is a high-rate activity (e.g. carrying a load). Here

we investigate what men and women will do when given a high rate walking activity, namely walking on an inclined

surface. Fourteen people (nine men and five women) walked at four speeds on a level treadmill and four speeds on an

inclined treadmill while their metabolic rate, kinematics and core temperature were monitored. Following the data

collection, participants were asked to identify their ‘preferred’ walking speed at each of the conditions. Cost of transport

(CoT) curves were calculated for each individual, and the delta between the preferred and the ‘optimal’ speeds were

calculated. People chose to walk at slightly slower speeds on the level; there was minimal change in the cost to walk at

these slower speeds. Women walked at absolutely slower speeds on the incline than men (P¼ 0.06) and had significantly

larger speed deltas (P¼ 0.02), thus choosing to walk at slower rate speeds. Women also showed a significant relationship

between the rate of activity and core temperature, whereas men did not. This is consistent with other research showing

that women choose behavioral strategies to minimize body temperature changes.

Introduction

In humans’ locomotion there is a curvilinear rela-

tionship between walking speed and the cost of

transport (CoT). Because CoT relationship with

speed is a U-shaped curve, there is a walking speed

that minimizes the energetic cost to travel (minimal

CoT [MinCoT]) (Steudel-Numbers and Tilkens

2004; Wall-Scheffler 2012b). We refer to this speed

as the speed-of-the-minimum-cost-of-transport

(SpMinCoT). In many situations, we expect that

people will try to optimize their consumption of

energy—that is to walk in such a way that the

energy it takes to go a given distance (e.g., to a

specific source of water or food) is minimized. In

fact, various studies have suggested that both

humans (Ralston 1958; Browning and Kram 2005;

Browning et al. 2006; O’Connor and Donelan

2012) and non-humans (Hoyt and Taylor 1981;

Langman et al. 2012; O’Neill 2012) generally select

speeds approximately around their SpMinCoT, ap-

parently choosing strategies that minimize the expen-

diture of energy during locomotion. Minimizing

energetic expenditure during an habitual task sug-

gests a number of interesting possibilities—namely

that there are physiological and/or kinematic mech-

anisms by which creatures detect this energetic opti-

mum, and that these mechanisms or cues are

available essentially in real time (Snaterse et al.

2011; O’Connor and Donelan 2012), despite the

fact that the expenditure of energy likely is actually

monitored over a much longer period of time.

Additionally, these mechanisms have likely under-

gone selection, which means that they are potentially

‘‘tuned’’ very sensitively to some physiological or ki-

nematic cue.

Elegant work by Donelan et al. (2001, 2002, 2004),

O’Connor and Donelan (2012), Pagliara et al.

(2014), and Snaterse et al. (2011) has suggested
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that the width of the step, in particular, offers

important clues to the energetic expenditure of walk-

ing, and that people prefer a particular width of step

for a particular task. Additionally, the variance of

step-width (Kuo 1999; Donelan et al. 2001) changes

both an individual’s interpretation of what the

person is doing, as well as the energetic costs that

manifest. Other kinematic variables have been impli-

cated in minimizing the expenditure of energy, and

in cues for optimality, including the frequency of

stride, particularly for the energetics of running

humans (Moholkar and Farley 2006; Snyder and

Farley 2011). It seems clear that a body learns

through specific proprioceptive pathways and feed-

back systems how to coordinate the limbs in such a

way that an energetic ‘‘optimum’’ can emerge.

Additionally, there is physiological evidence for

additional cues as well, particularly through thermo-

regulation which is carefully monitored in real time

by a set of hypothalamically coordinated systems.

If a body’s heat load is not dissipated at a rate

equal to its production, core temperature can rise

to threatening levels (Roepke et al. 2010). The rate

at which activity can be carried out is therefore

limited by the rate at which metabolic heat can be

effectively regulated (Speakman and Król 2010).

It has been shown that substantial heat loads

are correlated with increased perceptions of exertion

(Maughan et al. 2007) and decreased performance

(Galloway and Maughan 1997; Drust et al. 2005;

Morris et al. 2005) due to changes in brain chemistry

and to compromised integrity of the blood–brain

barrier (Maughan et al. 2007). Thus, the immediate

feedback of body heat at various levels (e.g.,

blood, brain, muscles) may potentially drive

the choice of speed, particularly during challenging

tasks. Studies, for example, of loaded women suggest

that the rate at which energy is used is as important

as the CoT for determining their choice of speed

(Wall-Scheffler and Myers 2013), particularly as the

difficulty of the task, their heat load, and the rate at

which energy is being used increases.

With challenging tasks, such as the carrying of

heavy loads, the rate at which energy is used rises

more steeply with speed, shifting the entire CoT

curve upward (derived as the rate of energy-use di-

vided by speed). As with any curve, there are a va-

riety of components to the CoT curve, and these

components have all been shown to vary with loco-

motor task; specifically, for example, when frontal

loads are being carried, the MinCoT increases, the

SpMinCoT decreases, and the shape of the curve be-

comes more acute, compared with unloaded condi-

tions (Wall-Scheffler and Myers 2013). With this

shift come a number of variables that have the po-

tential of altering people’s behavior. The cost of

walking with a burden was clearly higher, and the

penalty for walking away from the SpMinCoT was

dramatically higher—more so than any penalty for

walking away from the SpMinCoT at an unloaded

condition. This, again, was because of the change in

the curvature of the CoT curve when walking with a

burden (Wall-Scheffler and Myers 2013). Alone this

might suggest that people will choose to walk as

closely to the SpMinCoT as possible. However,

what Wall-Scheffler and Myers (2013) actually

found was that the rate of consumption of energy

(and likely the thermal load that came with high

rates of activities) seemed to drive the choice of

speed as much as did CoT, at least under heavily

burdened conditions. While unloaded, women fol-

lowed the generally accepted trend of choosing to

walk at their optimum (Wall-Scheffler and Myers

2013).

Here a similar question is asked: namely, what will

people choose to do when the task is more difficult

than simply free walking on a level treadmill? In this

case, the challenging task of walking on an incline is

explored both for women and for men to see (1)

how the CoT curve changes with this difficult task

of walking up an incline; (2) whether the deltas be-

tween SpMinCoT and preferred speed are in fact

smaller with more difficult tasks; and (3) whether

men and women make different locomotor choices

during this task. Furthermore, both kinematics and

core temperature were monitored in order to deter-

mine whether shifts in these variables might offer

clues to how people detect the difficulty of tasks

and how they choose their preferred walking speeds.

Materials and methods

Data were collected on nine male (mass:

71.8� 6.5 kg; stature: 174.8� 4.8 cm) and five

female (mass: 59.6� 9.1 kg; stature: 168.3� 8.7 cm)

participants (in non-menstruating follicular phase)

between the ages of 19–33 years (mean¼ 22.5� 3.9).

Nine female participants were recruited, but changes

in their cycle prevented us from using the data from

three of them: they could not verify they were in a

regular follicular phase, which potentially could alter

their metabolism (Solomon et al. 1982), kinematics

(Wojtys et al. 1998), body temperature, and choice

of speed. One other woman had a pathological gait

(she could not dorsiflex her foot) and her data were

not included. All participants signed written in-

formed consent of the protocol which was approved

in its entirety by Seattle Pacific University’s IRB. As
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the protocol was somewhat challenging, participants

filled out a brief survey as to their regular activity.

Participants were required to engage in regular car-

diovascular activity (i.e., 30 min at least three times

per week), and most participants performed cardio-

vascular activity at least 5 days per week. Each par-

ticipant chose four walking speeds related to the

following prompts: as slowly as possible while main-

taining a walking gait; a comfortable stroll; a brisk

walk; and as fast as possible while maintaining an

aerobic walking gait. Participants walked at all four

speeds on a treadmill on both a level and at a 12%

incline, for a total of eight conditions of walking.

Each condition lasted for 5 min, and was followed

by a quiet, seated 4 min of rest. The entire protocol

was conducted on 2 different days, and the order of

conditions had a different randomized order on each

day. On each day following the final rest, participants

were instructed to choose a speed that felt comfort-

able and preferable at both the level and on the in-

cline (a coin was flipped to determine whether

participants chose the level or the incline first).

Participants were able to increase or decrease the

speed of the treadmill themselves until they felt

they had reached their preferred speed. They then

were asked to walk at least 30 s to make sure they

had no further fine-tuning of the speed. Then, they

walked for a further minute while the speed of the

belt and the kinematic variables were monitored. The

speed-display on the treadmill was covered to

remove any potential psychological influence over

choice of speed. The preferred speeds on the 2

days were averaged.

Metabolic rate was measured using indirect calo-

rimetry, via an Oxycon Mobile ergospirometer that

measures breath-by-breath consumption of oxygen

and production of carbon dioxide. VO2 and VCO2

were used to determine the cost of locomotion

(watts) following Weir’s (1949) standard equation.

The final minute of each condition was averaged to

attain a cost for each speed and condition. Speed was

determined for each condition by monitoring the

speed of the belt of the treadmill (NordicTrack �9

Incline Treadmill) with a Timex stopwatch. This

means that we timed 10 rotations of the belt, and

then divided this by the belt’s length. This was done

to insure that any differential movement of the

belt—particularly on the incline—in people of differ-

ent masses would not inhibit our accurate assessment

of the speed–cost relationship. CoT (J/m) was deter-

mined by dividing Watts by the speed. Separate CoT

curves were calculated for the level and the incline

for each participant by fitting a second-order poly-

nomial to the data. The MinCoT, SpMinCoT, and x2

(curvature coefficient) were determined from each

CoT curve.

On the first day of the collection of each person’s

metabolic data, a video was recorded from the pos-

terior of the treadmill to analyze the width and the

time of contact of steps, using Kinovea software. The

camcorder was a Canon VIXIA HD 53X, recording

at 60 frames per second. Markers (2.5 cm in diame-

ter) were placed on the heels of the participants’

shoes to allow for calibration of pixels to metric

measures. The width of steps was calculated as the

horizontal distance between the centroid of the left

and right heels in successive steps. The values used

were the average of a minimum of three steps.

Contact time was measured as the time a foot was

in contact with the treadmill (i.e., the interval of

time between heel-down and toe-off) and the

values used were the mean of three steps by the

same foot. Coefficients of variation (Cv) were calcu-

lated from the means and standard deviations for

each person at each condition and speed for con-

tact-time and step-width in order to compare kine-

matic variability for each person.

Core temperature was monitored using a Vital

Sense wireless monitoring system. Participants swal-

lowed ingestible (disposable) core-temperature sen-

sors contained in a capsule about the size of a

multi-vitamin tablet. The sensors transmit core tem-

perature every minute following activation. It takes

about 30 min for the sensor to stabilize inside the

intestines, so participants waited at least 30 min

before beginning their protocol.

All statistics were calculated using SPSS 22.0.

Curve variables (SpMinCoT, MinCoT, curvature

coeffiencient—x2) were compared using ANOVAs.

Because optimal speed (SpMinCoT) and MinCoT

have already been shown to differ for men and

women (Wall-Scheffler 2012b), sex was included in

all models as a fixed factor. Mass was included in

models as a covariate.

Results

The CoT curve varied systematically between the

level and inclined conditions (Fig. 1). For men, the

curve (x2 coefficient) became 18.5% more acute,

SpMinCoT slowed 12.3%, and MinCoT increased

109%. For women, the curve became 107% more

acute, SpMinCoT slowed 9.8%, and MinCoT in-

creased 111.7%. In a single multivariate model in

which the x2 coefficient, SpMinCoT, and the

MinCoT were included as dependent variables, sex

and incline were included as factors, and mass was

included as a covariate, mass and incline were highly
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significant (P50.001 for mass; P50.00001 for in-

cline). Even with mass in the model, sex still had a

marginally significant effect on the model (P¼ 0.10).

The interaction between sex and incline was also

P¼ 0.1. The independent variables had the strongest

effect on the SpMinCoT; the strongest independent

factor was incline (‘‘strongest’’ meaning that it

showed a significant influence on all three of the

dependent variables).

People chose walking speeds that were between

their comfortable walk and their brisk walk

(Table 1). At the level condition, the preferred

speed was exactly between these two, and at the

inclined condition, the preferred speed was closer

to the comfortable walk than to the brisk walk

(Table 1). Males tended to choose speeds that were

closer to their optimum than females did (Fig. 2),

and this became much more obvious at the inclined

condition than on the level (Fig. 3). In a univariate

model with preferred speed as the dependent variable

and the same independent variables as above, sex was

the only variable with a significant influence on the

model (P¼ 0.017). Further analysis using indepen-

dent t-tests showed that women walked at absolutely

Fig. 1 Changes in the average CoT curve for men (black and dark gray) and women (gray and light gray) between a level surface

(diamonds) and a 12% incline (squares). Values are expressed as mean þ/� SD. The optimum is shown as a black triangle, and the

preferred is shown as a black diamond.
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slower speeds at the incline than men (P¼ 0.06) and

had significantly larger speed deltas (P¼ 0.02).

Despite the increasing deltas (between preferred

and the SpMinCoT) for women, there is not a com-

parable difference in the actual cost of walking away

from the SpMinCoT (Fig. 4): on the incline women

dropped an average of 26.1% in speed which only

amounted to a 9.4% increase in cost.

Despite the clear metabolic pattern, the kinematic

pattern was generally inconclusive for the two mea-

sures here (Fig. 5), particularly at the incline.

Although of smaller magnitude, there were no signif-

icant relationships between the amount of variation

between preferred speeds and the other speeds

walked (P40.4 in all cases), possibly due simply to

sample size. The inconclusive nature of the kinemat-

ics may also be due to sex-specific patterns (Table 2),

particularly in the variation in step-width (Cv) at the

preferred speed, which is large in males.

Core temperature showed different sex-specific

patterns relative to the rate of activity. There is no

relationship between the rate of expenditure of

energy and core temperature in males. Females

show a significant negative curvilinear relationship

(P¼ 0.005; R2
¼ 0.253), with the downturn of core

temperature just below the heatshock-protein thresh-

old of 37.78C (Fig. 6).

Discussion

Similar to investigations of loaded or burdened walk-

ing (Abe et al. 2004, 2008; Bastien et al. 2005; Wall-

Scheffler and Myers 2013), this study has clearly

shown significant shifts of the CoT curve in response

to a challenging task. Work on the kinematic shifts

(McIntosh et al. 2006; Chumanov et al. 2008;

Higgins and Ruff 2011) and patterns of muscular

activity (Wall-Scheffler et al. 2010) during inclined

walking also support the extensive metabolic in-

creases found in this study, specifically the doubling

cost of walking up the modest incline (12%) tested

here. Walking on an incline and on variable terrain

generally has been argued to exert powerful selection

pressure on lower-limb morphology (Higgins and

Ruff 2011; Wall-Scheffler 2014), and indeed, any

means of mediating such energetic expenditures de-

scribed here (e.g., by changing the proportions of

limbs) could in fact provide substantial reproductive

benefits (by reallocating energy from mobility to that

available for reproduction) (Ellison 2003, 2008).

In regards to whether people will be more likely to

choose a preferred speed closer to their SpMinCoT

on an incline, rather than on the level, this study

further illustrates the different strategies of men

and women while walking, similar to the results re-

ported in the ethnographic and locomotor literature

(Bentley 1985; Brightman 1996; Chumanov et al.

2008; Wall-Scheffler 2012a, 2012b). Men showed

some accommodation to the increased challenge of

walking up an incline, and changed their walking

speed to be more ‘‘in-tune’’ with their SpMinCoT

during that task. Women however, reduced their

preferred speeds on the incline even slower than

their preferred speeds during walking on the level,

thus increasing the delta between their preferred

speed and the SpMinCoT. There are two interesting

components of this pattern for women. First, women

clearly have the energetic flexibility to accomplish

this slow-down, mostly due to the relatively flat,

wide bottom to their U-shaped optimal walking

curve (Wall-Scheffler 2012b; Wall-Scheffler and

Fig. 2 The mean and standard deviations of the differences

between the SpMinCoT and the preferred speeds on a level

surface and on an incline for men (black) and women (gray). The

dotted line represents the SpMinCoT and the means represent

the reduction in preferred speeds from the SpMinCoT.

Table 1 Speeds maintained during walking

Speed (m/s)

on level

surface

Speed (m/s)

on incline

surface

Slow 8 0.58� 0.07 0.57� 0.06

9 0.65� 0.16 0.57� 0.18

Medium–slow 8 1.00� 0.10 1.03� 0.10

9 0.95� 0.15 0.93� 0.13

Preferred 8 1.18� 0.13 1.06� 0.11

9 1.11� 0.08 0.90� 0.19

Medium–fast 8 1.33� 0.11 1.34� 0.10

9 1.28� 0.14 1.26� 0.17

Fast 8 1.71� 0.10 1.61� 0.14

9 1.71� 0.20 1.54� 0.20
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Myers 2013). A morphological correlate for this

wider U-shaped curve—namely a broader than aver-

age shape of the pelvis (Wall-Scheffler 2012a, 2012b,

2014; Wall-Scheffler and Myers 2013)—also seems to

lend itself to kinematic advantages, including allow-

ing a longer length of stride during challenging tasks

(Wall-Scheffler and Myers 2013). This suite of char-

acteristics means that despite their larger delta be-

tween the preferred speed and the SpMinCoT,

women do not have a comparable increase in

energetic burden as the result of choosing to walk

at speeds below, but not at, the SpMinCoT—they

slow down by 26%, but only experience a 9% in-

crease in cost.

Elsewhere, it has been argued that one of the cues

to initiating the preferred speed may be the rate at

which energy is being consumed (Wall-Scheffler and

Myers 2013) (Fig. 7), possibly relating to the amount

of heat that is built up during high rates of activity

(Jones et al. 2014), and initiating hypothalamic and

Fig. 3 Plots of the cost of locomotion for the different conditions of incline (level and 12%), showing the incline-related shifts in the

preferred speeds of participants. Men are shown in black and dark gray; women are shown in gray and light gray. Values are expressed

as mean þ/� SD. The optimum is shown as a black triangle, and the preferred is shown as a black diamond.
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other neural feedback mechanisms to locomotory

systems (Crandall and Gonzalez-Alonso 2010). It is

clear (Fig. 3), that by slowing down, women are able

to reduce their rate of energy production on an in-

cline substantially, although they do not have the

option of slowing down so extensively as to

remove an increase in metabolic rate entirely. This

is in contrast to the earlier finding comparing bur-

dened and unburdened walking, which showed that

women can in fact slow down to maintain the same

rate while burdened that they experience while un-

burdened (Fig. 7): clearly walking on an incline is

such a substantial task that the rate curves do not

pass each other and some increase in metabolic rate

is inevitable.

Why might reducing a heat burden be of larger

consequence for women than for men? As shown in

Fig. 6, in men there is no relationship with the rate

of activity, whereas in women there clearly is.

Evidences from both morphology and composition

of the body suggest that men and women have dif-

ferent avenues for dumping heat. Since women are

smaller on average (as in the sample here), they have

a relatively larger surface area-to-volume ratio. This

Fig. 5 Boxplots of the coefficients of variation (Cv) for contact-

time (graph A) and step-width (graph B) at each of the five

speeds walked. Preferred speeds always fell between medium-

slow and medium-fast speeds. Circular outliers represent more

than 3/2 times away from the upper quartile (the 75th percen-

tile), or the lower (the 25th percentile). Star outliers represent

the maximum observations when they are three times the box

length.

Fig. 4 Plots of the cost of walking a speed other than the optimal

speed. The dotted black line represents if the costs of walking at

the preferred speed and optimal speed were identical. The solid

black line and dots represent men’s costs at preferred walking

speeds; the solid gray line and dots represent women’s costs at

preferred walking speeds.

Table 2 Sex-specific coefficients of variation for step-width and

contact-time

Step-width Contact-time

Level Cv Inclined Cv Level Cv Inclined Cv

Slow 8 0.91� 1.8 0.62� 0.5 0.04� 0.0 0.05� 0.0

9 0.49� 0.3 � 0.10� 0.4 0.03� 0.01 0.05� 0.0

Medium–slow 8 0.60� 0.3 0.50� 0.2 0.02� 0.0 0.07� 0.1

9 0.21� 0.2 0.64� 0.5 0.02� 0.0 0.03� 0.0

Preferred 8 0.46� 0.3 1.23� 2.0 0.02� 0.0 0.05� 0.1

9 0.26� 0.1 0.29� 0.2 0.03� 0.0 0.02� 0.0

Medium–fast 8 0.36� 0.2 0.57� 0.5 0.02� 0.0 0.05� 0.1

9 0.26� 0.2 0.73� 1.0 0.07� 0.1 0.02� 0.0

Fast 8 0.35� 0.2 0.52� 0.3 0.05� 0.1 0.01� 0.0

9 0.16� 0.1 0.24� 0.1 0.02� 0.1 0.01� 0.0
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means women will be able to dump heat more ef-

fectively than can men (Bergmann 1847).

Additionally, since women both are smaller and

have relatively more fat than men, they also have

absolutely and relatively less body water than do

men (Shirreffs 1999). This is because fat is a hydro-

phobic tissue in which water cannot be stored.

Conversely, men have relatively more muscle tissue

than do women, and as muscle is a hydrophilic

tissue, men are able to store absolutely and relatively

more water than women do (Shirreffs 1999). We will

return to the longer-term consequences of these dif-

ferences below. In the short-term, a consequence of

these differences in shape and composition is that

women tend to rely on cutaneous vasodilation as a

mechanism for dumping heat (Gagnon and Kenny

2012a), and in fact delay sweating until higher rate

activities (Gagnon and Kenny 2011, 2012b). Men

conversely increase their sweat production more

readily than do women (Gagnon and Kenny 2012a;

C. M. Wall-Scheffler, unpublished data), which es-

sentially means that they start sweating at a lower

rate of activity than do women, and can continue

sweating throughout their activity—which leads to

some amount of independence of body temperature

from metabolic rate. Because women will not start

sweating until the rate of their activity is increasing

(Gagnon and Kenny 2011, 2012b), they are at a po-

tentially increased risk for overheating, and as such

may moderate their speed to rate (rather than to

overall cost) more closely than do men.

It should be made clear that this tendency of

women to delay sweating (i.e., sudomotor activity)

will occur in women who are not pregnant, as preg-

nant women have a different strategy (i.e., quick

sweating), thereby preventing overheating and poten-

tial damage to a developing fetus (Smith et al. 1978).

A longitudinal study that compares women’s sweat-

ing across the reproductive life cycle would allow

investigation into how selection may have led to

these different strategies. While it is clear that most

of the time women try to protect their water balance,

it is also clear that women are protective at all times

of their thermal load—for example, rarely passing

the heatshock-protein threshold of 37.78C
(Ziegert et al. 1999; Molvarec et al. 2010; C. M.

Wall-Scheffler, unpublished data) even in follicular

phase.

This study also investigated the role that kinemat-

ics may play in actually triggering people’s experi-

ences of being near an energetic optimum.

Although the results here are essentially inconclusive,

the literature indicates that people choose energy-

minimizing kinematics from a set of kinematic op-

tions (e.g., different widths of stride) (Donelan et al.

2001; Pagliara et al. 2014), although many of these

results refer to running (Moholkar and Farley 2006;

Mercer et al. 2008; Snyder and Farley 2011;

Miller et al. 2012). Since some of the evidence here

suggests sex-specific patterns of kinematics, this may

cloud any obvious pattern of shifts that are used by

people in determining their preferred speed. Recent

work (Pagliara et al. 2014) on choice of speed sug-

gests that there are long-term and short-term me-

chanical and physiological processes that people use

when determining their preferred gait. Given the dif-

ferent roles of thermoregulation (likely a longer-term

Fig. 6 A plot of core temperature (8C) by watts (the rate of

consumption of energy). Females are represented by gray dots

and males by black dots. There is no relationship between rate of

energy consumption and core temperature in males. Females

show a significant curvilinear relationship (P¼ 0.005; R2
¼ 0.253),

with the downturn of core temperature just below the heat-

shock-protein threshold of 37.78C.

Fig. 7 A plot of the cost of locomotion (Watts) for three dif-

ferent loading conditions (0% body mass, 8% body mass, and 16%

body mass) and shows the load-related shifts in the preferred

speeds of participants (open diamonds). Values are expressed as

mean� SEM; n¼ 20 women per speed-load combination. The

figure is reprinted from Wall-Scheffler and Myers (2013), with

permission from Elsevier. (This figure is available in black and

white in print and in color at Integrative and Comparative Biology

online.)
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process) between men and women, it seems possible

that the choosing of speeds may involve different

kinematic cues for men than for women.

Finally, it is clear that there are additional pieces

of information that people use when making deci-

sions about their speed of walking. Such information

includes the vibration and composition of the surface

on which the person is walking (Racic et al. 2009),

the speed at which the environment moves

(O’Connor and Donelan 2012), as well as with

whom a person is walking (Wagnild and Wall-

Scheffler 2013). Interestingly, women’s flexibility

when changing speed in response to the difficulty

of the task (e.g., rate), does not seem to be at issue

as much when women walk with other people, and

in fact, women seem much more likely to maintain

consistency of speed when walking with others than

are men (Wagnild and Wall-Scheffler 2013), al-

though this clearly varies across ethnographic situa-

tions in which burdened women often slow down

(Bentley 1985; Hilton and Greaves 2004), perhaps

due to the differences between fast and slow response

times in the choice of speed (Pagliara et al. 2014), as

well as to the use of bouts in many populations

(Hurtado et al. 1985). Within contexts of bout-walk-

ing, women take long breaks during which they can

process foods, carry game captured earlier in the day

(Hurtado et al. 1985), and return their body temper-

ature closer to resting—despite their heavy burdens

or the uneven terrain. In this manner, women can

reduce their heat load and maintain energetically op-

timal speeds. Men change their speed more readily

when walking with others, and show a variety of

shifts in speed based on their relationship with

their walking partners (Wagnild and Wall-Scheffler

2013), although in many contexts of foraging,

men walk alone (Lee 1979; Brightman 1996;

Hilton and Greaves 2004). All these changes may

only act in the short-term, however (O’Connor

and Donelan 2012), and what people will do over

a long-term walk in different contexts (i.e., what

will people try to optimize), is an important arena

for future work (Snaterse et al. 2011; Pagliara et al.

2014).
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