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Abstract

Until recently the psychological study of resource-allocation 
behavior has gone surprisingly overlooked. Prior studies using 
Linear Programming as a behavioral model have examined 
behavior using conditions where the objective function had a 
1:1 ratio, meaning the payoff gained from spending resources 
on different choices did not differ. This study presents two 
experiments where the objective function is systematically 
varied. Results show that while participants do respond 
appropriately to changes in objective function, participants 
perform poorly in conditions with non 1:1 objective function 
ratios due to a bias for equal scheduling resources. It is 
suggested that participants have trouble adjusting their 
cognitive representation of objective function from a 1:1 
ratio.
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RESOURCE-ALLOCATION BEHAVIOR WHEN PAYOFF IS NOT EQUAL



Introduction

Each day all of us face problems of resource allocation. 

Should we spend time with our friends or finishing a report 

that is due in two days? Can we afford to eat out at an 

expensive restaurant or do we need this money for household 

repairs? Which stores should we shop at? What should we do for 

dinner? These ordinary decisions of how to allocate our 

resources are actually quite complex. These decisions involve 

taking into account numerous factors. We make judgments 

concerning not only our present needs and desires but also how 

our choices will affect our future. Clearly the topic of how 

people approach these resource-allocation decisions and behave 

when faced with them is one that should be studied by 

psychologists and decision researchers. Oddly enough, until 

rather recently this topic had received relatively little 

attention in the psychological literature.

In order to study a decision process such as resource 

allocation one must have a basis or method for conceptualizing 

such decisions. Fortunately, such a method exists. This 

method, which is commonly used in economics and business 

settings to solve resource-allocation problems, is known as 

Linear Programming (Dantzig 1963). Linear Programming (LP) is 

a mathematical method for determining the optimal allocation 

of resources given known resource constraints and payoffs for 

each choice or expenditure. The behavioral literature on
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resource allocation has used LP as a model for evaluating 

human performance in resource-allocation tasks.

Gingrich and Soli (1984) were the first to experimentally 

examine behavior in a resource-allocation problem. These 

authors had participants define their own goals, conduct a 

cost-benefit analysis, and develop a strategy for a one-time 

allocation of resources in a realistic LP problem. Busemeyer, 

Swenson, and Lazarte (1986) using a hill climbing model to 

study learning in a resource-allocation problem found that 

participants quickly attained the maximum payoff when only one 

maximum was present but performance dropped when more than one 

maximum was present.

Langholtz, Gettys and Fotte (1993) extended the use of this 

LP methodology to include performance over a series of trials 

to examine learning performance as well as performance with 

fluctuating resources. Members of the Coast Guard were asked 

to schedule personnel hours on two patrol vehicles with the 

intention of maximizing the number of patrol hours given 

limited amounts of fuel and personnel hours. Three types of 

problem environments were studied including: certainty, where 

resources did not fluctuate over the course of the problem; 

risk, where resources may have been gained or lost but the 

probabilities of each were known; and uncertainty, where 

resources could be gained or lost but the probabilities of 

each were not known.
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In general participants attained solutions that reached at 

least 75% of the optimal LP solution on the initial trial and 

after eight trials all three groups learned to attain at least 

80% the of optimal LP solution even without any training or 

knowledge of Linear Programming. Participants performed best 

under certainty with consistent performance of at least 90% 

after only three trials and worst under uncertainty with 

performance consistently around 85% of optimal over the eight 

trials. Participants in the risk group performed poorly 

initially but learned to improve over successive trials. By 

the eighth trial the risk group was able to come close to the 

90% optimal performance attained by the certainty group.

Participants in this Langholtz, Gettys and Foote (1993) 

study were also able to recognize when an adjustment in their 

allocations would be needed in order to more effectively 

utilize their resources. Participants allocated significantly 

more resources during the first two days of the four-day cycle 

and then cut back on use during the last two days, even though 

some resource were left unused. Participants also exhibited a 

tendency to schedule resources evenly among the choices even 

when this resulted in poorer performance than relying more 

heavily on one choice.

Langholtz, Gettys and Foote (1994) used a methodology 

similar to their 1993 study, this time examining resource- 

allocation behavior under varying conditions of minimum daily 

allocation requirements, referred to as harshness.
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Participants were again Coast Guard personnel and the task was 

to schedule personnel hours over a three-day scenario to 

either of two boats with limited amounts of personnel time and 

fuel available. Three levels of daily minimums were 

manipulated. Higher minimums meant less margin for error for 

completing the three-day problem. In addition to these 

minimums each group experienced losses in personnel hours. The 

participants knew the probability of a loss occurring. In the 

course of a problem a participant could experience zero, one, 

or two loses in personnel hours available to schedule, which 

would further increase the difficulty of the task.

All three groups were able to attain about 90% of the 

optimal solution when they were able to maintain enough 

resources throughout the problem in order to complete the 

three days. Participants in the harsher conditions completed 

the problem less often than those in the benign condition.

When difficulty was high or when there were multiple losses 

completion rates ranged from 30% to 53%. While participants 

showed some degree of improvement over the 16 trials, no 

strategic learning was apparent. Participants did not learn to 

effectively prepare themselves for possible losses in harsher 

environment. As in the previous study, participants tended to 

spread their resources evenly between the two boats rather 

than rely more heavily on one boat.

Langholtz, Gettys and Foote (1995) examined resource 

allocation performance under conditions of varying loss and
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gain of resources. The same three-day scheduling problem as 

the 1994 study was used but this time two treatment conditions 

were manipulated, one in which resources could be lost and 

another in which resources could be gained. Participants were 

found to perform similarly in both the loss and gain groups. 

Neither one positioned themselves adequately to be prepared 

for losses or to exploit gains. The conclusion drawn was that 

this inability to prepare for resource changes resulted in 

large part from a tendency to spend resources equally between 

the two boats. Initially the optimal solution could be 

obtained by scheduling both resources equally between the two 

boats but once a gain or loss occurred this was no longer the 

case.

Langholtz, Ball, Sopchak and Auble (1997) extended the 

study of resource-allocation behavior using a more commonplace 

task. This study asked college students to schedule meals over 

seven days given a limited amount of time and money with the 

goal of maximizing their weekly meal consumption.

Several interesting questions were investigated. First, a 

three-dimensional problem (three choices on which to spend 

their resources) was added in addition to three two- 

dimensional problems. Participants were able to obtain similar 

levels of optimality in this three-dimensional problem 

compared with the two-dimensional problems (80-95%).

Second, a commonplace meal-scheduling task using college 

students was used in place of the more technical Coast Guard



problem using Coast Guard personnel. Performance of the 

college students was found to closely equal that of the more 

technically skilled participants used previously.

Third, in the previous studies by Langholtz, Gettys and 

Foote (1993, 1994, 1995) solutions for the problems were true 

continuous linear functions, meaning that fractional values 

could be used in making allocation selections (i.e. hours). 

However, in this new task, solutions could only be obtained 

using discrete integer values (i.e. could not choose half a 

meal). Even with this integer limitation (Integer Programming) 

participants were still able to attain solutions ranging from 

82 to 93% of optimal, which is similar to prior findings with 

non-integer LP.

A fourth goal of the Langholtz et al. (1997) study was to 

systematically test the pervasiveness of the equal scheduling 

tendency prominent in prior work. Three problem scenarios were 

created each of which required a different slope of meal 

selection to attain an optimal solution. Slope refers to the 

ratio of meals selected over the course of the seven-day 

period. An equal allocation of each meal choice would result 

in a slope of 1.0 while selecting all of one meal and none of 

the other would result in a slope of 0. In order to reach the 

optimal solution one problem required that resources be 

scheduled equally between the meal choices (symmetrical), 

equating to a slope of 1.0. A second problem required that all 

resource be allocated to one choice neglecting the other (all
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and nothing) with a slope equal to 0. A third problem required 

that resources be allocated in a two-thirds ratio if the 

optimal solution were to be reached resulting in an optimal 

slope of 1/2. If in the symmetrical problem, a slope of 1.0 

were found, indicating equal use of both choices, and if 

slopes significantly closer to 1.0 than the 0 or ^  slopes 

needed to reach optimality for the all-and-nothing and skewed 

problems respectively were found, the conclusion that a 

significant bias for equal scheduling resources exists would 

be valid. Results consistent with this conclusion were found: 

mean slopes were not significantly different from 1.0 and 

significantly different from M. and 0, the optimal slopes for 

the skewed and all and none conditions respectively.

An optimal solution can be portrayed in two ways — either in 

numerical units of dollars spent and meals obtained, or in 

graphical Euclidean units when a problem solution and a 

participant's choice behavior is graphed. The fifth concern of 

the Langholtz et a l . (1997) study was to determine whether

participants strived to reach a solution that was numerically 

close to optimal in terms of payoff (number of meals obtained) 

or rather sought to reach a solution that was close to optimal 

in terms of Euclidean units when portrayed graphically. The 

study concluded that maintaining proximity to an optimal 

solution in terms of percent of optimality better represented 

behavior than maintenance of Euclidean distance from optimal.



Significantly less learning occurred in this Langholtz et 

a l . (1997) study than in previous research. This finding was

apparently due to the fact that initial performance was 

already about 8 8% of optimal leaving less room for improvement 

than previous studies where initial performance was 

approximately 80%. The more commonplace intuitive nature of 

the meal-scheduling task may account for this finding.

Ball, Langholtz, Auble, and Sopchak (1998) examined 

strategies used by participants as they perform resource- 

allocation tasks. The study used a meal-scheduling problem 

similar to that used by Langholtz et al. (1997) and recorded 

verbal protocols of the participants self-reported thought 

process. Analysis of these protocols revealed two basic 

strategies employed by participants.

The first strategy which was used by 21% of participants 

was defined as a Solve-and-Schedule (SAS) strategy. Use of 

this strategy involved careful calculation of the average 

daily -meal consumption that would be needed to use all of the 

allotted resources followed by determining the combination of 

meals that best consumed these daily allotments. Errors in 

this solution were then calculated and adjusted accordingly. 

When these calculations produced an acceptable solution actual 

scheduling of meals was initiated.

The second and most predominant strategy (used by 7 9%) was 

defined as a Consume-and-Check (CAC) strategy. This strategy 

involved less precalculation and more trial and error
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behavior. Participants who used this strategy initially chose 

meals while satisfying daily constraints and then checked to 

see how many days were left in the problem and how much of the 

resources remained. Simple calculations were made to try and 

use up the remaining resources near the end of the week. Use 

of the CAC strategy, where experimenting with different 

outcomes was performed on the fly, resulted in much more 

variability and learning than with the SAS strategy, where 

solutions were experimented with and refined prior to actual 

scheduling of resources.

All of the aforementioned studies investigated resource- 

allocation behavior when the payoff gained from spending 

resources on one option over the other did not differ. Equal 

payoff refers to the fact that selecting one choice over the 

other provided no difference in benefit or value. No special 

privilege was gained by selecting one boat over another and no 

increased satisfaction was awarded for choosing one meal over 

another. Selection of expenditures was only to be based on 

utilizing a maximum amount of resources spent on any 

combination of choices.

In real life we seldom find ourselves having no preference 

for one option over the other. Given unlimited resources we 

would very likely choose only the options we most desire. We 

would all drive Porches, vacation in the Bahamas, eat lobster 

several times a week and somehow manage to fit in eight hours 

of personal time everyday. Unfortunately, we do not have an
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unlimited amount of time or money and are forced to select

options that fit within our budget and schedule, not what our

heart most desires. We may opt to eat ground chuck over fillet
*

minion, or vacation in Quebec instead of France, not because 

we prefer these choices but because they are all we can 

afford.

Ones' choices are seldom based simply on getting the most 

"stuff" one can afford. Less of something that is more valued 

may be much more satisfying than a great deal of something of 

less value. Having lobster one night a week even though it 

means skipping two meals that week may bring much more 

satisfaction than having two extra meals at McDonalds. When 

one spends extra money to get a Ford Mustang instead of an 

Escort or decides to walk to work through the park instead of 

saving time and taking the bus we would not say that this 

person is wasting time or money, but rather is maximizing the 

satisfaction he or she receives from the allocation of 

resources.

The intention of this study is to extend the current 

literature on resource-allocation behavior by examining how 

individuals schedule resources when the payoff for given 

choices is not equal. In terms of LP terminology this means 

changing the slope of the objective function from a value of 

-1 (1:1 ratio) to a value different from -1. In the previous

studies the benefit or payoff associated with a particular, 

choice did not differ. For example, the value of a restaurant
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meal equaled that of a home cooked meal. The payoff ratio of 

these two choices was 1:1. Graphically, this 1:1 ratio 

produces an objective function with a slope of -1. This 

objective function is then used to obtain an optimal solution, 

to the given problem. When the payoff values associated with 

given choices are not equal the slope of this objective 

function would not be -1 but would be equal to the ratio of 

the values associated with the choices. For example, if the 

value of a restaurant meal were twice the value of a home- 

cooked meal, the ratio of these choices would be 2:1 which 

would give the objective function a slope of -2 or -1/2 

depending upon which axis each choice is graphed. This 

different objective function creates an optimal solution that 

is different from that obtained when the payoff line has a 

slope of -1. Figure 1 graphically presents this.

This study presents two complementary experiments directed 

at understanding how people respond to changes in payoff when 

allocating resources. In the first experiment payoff is the 

subjective value of meal satisfaction and in the second 

experiment payoff is a more objective value of monetary 

profit. Both experiments are set up identically in LP space 

and include three groups that differ only in objective 

function, -1, -2, -3 (from here on referred two as groups 1,

2 and 3 respectively). In addition to serving as the first 

psychological study to examine resource-allocation behavior
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under varied objective functions, a number of important 

questions will be answered.

In life payoff generally is one of two categories, 

objective or subjective. Objective payoff includes concretely 

defined and conceptualized values, such as money, that remain 

fairly consistent in value from person to person. Subjective 

payoff involves values that are less universally definable but 

reflect more personal preferences, such as meal preference. 

Both of these conceptualizations of payoff are relevant to 

resource-allocation behavior and a complete examination of how 

changes in payoff affect behavior should include the study of 

both of these aspects. Will resource allocation be similar 

when objective function is defined subjectively verses 

objectively? Will changes in resource allocation that may 

accompany changes in objective function be consistent from a 

subjectively defined objective function to an objectively 

defined one? Will participants be less likely to equally 

allocate resources when objective function is objectively 

defined?

Do participants appropriately respond to changes in 

objective function? In other words, will participants be 

willing to chose fewer total items (eat or sell less meals) if 

this results in equal or greater payoff (satisfaction or 

profit)? Will this behavior be consistent when objective 

function is subjectively and objectively defined?
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Is equal scheduling a preference or a bias? A tendency to 

equal schedule will affect each group's performance 

differently. The optimal solution for group 1 requires equal 

allocation and hence a tendency to equal schedule would aid 

performance. The optimal solution for group 2 is a range of 

points from an equal-scheduled solution to an all-and-none 

so'lution. Hence, a tendency to equal schedule will not affect 

performance. The optimal solution for group 3 requires all and 

none^selection so a tendency to equal schedule will severely 

hinder performance. By comparing slope of performance in these 

three conditions it is possible to determine whether equal 

scheduling is merely a preference or a bias. Slope refers to 

the ratio of selection between the two choices, an equal 

allocation of both meals would result in a slope of 1.0 while 

selecting all of one meal and none of the other meal would 

result in a slope of 0. If participants simply have a 

preference to equally schedule resources we should see slopes 

for group 2 be closer to an equally allocated slope of 1.0 

than an all-and-none allocated slope of 0 since neither choice 

would affect performance, while group 3 should show slopes 

closer to 0 than 1.0. If it is indeed a bias we should see 

groups 2 and 3 have slopes closer to 1.0 than 0. Hence, 

participants equal schedule even when it reduces performance.

Will differences in performance be affected only by equal 

scheduling biases or will participants encounter difficulty in 

solving an unequal payoff problem irrespective of a need to
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schedule unequally? If performance in group 3 is significantly 

poorer than that for both groups 1 and 2 but performance for 

group 2 is not significantly poorer than group 1 this would 

suggest that it is only an equal scheduling tendency that 

hinders performance when objective function is not -1.

Do participants schedule equally because of an intuitive 

mental representation of a -1 objective function? We will be 

able to more closely examine the possible mental framework 

that leads to an equal scheduling tendency when allocating 

resources. More specifically an equal scheduling tendency may 

be due to participants cognitively representing problems using 

a -1 objective function (hence valuing choices equally). 

Participants may then be reluctant to adjust this mental 

objective function to one that is not -1.

Prior work has examined problems where skewed and all-and- 

none allocation was required for optimal performance 

(Langholtz et a l . 1997). However, in these problems 

manipulating constraints, not changing objective function, 

created the solution. Change in objective function actually 

changes the value of choices while constraints only impose 

limits. If a problem with an all-and-none solution created by 

constraints is not precisely solved before hand there is no 

reason why selection should not initially be relatively equal. 

However, if an all-and-none solution were created by objective 

function this would give initial reason to prefer one 

selection to the other. Participants may initially choose to



select as much of the preferable choice as possible until this 

strategy proves unsuccessful. So, will participants easily 

adopt an uneven objective function that requires an all and 

none solution, or will they be reluctant to use such a 

concept, only gradually changing their performance with 

feedback? If participants do show this gradual change it may 

suggest an intuitive preference for a -1 objective function, 

or rather a bias toward valuing choices equally.

In this study participants not only can get all of the most 

preferable option but must chose all of the most preferable to 

attain optimal performance. If given the opportunity to choose 

all of what is preferable and none of what is less preferable 

will participants easily find this solution or will they 

continue to show a tendency to equal schedule even given the 

opportunity to choose all of what is most desirable? A very 

effective strategy for this problem would be to narrow down an 

optimal solution by finding its boundaries. If participants in 

group 3 used this strategy they would show fairly equal 

allocation in week one and skewed or all and none allocation 

beginning in week two and maintaining this solution through 

week four because it would result in optimal performance. If 

on the other hand participants in group 3 show a more gradual 

approach from equal to skewed allocation it would be further 

evidence that participants are reluctant to give up a 1:1 

objective function representation.
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Experiment 1

The problem scenario employed is similar to that of 

Langholtz et a l . (1997, 2d symmetrical problem), with the

modification being changing the payoff values associated with 

the meal choices. Two meal choices were used, restaurant and 

home cooked. Participants were asked to make meal selections 

given a limited amount of time and money, with the goal of 

maximizing the satisfaction they received from their week's 

worth of meals rather than the number of meals they could 

obtain over a seven-day period. The ultimate goal was to eat 

all of the meal choices that bring the most satisfaction. 

However, if they always chose to eat the most preferred meal 

they would be forced to eat less total meals for that week 

because they did not have enough resource to get all that they 

may have desired.

Because meal satisfaction is a subjective value it was 

important to convince participants that the values associated 

with each meal were valid for this experimental situation. 

Participants must believe that the value preference assigned 

to each meal in the given scenario makes sense to them and 

that given this scenario they agree that one meal choice is 

more preferable than the other. Pilot work has shown that 

participants tend to view the restaurant choice as a more 

preferable meal so scenarios were designed to reflect this 

preference.
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Three different scenarios were created where the ratio of 

payoff between the home-cooked and restaurant meal choices 

varied. Specifically, these conditions included problems where 

the satisfaction value ratios were; one (restaurant)-to-one 

(home cooked), two-to-one and three-to-one (groups 1, 2 and 3 

respectively).

Method

Participants

Forty participants were involved in this study. All were 

undergraduate students between the ages of 18 to 2 0 who 

participated for course credit. Data for two participants 

could not be collected due to computer malfunction.

Apparatus

All materials were presented on a PC computer. A C++ 

program modified from that used by Langholtz et al. (1997) was 

used to create the various scenarios and record responses.

Scenario and design

Participants were given one of three scenarios in which 

meals varied in their desirability. A believable scenario 

consisting of a hypothetical situation where aspects of the 

problem made one choice ostensibly more valued was presented. 

Participants chose either a restaurant meal or a home-cooked
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meal. Participants then made a week's worth of meal selections 

given a limited amount of time and money.

Pros and cons of either selection were presented and 

systematically differed for each group of participants. 

Scenarios were created in which a meal choice was portrayed as 

good, neutral or bad. These ratings were based on factors such 

as availability, meal quality, selection of products, and 

choice of eating atmosphere. The goal was to create a scenario 

in which a preference for one meal over the other was obvious 

and believable given the stated hypothetical situation. 

Combinations of meal descriptions of good, bad or neutral 

created scenarios that differed in meal value ratios. The 

scenarios included; (a) one in which both meal choices were 

described equally neutral, which equated to a one-to-one 

ratio; (b) one in which the restaurant meal option was 

described as a good choice and the home-cooked choice was 

described neutrally, equating to a two (HC) to one (R) ratio; 

and (c) one in which the restaurant choice was described as 

good and the home cooked choice was described as bad, equating 

to a one (HC) to three (R) ratio.

Participants received one of three possible scenarios. They 

were told that it was their goal to gain the maximum amount of 

satisfaction they could from the consumption of meals over the 

course of one seven-day period, and that four separate seven- 

day trials were to be presented in which no resources carried
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over from one week to the next. Satisfaction was a function of 

the type of meal selected as well as the total number of meals 

consumed over a given week. Respective satisfaction ratios 

were presented (e.g. restaurant is worth 2, home 1) that were 

consistent with the scenario given.

Figure 1 displays the problem scenario graphically. Time 

and money constraints create the identical feasible regions 

for each group, within which performance is possible.

Objective function differs for each group creating different 

optimal solutions. For group 1 this solution lies at the 

intersection of the two constraint lines at the point (l'O,

10), and requires and equal selection of meals. For group 2 

the objective function parallels the time constraint line 

creating a solution that is not a point but lies any where 

along the time constraint line from the point (10, 10) to- (15, 

0). Group 3's optimal solution lies at the point (15, 0) 

requiring an all and none selection of meals.

Table 1 was presented on screen to participants as an 

overview of the problem and to help them track their 

performance. Objective functions for each condition, money and 

time constraints, and costs and payoff of meal choices are 

found in appendices A and B, Table 1 and Figure 1.

Scenario:

Participants were presented with this scenario on the

computer screen.

All received:
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"You are a student at a large university. You have a 

work-study campus job for which you are paid with a weekly 

meal allowance. This meal allowance pays you a fixed amount 

of money that you can spend on a variety of possible meal 

choices each week. Meal money can only be spent within a 

one-week period. Money cannot be spent in advance of weekly 

credit, nor does money not spent during a week carry over 

to the next.

There are numerous dining options at this university, 

but these options fall within two types of selections, each 

with set prices and known times for preparation and 

consumption. (For all groups except 1) Each option also 

varies in the satisfaction you receive from each meal, with 

regard to food quality and ease of dining."

Participants received two of the following depending on 

treatment.

Restaurant (R)

Good scenario (R-l):

"The most preferential meal option is eating at a 

restaurant. Numerous restaurant options are available. You 

can get any type of food you desire, (e.g., pizza/subs, 

healthy, vegetarian, Chinese, you name it you can have it). 

There is also a wide variety of dining atmospheres that can 

accommodate your desires no matter what your preferences or 

m o o d . ( e.g. sociable/exciting for eating with friends or 

quiet and subdued for studying or being alone). The food is
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terrific and the service is fast and efficient. In essence 

this meal choice is always the most preferred and the 

fastest, however it is also the most expensive."

Neutral scenario (R-2):

"The restaurant option saves time compared to a home 

cooked meal but it is also a more expensive option."

Home cooked (HC)

Neutral scenario (HC-1):

"The home cooked option is cheaper than the restaurant 

option but takes more time."

Bad scenario (HC-2):

"The home cooking option even though it is cheap is time 

consuming and laborious and not a very desirable meal 

option. It involves buying raw ingredients and preparing a 

meal from scratch. The selection of products at markets in 

your area is not great and it involves considerable time 

and effort to shop for, prepare and clean up after a home 

cooked meal. Your very cramped and limited kitchen makes it 

hard to prepare a very satisfying meal and it is often not 

worth the effort. Hence, this choice is of relatively 

little value to you."

ALL received:

"Your task is to decide how you are going to allocate 

the limited amount of time and money you have to a 

selection of meals that will result in the highest possible 

degree of personal satisfaction."
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Procedure

Participants received the general scenario and then one 

scenario for each meal option. Three groups were created. All 

groups were given the same information concerning time and 

money values for each meal as well as the same total amounts 

of time and money, but each group had a different combination 

of meal scenarios and was given different satisfaction ratios 

for the two meal options that were consistent with the 

scenarios they were presented with. Group 1 received the two 

neutral scenarios R-2 and HC-1 and was told each meal choice 

was equally satisfying. Group 2 received the R-l with HC-1 

scenario and was told a restaurant meal was twice as 

satisfying as a home-cooked meal. Group 3 received scenario R- 

1 and HC-2 and was told a restaurant meal was three times as 

satisfying as a home-cooked meal. All groups were told that a 

minimum of two meals and a maximum of four meals could be 

eaten per day. The computer would not accept values that 

violated these constraints.

Participants were seated at a computer terminal and given a 

verbal overview of the task to be completed. After consenting 

to participate they were asked to read and follow the 

information presented on the computer. Participants were 

randomly assigned to one of the three treatment groups. They 

were then given the general scenario and the specific one 

corresponding to their treatment group along with the task 

directions. They were told that they had as much time as they
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needed to complete the task and ample scratch paper and 

pencils were provided. They were then asked if they understood 

the task and if they responded affirmatively were told to 

proceed with week one. Participants then entered the number of 

meals for day one from each source and continued in this 

manner for seven successive days of allocation. The computer 

indicated how many days remained, how much of the resources 

remained after each day and their choice of each meal to date. 

When participants finished with the seven days the problem was 

reset for a second week. Four separate seven-day problems were 

completed in total.

After the four seven-day problems had been completed the 

participants were quizzed on the nature of the scenario they 

had been given. Questions asked: the ratio of values 

associated with each meal and the goal of the task, to confirm 

that they did understand the nature of the problem; whether 

they had any previous experience with linear programming and 

if so whether they used it in their calculations; and in 

general whether the task and problem situation made sense to 

them.
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Results1

After reading the directions and scenario, participants 

began entering their daily meal selections beginning with day 

one and continuing until day seven of week four. Few

participants chose to use the scratch paper provided. All

participants reported that they understood the task and were 

comfortable with the computer set up. A few asked some basic 

questions about the procedure, such as "what if I made a 

typo", but when answered they continued normally. In the post­

experiment questionnaire only one participant reported knowing 

linear programming but indicated that he did not really use it 

in his selections. All participants where able to recall the 

payoff values for their respective meals and did not report 

any major problems with the task or scenario.

Figure 2 (a-c) shows the mean day-to-day meal scheduling for

each group during weeks one to four. All groups make their way 

from the origin to the constraint lines and toward their 

respective optimal solutions. Group 3 is the furthest from the

optimal solution at the point (15,0). Groups 1 and 2 remain

fairly consistent over weeks one to four while group 3 shows 

improvement.

Computing and comparing optimality.

1 Muachly's test of sphericity indicated unequal variances 
across week. A Greenhouse-Geisser correction was used to 
adjust the degrees of freedom used to determine critical 
values for within groups ANOVA's. —
Within week group comparisons used Tukey's honestly 
significant difference post hoc test, p value's reported are 
from this test.
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Participants were asked to choose meals with the goal of 

maximizing satisfaction. For all of the groups except 1 

satisfaction gained from choosing each meal differed. 

Participants could obtain greater satisfaction, as it was 

defined, by choosing relatively more of the preferred 

restaurant meal. However, because of the resource constraints 

an unbalanced selection of meals results in having to settle 

for eating less total meals over a week. Optimal performance 

is now defined as obtaining the maximum value of satisfaction 

possible for one week's meal selection, not just the total 

number of m e a l s .

Satisfaction was quantified by the ratio of satisfaction 

values of the two meals, which differed for each group. The 

less preferred meal (home cooked) was assigned a value of 1.0 

for all groups and the more preferred meal (restaurant) a 

value of 2.0 for group 2, and a value of 3.0 for group 3. For 

group 1 both the restaurant and home-cooked meal was assigned 

a value of 1.0. Satisfaction obtained was calculated by 

summing the total number of meals after multiplying them by 

their respective satisfaction value.

The maximum satisfaction value that could be obtained 

differed for each group. For group one it was 20 (simply the 

total number of possible meals), for group 2 it was 30 and for 

group 3 it was 45. A percent of optimal was calculated by 

dividing the satisfaction score obtained by the maximum
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possible satisfaction value for each group and multiplying by 

one hundred.

Mean obtained percentages of satisfaction for each week are 

presented in table 2. Mean values ranged from 87% to 99%. A  3 

(group) X 4 (week) mixed ANOVA for percent of optimal 

satisfaction attained indicated a significant effect for week 

F (1.72,62.7)= 12.08, p<.001. Significant improvement in 

performance from week one to four is evident across all 

groups, ranging from 90% in week one to 97% in week four. A 

significant effect for group F(2,35)= 5.45 p= .009, is 

apparent with group 3 consistently performing the poorest 

while groups 1 and 2 show similar levels of performance over 

the four weeks. The marginally significant week by group 

interaction, F(3.58, 62.7)=2.62, p= .05, can be interpreted

using table 2. Group 2 attained the lowest percentage of 

satisfaction during week one but the highest during the 

following three weeks. This finding suggests that group 2 

initially struggled with the task but quickly learned to 

improve. Descriptive statistics for satisfaction attained for 

each group during each week are presented in table 2.

Total number of meals chosen was subjected to a one-way 

ANOVA for group. A significant effect was evident,

F (2,35)=10.73, p < .001. Group 3 consistently chose the least 

meals (X=17) and group 1 the most (X=19) consistent with what 

each groups optimal solution dictates.
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Slope analyses

Slope was calculated for each participant for each week by 

dividing the number of home cooked meals (unpreferred) chosen 

by the number of restaurant meals (preferred) chosen. Because 

the resulting scale is not normally distributed, values must 

be transformed in order to generate an accurate mean and
n
jf

perform valid statistical analyses. A square root 

transformation best normalized tVie distribution. Because
I

several participants had values-of 0 for slope the constant 

.05 was added to each value before taking the square root.

This transformed slope was subjected to a 3 (group) X 4 (week) 

mixed ANOVA. Slope was found to significantly change in a 

direction consistent with improved performance from week one 

to week four, F(1.79, 62.7)= 5.12, p=.011. Slope also differed 

significantly as a function of group, F(2, 35)=6.83, p=.003, 

with group l's slope consistently closest to 1.0 and group 3's 

slope consistently closest to 0. Mean slope values for each 

group during each week are presented in figure 3.

Early vs. Late week scheduling of preferred meals.

Examination of figure 2 shows that average meals were 

scheduled in a consistent linear fashion. No strong curves in 

the lines, which would indicate more skewed scheduling of one 

meal during one portion of the week, are apparent.

Participants did not schedule preferred meals early in the 

week and then change their allocation when one resource was 

drained, nor did they save preferred meals for latter in the
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week, which might result from fear of overuse of one resource. 

Participants did show a steady and consistent preference for 

the more satisfying meal.

Total number of meals was subjected to a 3 (group) X 7 (day) 

mixed ANOVA. No significant interaction was apparent, F(12, 

366)=.78, p>.05. Overall participants did not show tendencies 

to squander resources, allocating too much early in the week 

not leaving enough to meet latter minimums, or a tendency to 

hoard, not allocating enough resources early in the week and 

not being able to utilize them later.

Discussion of Experiment 1

Participants were indeed sensitive to changes in this 

subjectively defined objective function. Ratio of meal 

selection, as measured by slope, is consistent with objective 

function condition; close to 1.0 for group 1 and toward 0 for 

group 3. Participants in groups 2 and 3 did choose less total 

meals than participants in group 1, indicating that they were 

willing to give up total meals for more preferable ones as a 

change in objective function dictates.

Participants performed best, as measured by percent of 

optimal satisfaction attained, in groups 1 and 2 where equal 

scheduling aids or has no effect on performance respectively, 

while group 3 performed the worst. These differences in 

performance are interpretable by examining changes in slope 

for each group. Slope for group 1 remained steady, 

consistently approaching 1.0 as their 1:1 objective function
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requires. Changes in slope did not affect performance for 

group 2 as long as they remain at or below 1.0. While 

performance for group 2 could have been optimal with a slope 

ranging from 1.0 to 0, participants chose to schedule meals 

with a slope closer to 1.0 than 0, suggesting a preference for 

equal scheduling. In order to attain optimal performance group 

3 needed to schedule meals in an all and none fashion 

resulting in a slope of 0. However, participants in group 3 

while they approached this point showed reluctance to schedule 

meals in this all and none fashion. This suggests that 

participants not only prefer to equal schedule but are in fact 

biased by this tendency, doing so even at the expense of 

performance.

While participants in group 3 initially scheduled meals 

with a slope closer to 1.0 than 0, they steadily improved 

performance toward a 0 slope suggesting that they were 

sensitive to feedback from changes in the subjectively defined 

objective function but were slow to adopt an objective 

function that is different from -1.

These results suggest that a tendency to equally allocate 

resources may result from participant's reluctance to change 

from a -1 objective function that results from a 1:1 ratio in 

payoff. Participants make this change only after successive 

performance feedback.
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Experiment 2

As stated earlier subjective payoff while representing a 

meaningful category of life's choices is not the only form 

payoff takes. The findings of experiment 1 may have been 

influenced by the subjective definition of the objective 

function and may not be generalizable to resource allocation 

when dealing with an objectively defined objective function. 

Participant's reluctance to completely adopt a -3 objective 

function may have been due more to the subjective concept of 

meal preference than to a cognitive bias toward a -1 objective 

function. If these same results were to be found with an 

objectively defined objective function where differences in 

payoff are concrete it would give considerably more weight to 

the conclusions. Experiment 2 was designed to be identical to 

experiment 1 in terms of its LP structure but the problem 

situation was changed from a subjectively measurable meal 

consumption task to the objectively measurable task of a 

merchant selling meals for profit.

Participants

Participants were 3 6 undergraduate students enrolled in 

introductory psychology who participated for course credit. 

Data for three participants were omitted due to computer error 

or failure to follow instructions.

Method
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Apparatus

All materials were presented on a PC computer. A Visual C++ 

program developed in collaboration with Barron Sopchak was 

used to present the various scenarios and record responses. 

Scenario and design

Participants received one of three possible scenarios. The 

scenarios were identical except for the ratio of profit gained 

from the sale of m e a l s .

Scenario (all received)

"You are a manager of a student-run lunch counter at a 

large university. You have been assigned this job as part of a 

student business program. You work for three hours a day seven 

days a week for a four-week period. You sell two meals, pizza 

and sandwiches. You are open from 11:00am to 2:00pm daily and 

business is constant seven days a week. Your task as manager 

is to decide on the number of supplies for making each item to 

order for the following day, all of which must be used. You 

always sell your entire inventory for the day as long as you 

don't exceed the daily limits, so the only factors to consider 

are cost for supplies and profit for each product."

"Your goal is to- maximize your profit, which is evaluated 

at the end of a one-week period. Your pay is based on your 

profit for each week so it is in your best interest to attain 

the highest profit possible. You have a fixed weekly budget to
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adhere to in order to meet daily quotas. Profit you make does 

not carry over to the next week, it goes to the program."

"Each item costs a certain amount of money as well as

employee hours. Each of these resources is limited. In

addition each meal results in a certain monetary profit. You 

will be given a seven- day scenario in which you indicate how 

many of each meal supplies you want to order for the next day. 

This same scenario will be repeated four times."

"You will start the week with $600 and 125 personnel hours, 

or 1500 minutes to allocate in your weekly spending budget. To 

make one sandwich it costs $4 and 5 minutes of personnel time. 

To make a pizza it costs $2 and 10 minutes of personnel time. 

Your limitations are; you can not sell more than 5 0 meals in

one day, and you can not sell less than 10 meals a day or

customers will look elsewhere."

(Participants received one of the following depending on 

group)

1. "The profit made from the sale of each meal is the same. 

$1 is made for the sale of each, (you sell pizza for $3

and sandwiches for $5.)"

2. "Each meal results in a different profit. $1 is gained 

from selling a sandwich and $2 is gained from the sale of a

pizza. (You sell pizza for $4 and sandwiches for $5.)"
/

3. "Each meal results in a different profit. $1 is gained 

from selling a sandwich and $3 is gained from the sale of 

a pizza. (You sell pizza for $5 and sandwiches for $5.)"
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(All received)

"At the end of each week you will receive feedback about 

your performance. The percent of optimal profit you 

attained will be presented along with a bonus or penalty 

amount based on the following scale. You will receive a $20 

weekly bonus in pay if you attain between 8 0 and 90 percent 

of optimal and a $50 bonus if you attain greater than 90 

percent of optimal profit. You will be penalized $20 for 

each day where you fail to meet the required minimums of 

sale."

Table 3 was presented on screen during each week to remind 

participants of the costs, constraints and profits as well as 

to help them monitor daily performance. At the end of each 

week participant's percent of optimal profit was displayed, as 

well as the bonus or penalty value. All values were reset 

after each week. Appendices C and D present equations used to 

create optimal solutions and constraints.

Figure 4 displays the problem scenario graphically. Time 

and money constraints create the identical feasible regions 

for each group, within which performance is possible.

Objective function differs for each group creating different 

optimal solutions. For group 1 this solution lies at the 

intersection of the two constraint lines at the point (100, 

100), and requires an equal selection of meals. For group 2 

the objective function parallels the time constraint line 

creating a solution that is not a point but lies anywhere
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along the time constraint line from the point (100, 100) to 

(150, 0). Group 3's optimal solution lies at the point (150,

0) requiring an all and none selection of meals.

Procedure

Participants received the general scenario and then one 

scenario for each meal option. Three groups were created. All 

groups were given the same information concerning time and 

money values for each meal as. well as the same total amounts 

of time and money, but each group had a different profit 

ratio.

Participants were seated at a computer terminal and given a 

verbal overview of the task to be completed. Participants were 

randomly assigned to one of the three treatment groups. They 

were told that they had as much time as they needed to 

complete the task and ample scratch paper and a pencil was 

provided. They were then asked if they understood the task and 

if they responded affirmatively they were told to proceed with 

finding a solution for the problem starting with week one and 

continuing to week four. Participants then entered the amount 

of supplies for each meal to be ordered for day one and 

continued in this manner for seven successive days of 

allocation. The computer indicated how many days remained, how 

much of the resources remained after each day and their profit 

gained from each meal to date. When participants finished with 

the seven days the percent of optimal profit attained was
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displayed along with a bonus/penalty amount and the problem 

was reset for a second week. Four separate seven-day problems 

were completed in total. After four weeks had been completed 

the participants were quizzed on the nature of the scenario 

they had been given. Questions asked: the profit values 

associated with each meal and the goal of the task, to confirm 

that they did understand the nature of the problem; whether 

they had any previous experience with Linear Programming and 

if so whether they used it in their calculations; and in 

general whether the task and problem situation made sense to 

them.

Table 3 was presented on screen to participants to act as 

an overview of the problem and to help them track their 

performance. Objective functions for each condition, money and 

time constraints, and costs of meal choices are found in 

figure 4, appendices C, D and Table 3.

Results2

All participants when questioned afterward found the 

scenario to be believable and did not express any problems or 

concerns. Figure 5 (a-c) shows mean daily meal selections for

each group during each of the four weeks. Each point 

represents one day's ratio of meal selections. Participants

2 Muachly's test of sphericity indicated unequal variances 
across week. A Greenhouse-Geisser correction was used to 
adjust the degrees of freedom used to determine critical 
values for within groups ANOVA's. -Within week group 
comparisons used Tukey's honestly significant difference post 
hoc test, p value's reported are from this test.
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made their way from the origin toward an optimal solution. 

Groups 1 and 2 performed fairly consistently, ending closest 

to their respective optimal solutions for each of the four 

weeks. Group 3 was initially farthest from the optimal 

solution at (150, 0), but gradually approached this point over 

weeks two to four.

Comparison of optimal performance

Percent of optimal performance was calculated for each 

participant by multiplying each meal choice by its respective 

payoff value, (1 for Sandwich and 1, 2, or 3 for pizza for 

groups 1, 2, and 3 respectively) summing these meal values 

then dividing this quantity by the respective highest possible 

total (200, 300 & 450 for groups 1, 2 and 3, respectively), 

and then multiplying by one hundred.

Mean performance for each group for each week is shown in 

table 4. A 4 (week) X 3 (group) mixed ANOVA indicated no 

significant effect for week F(3, 90)= 2.61, P>.05, a

significant effect for group F(2, 30)= 3.346, p=.049, and a 

significant interaction effect F(3.6, 90)=2.57, p=.024. 

Interpreting the interaction it is apparent that group 2 

consistently performed the best followed closely by group 1. 

Group 3's performance was significantly poorer than the other 

two groups after week one (P's<.003) but steadily improved 

over weeks three to four until performance was not 

significantly different from groups 1 and 2 by week four (p 

>.05).
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Comparison of slope

Slope was calculated for each participant by dividing the 

total number of sandwiches ordered in a given week 

(unpreferred meal) by the total number of pizzas ordered in a 

given week (preferred m eal). In order to statistically compare 

data for slope the data were transformed by taking the square 

root. Because some 0 slope values were present the constant of 

.05 was added to each value before taking the square root. 

These transformed slope values were subjected to a 4 (week) X 

3 (group) mixed ANOVA. A significant interaction was found, 

F(4.6, 69)= 3.1, P= .016. Complementing results found for 

percent of optimal profit, all group's slopes cluster around 

1.0 during week one and do not differ significantly (p >.05) 

but during week two began to diverge. Slopes for groups 1 and 

2 remained steadily about 1.0 and about .70 respectively. 

However, group 3's slope consistently improved approaching 0 

over the course of the four weeks as was consistent with their 

scenario. By week four slopes diverged in directions 

consistent with respective optimal solutions. Group 3's slope 

was significantly different from group l's (p<.001) and group 

1's slope was significantly different from group 2's (p=.038). 

Mean slope values for each group over the four weeks are 

presented in figure 6.

Comparison of meals chosen

Number of meals chosen from each option was subjected to a 

3 (group) X 2 (meal) X 4 (week) X 7 (day) mixed ANOVA. A
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significant meal by group interaction, F(2, 30)=6.90, p=.003, 

was evident. Group 1 chose a relatively even meal selection, 

while groups 2 and 3, tended to choose more of the higher 

profit pizza meal at the expense of the lower profit sandwich.

A significant week-by-day interaction, F(6.73,

201.9)=13.42, p<.0001, indicated that less meals were chosen 

in the latter days during the first week but this effect 

decreased in the later three weeks. Or to state more 

comprehensively, participants showed a tendency to squander 

resources, not leaving enough to meet later week minimums 

initially, but learned to improve with practice and feedback 

over weeks two to four.

A significant week-by-meal by group interaction,

F (5.. 3, 79 . 56) =4 . 03, p=.002, showed that all three groups tended 

to choose an equal selection of meals during week one, but 

over weeks two to four group 3 began to skew their selection 

toward the more profitable pizza choice, group 1 remained 

fairly consistent, while group 2 showed a slight increasing 

preference for choosing to sell the pizza.

Hoarding/Squandering Effects

End of week bonus/penalty comparison

Participants were presented at the end of each week not 

only with percent of optimal but also with a bonus or penalty 

amount. This bonus/penalty was based not only on percent of 

optimal but also whether participants met minimum requirements 

for each day, i.e. did not squander and finish prematurely. A
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3 (group) X 4 (week) mixed ANOVA found significant improvement 

with week to be evident F(2.4, 71-3)= 15.27, p<.001, which is 

consistent with findings of significant improvement in percent 

of optimal. The interaction, while not statistically 

significant, presented an interesting trend, F(4.8,

71.3)=2.11, p=.07. As shown in table 5 Group 1 maintained a 

fairly steady bonus of about $2 0, while group 2 and 3 both 

averaged penalty amounts (evidence of squandering) during week 

one but from week two on maintained positive bonus's on 

average.

Hoarding behavior is defined as saving resources until it 

is too late to fully utilize all of them. In terms of the 

bonus/penalty this would result in values at or closely above 

0. Only nine participants received values at or above 0 for 

all four weeks (4 in group 1 and 2 and 1 in group 3) and none 

of these participants demonstrated true hoarding tendencies, 

saving resources to the end and then not being able to use 

them.

Examination of hording/squandering behavior is possible by 

interpreting a 4 (week) X 3 (group) X 7 (day) X 2 (meal) mixed 

ANOVA for number of meals selected. The meaningful effect is 

the significant week X day X group interaction, F(36,

540)=1.53, p=.026. This interaction can be interpreted using 

figure 5 (panels a-c ) . Both groups 2 and 3 show evidence of 

squandering during week one, using too much of their resources 

early, but they correct this behavior over week's two to four.
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Group 1 shows no - apparent squandering tendency throughout the 

four weeks.

Discussion of Experiment 2 

Results from experiment 2 parallel those from experiment 1. 

Participants did respond to changes in objective function. 

Slope of meal selection was consistent with objective function 

changes for each group and participants did choose to sell 

less total meals when it would maximize profit.

Initially participants in group 3 performed significantly 

poorer than groups 1 and 2, attaining only 8 6 percent of 

optimal compared to 96 and 99, for groups 1 and 2 

respectively. However, over weeks two to four group 3's 

performance steadily increased. By week four their performance 

was equivalent to that of groups 1 and 2 who remained 

relatively consistent throughout the four weeks.

Reasons for these differences in percent of optimal 

performance become clear by examining changes in slope. During 

week one all three groups had slopes approaching 1.0. For 

groups 1 and 2 this relatively equal scheduling of resources 

resulted in a solution close to optimal but for group 3 it was 

far from the optimal 0 slope needed. Over weeks two to four 

group 3 showed the most change, by week four their average 

slope approached 0, while slopes for group 1 and 2 remained 

consistently closer to 1.0.
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Participants did respond appropriately to changes in 

objective function; they performed close to optimal in groups 

1 and 2 where equal scheduling did not hinder performance. It 

is only when all and none allocation was required that 

participants performance suffered. With objective feedback 

participants corrected their equal scheduling behavior, but it 

took four trials of feedback before performance was 

statistically equal to groups 1 and 2. Participants' initial 

instincts were to allocate resources equally and were 

reluctant to change this equal allocation, only doing so in a 

gradual fashion.

General discussion 

Do participants perform differently when objective function 

is objectively verse subjectively defined? It is very 

plausible that participants may conceptualize objective 

function very differently depending on whether it is defined 

with an objective or subjective quantity. However, in this 

study we found that participants responded similarly to 

changes in objective function when it was subjectively as well 

as objectively defined. This is a significant finding in that 

it shows that participants conceptualization of objective 

function transcends the quantity used to define it. Hence, 

conclusions can be discussed with reference only to objective 

function itself not whether it was subjectively or objectively 

defined.
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How does change in objective function affect performance? 

Steepening of objective function adversely affected 

performance only when this change required that the solution 

involve non-equal scheduling of resources. Only group 3, where 

equal scheduling had an adverse effect, showed a significant 

decrease in performance.

Is equal scheduling a preference or a,bias? We found that 

not only do participants prefer to equal schedule when it had 

no effect on performance, but they even chose to continuously 

equal- schedule resources when it had a detrimental effect on 

performance. This result suggests that a true mental bias in 

conceptualizing resource-allocation problems in favor of equal 

scheduling does indeed exist.

Might equal scheduling result from an intuitive preference 

for a -1 objective function? Results support this conclusion. 

While participants clearly understood and responded to changes 

in objective function, altering performance appropriately, 

they were reluctant to fully adopt these changes even when the 

changes were concrete and objectively defined. Perhaps 

participants did not plan out the problem initially so equal 

scheduling might have been expected in week one and it is, but 

wouldn't participants quickly learn that this was not 

successful and that they were able to select all of the 

preferable choice? This is not the case. Participants did 

improve with each week but this change is gradual, they seemed 

reluctant to not equally schedule, changing only slightly from
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week to week and, on average, did not reach the slope of 0 

even after four tries.

A plausible strategy for participants to use in this 

situation might have been an elimination strategy, narrowing 

down a solution by finding its range or extreme points. 

Participants simply did not do this but gradually approached 

from equal to unequal allocation of resources. This is best 

explained by a reluctance to shift objective function from 

1:1. It seems that even though objective function was 

objectively defined, participants did not intuitively grasp 

the degree of these changes and this hindered their 

performance when allocating resources.

Do changes in objective function affect hoarding and 

squandering behavior? Bonus or penalty attained for each 

week's performance in experiment 2 allowed us to quantify 

hoarding and squandering behavior. Participants did show a 

tendency to squander: only nine participants never received a 

penalty for not finishing a week, while hoarding tendencies 

were not apparent. This squandering behavior was most 

prominent in week one but decreased thereafter.

Examining the trends found for squandering behavior 

illuminated by the bonus/penalty results may help illuminate 

how objective function is conceptualized. The initial tendency 

for participants to squander, choosing too many meals early in 

the week, found with groups 2 and 3 but not with 1, suggests 

that the value of the preferable option was increased but that
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the value of the less preferable option was not 

correspondingly decreased. What this suggests is that 

participants' reluctance to shift to an objective function 

with an unequal ratio results more from a reluctance to 

decrease the value of the less preferable option rather than a 

failure to increase the value of a more preferable option.

Why people would show such a bias for equally allocating 

resources, or a -1 objective function, is still unclear. It is 

very likely that in most cases scheduling resources equally is 

in fact the best choice, not putting all of one's eggs in one 

basket minimizes risk and this may indeed be why participants 

show a desire to equal schedule, it is perceived as the safest 

strategy. However, taking on more risk often has the potential 

for greater gain or profit. So a bias for equal allocation 

when not warranted may lead to underperformance. The equal- 

scheduling behavior found throughout the resource-allocation 

literature could be viewed as a risk-averse strategy. 

Participants may view unequal scheduling as a risky choice and 

hence would rather gradually approach an all-and-none solution 

rather that initially select this strategy even though actual 

changes in objective function guide them in this direction.
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Appendix A

Objective functions for each treatment scenario in experiment 

1.

Scenario (1): Restaurant = neutral(1) Home cooked =

Neutral(1)

Maximize S = 1H(1) + 1R(1) + 1H(2) + 1R(2) + 1H(3) + 1R(3) + 

1 H (4) + 1 R (4) + 1 H (5) + 1 R (5) + 1H(6) + 1R(6) + 1H(7) +1R(7)

Scenario (2): Restaurant = Good (2) Home cooked = Neutral(1)

Maximize S = 1H(1) + 2R(1) + 1H(2) + 2R(2) + 1H(3) + 2R(3) +

1 H (4) + 2 R (4) + 1 H (5) + 2R(5) + 1H(6) + 2R(6) + 1H(7) + 2R(7)

Scenario (3): Restaurant = G o o d (3) Home cooked = Bad(l)

Maximize S = 1H(1) + 3R(1) + 1H(2) + 3R(2) + 1H(3) + 3R(3) + 

1 H (4) + 3 R (4) + 1 H (5)+ 3R(5) + 1H(6) + 3R(6) + 1H(7) + 3R(7)

Where the variable S represents the total satisfaction 

obtained over the course of the week. H(x) and R(x) represent 

the number of meals obtained at home or from a restaurant 

respectively on day x.
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Appendix B

Money and time constraints for experiment 1

Participants allocated a weekly allowance of $75 and 15h to 

home or restaurant meals creating the following dollar and 

time constraints.

Dollar constraint:

75 >= {2.5OH(x) + 5R(x) }

where the values 2.50 and 5 are the number of dollars consumed 

for each meal obtained at home or from a restaurant 

respectively. The total money spent on all meals at home or a 

restaurant over the course of the week must be less than, 

equal to, $75.

Time constraint:

15 >= {1H (x) + .5R(x)},

where the values 1 and .5 are the number of hours needed for 

each meal obtained at home or from a restraint, respectively. 

The total time spent on all meals at home or a restaurant over 

the course of the week must be less than, or equal to, 15 

hours.
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Appendix C

Objective functions for each treatment scenario experiment 2.

Scenario (1): Pizza (1) Sandwich (1)

Maximize P = 1Z(1) + 1S(1) + 1Z(2) + 1S(2) + 1Z(3) + 1S(3) + 

1Z(4J + IS (4) + 1Z (5) + I S (5) + 1Z ( 6) + I S (6) + Z (7) + 1S(7)

Scenario (2): Pizza (2) Sandwich (1)

Maximize P = 2Z(1) + 1S(1) + 2Z(2) + 1S(2) + 2Z(3) + IS (3) + 

2Z(4) + IS (4) + 2Z(5) + IS (5) + 2Z(6) + 1S(6) + 2Z(7) + 1S(7)

Scenario (3): Pizza (3) Sandwich (1)

Maximize P = 3Z(1) + 1S(1) + 3Z(2) + IS (2) + 3Z(3) + 1S(3) + 

3Z ( 4) + IS (4) + 3Z ( 5) + 1 S ( 5 )  + 3Z (6) + IS ( 6) + 3Z(7) + 1S(7)

Where the variable P represents the total profit obtained over 

the course of the week. Z(x) and S(x) represent the number of 

meals Pizza or Sandwiches chosen to prepare on day x.
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Appendix D

Money and time constraints for experiment 2

Participants allocated a weekly allowance of $600 and 1500min 

(125 hours) for preparing pizza or sandwich meals creating the 

following dollar and time constraints.

Dollar constraint:

600 >= {2Z(x) + 4S(x)}

where the values 2 and 4 are the number of dollars consumed 

for each meal selected for pizza and sandwiches respectively. 

The total money spent on all meals sold over the course of the 

week must be less than, equal to, $600.

Time constraint:

1500 >= {10Z(x) + 5S(x)},

where the values 10 and 5 are the number of minutes needed for 

each meal made, pizza or sandwich respectively. The total 

personnel time allocated on all meals over the course of the 

week must be less than, or equal to 1500 minutes.
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Table 1

Table presented on screen to participants in experiment 1

Home Restaurant

Cost of each meal $2.50 $5.00

Time needed for each 

meal
60 Min 30 Min

Satisfaction value 1 (1, 2 or 3)

Number of meals 

chosen to date
Variable Variable

Resources remaining Time Money
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Table 2

Percent of Optimal Satisfaction Attained 
by Group for Experiment 1

Percen Optimal
GROUP Week 1 Week 2 Week 3 Week 4
1 Mean 94 .23 95.00 98 . 08 97 . 69

N 13 13 13 .13
SD. 4. 94 5.77 3.25 3.88

2 Mean 87 .86 98 .10 97 . 62 99. 17
N 14 14 14 12

SD. 11. 88 3.86 4 .79 2.89
3 Mean 88.89 89. 91 92. 14 93 . 68

N 13 13 13 13
SD. 7.09 8.30 6.06 4 .34

Total Mean 90.26 94 .43 95 . 99 96. 78
N 40 40 40 38

SD. 8 . 83 6. 94 5.44 4.36
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Table 3

Table presented on screen to participants in experiment 2

Pizza Sandwich

Cost of supplies 
needed to make each 
meal

$2 $4

Time needed to 
prepare each meal

10 minutes 5 minutes

Profit from sale of 
each meal

($1, $2, or $3) $1

Number of each meal 
chosen to date

Variable Variable

Resources remaining Time Money
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Table 4

Percent of Optimal Attained: Experiment 2

• Week

GROUP 1
1 Mean 96. 09

N 11
SD. 3 .21

2 Mean 99.27
N 11

SD. 1.27
3 Mean 86.18

N 11
SD. 10.37

Total Mean 93.85
N 33

SD. 8.33

2 3 4
92 . 73 94 .18 92 . 64
11 11 11

8 .19 4 .75 7 .49
95 .36 95. 0 9 97 .55
11 11 11

11. 83 10. 80 3 . 62
84 . 91 89.00 94 . 45
11 11 11

16. 78 12.25 4 . 95
91. 00 92 .76 94.8 8
33 33 33

13.15 9.89 5.79
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Table 5

Descriptive Statistics for Bonus/Penalty Earned for Each Week
in Experiment 2

Week
GROUP 1 2 3 4
1 Mean 18 . 18 21.82 36.36 26.36

Median 50.00 50.00 50 . 00 50 . 00
SD. 39.70 37 . 63 25.01 37 .76

N 11 11 11 11
2 Mean -3. 64 37.27 45.45 47.27

Median -20.00 50.00 50 . 00 50 . 00
SD. 44 .11 29.70 15 . 08 9 . 05

N 11 11 11 11
3 Mean -30.91 18.18 27 .27 29. 09

Median -40.00 20.00 50. 00 50.00
SD. 22.56 38.16 35 .52 36.18

N 11 11 11 11
Total Mean -5 . 45 25.76 36.36 34 . 24

Median -20.00 50.00 50.00 50 . 00
SD. 40. 93 35 .27 26.79 31.13

N 33 33 33 33
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Figure captions

Figure 1 . Figure 1'graphically presents the constraints and 
objective functions for experiment 1. Objective functions with 
slopes of -1, -2 and -3, for groups 1, 2, and 3 respectively 
indicate that for every restaurant meal one, two or three home 
cooked meals must be chosen to gain equal satisfaction. An 
optimal solution is the point at which a maximum amount of 
payoff is attained while objective function remains at or 
within the boundary of the feasible region (the shaded region 
where allocation is possible). For groups 1 and 3 optimal 
solutions result in a point, (10, 10) for group 1 and (15, 0) 
for group 3. However, for group 2 the objective function 
parallels the money constraint line. This creates an optimal 
solution that is not a single point but lies anywhere along 
the money constraint line within the boundary of the feasible 
region, ranging from points (10, 10) to (15, 0).

Figure 2. Figure 2 (panels a-c) presents mean daily meal 
selection during each week for each of the three groups. Each 
point represents one day's ratio of meal selection. (Numerical 
slope values are presented in figure 3) Panel 2a presents 
results for group 1. Participants in this group show 
consistent performance evenly selecting meals from day one to 
seven and ending clustered near the optimal solution at (10, 
10) with a slope of selection approaching an equally allocated 
1.0. Panel 2b presents meal selection for group 2. Selection 
remains even over the seven days, but weekly selection shows 
more variability than group 1. End of week selection is 
slightly closer to an equal (10,10) than and all and none 
(15,0). Panel 2c shows meal selection for group 3.
Participants again show consistent daily selection of meals, 
but also demonstrate the most weekly change. Ratio of 
selection trends fairly consistently from about (11, 7) or a 
slope of about .6 in week one to (13,4) or a slope of about .4 
in week four.

Figure 3. Figure 3 graphically presents changes in slope 
across the four weeks for each group. Group 1 shows the most 
consistency and maintains slopes closest to and equal- 
allocating slope of 1.0. Group 2 shows more variability but 
consistently remains between group 1 and 3. Group 3's slope 
consistently trends toward 0 with slopes ranging from .58 to 
.31.

Figure 4 . Figure 4 graphically presents the constraints and 
objective functions for experiment 2. Objective functions with 
slopes of -1, -2 and -3, for groups 1, 2, and 3 respectively
show that for every pizza meal one, two, or three sandwich
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meals must be sold to gain equal profit. An optimal solution 
is the point at which a maximum amount of payoff is attained 
while objective function remains at or within the boundary of 
the feasible region (the shaded region where allocation is 
possible). For groups 1 and 3 optimal solutions result in a 
point, (100, 100) for group 1 and (150, 0) for group 3. 
However, for group 2 the objective function parallels the 
money constraint. This creates an optimal solution that is not 
a single point but lies anywhere along the money-constraint 
line within the boundary of the feasible region, ranging form 
points (100, 100) to (150, 0.

Figure 5. Figure 5 (panels a-c) presents mean daily meal 
selection during each week for each of the three groups. Each 
point represents one day's ratio of meal selection. Numerical 
slope values are presented in figure 6. Panel 5a presents 
results for group 1. Participants in this group show 
consistent performance evenly selecting meals from day one to 
seven and ending clustered near the optimal solution at (100, 
100) or slopes near 1.0. Panel 5b presents meal selection for 
group 2. Selection remains even over the seven days, but 
ratios of selection cluster approximately around (110, 80) or 
about a slope of .7, closer to 1.0 than 0. Panel 5c shows meal 
selection for group 3. Participants again show consistent 
daily selection of meals, but also demonstrate the most weekly 
change. Ratio of selection trends fairly consistently from a 
fairly equal scheduled (100, 80) or slope of .8 in week one to 
a more skewed selection (130, 40) or about a slope of .3 in
week four.

Figure 6. Figure 6 graphically presents changes in slope 
across the four weeks for each group in experiment 2. Group 1 
maintains slopes closest an equal allocating slope of 1.0. 
Group 2 shows the least variability consistently ending each 
week with slopes of about .7. Group 3's slope consistently 
trends toward 0 with slopes ranging from .8 to .3.
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Figure 1

Constraints and objective functions for experiment 1

35

Money 
constra int

22 25
O ptim al solution

oup I (10, id )£ 20
Optimal 

solution fbrsolutionPptim al 
group

up 3 (15

Feasible
region Timi i

Group 1 onstr lint

Objective 
functions 10 15 20 25

Number of meals from retaurant

59



Figure 2a

Mean daily meal selections for group 1
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Figure 2b

Mean daily meal selections for group 2
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Figure 2c

Mean Daily Meal Selections for Group 3
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Figure 3

Mean slope for group by week for experiment 1
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Figure 4

Constraints and objective functions for experiment 2
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Figure 5a
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Figure 5b

Mean daily meal selections for group 2
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HH
Figure 5c

Mean daily meal selections for group 3
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Figure 6

Mean slope for group by week for experiment 2
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Born in New York City on November 13, 1975 to a middle
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