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An Exploration of Activity Scheduling and Rescheduling Processes 

Abstract 

 

The objective of this research is to examine processes of activity scheduling and 

rescheduling by experiments. Activity scheduling processes were examined by using a 

combination of mail surveys and telephone interviews. It was found that individuals’ 

schedules are hardly complete. Scheduled activities take place less than 50% of all 

executed activities. The incompleteness suggests that activity scheduling and execution 

are a concurrent process and the distinction between is vague. Activities with relatively 

high level of fixity (e.g., work activity, educational and organizational activities) are 

more likely to be executed than other activities. Routine activities are no more or less 

likely to be scheduled than non-routine activities. Attributes of activities differ 

substantially between scheduling and execution. In particular, the deviation between 

scheduling and execution in starting time appears to be smaller than that in duration. Two 

suggestions may be offered: individuals may be able to schedule starting time more 

precisely than duration or individuals may respond to unexpected events by adjusting 

activity duration first.  

 

Activity rescheduling processes were examined by asking subjects to talk aloud while 

completing controlled in- lab scenarios. It was found that the actual rescheduling 

processes deviate greatly from the ideal utility maximization framework. More 
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specifically, it was found that subjects rarely assess the overall situation before 

rescheduling operations; rarely evaluate multiple alternatives that are available before 

rescheduling operations; rarely revise previously rescheduled activities; the search for 

rescheduling is multi-directional, but mostly forward-moving; and subjects are quite 

efficient in the process of arriving their final revised schedules.  

 

Based on findings on activity rescheduling processes, a structure of activity rescheduling 

was proposed. The proposed structure adopts Hayes-Roth and Hayes-Roth’s model 

structure of errand planning in that it consists of several independent cognitive specialists 

and the flow of operation is not pre-fixed. The theory of active choice set was also 

proposed, asserting that subjects select which activity to be rescheduled next based upon 

how recently this activity is assessed.  
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CHAPTER 1 

INTRODUCTION 

 

1.1. Background 

 

A major area of transportation planning that will benefit from travel behavior research is demand 

forecasting and modeling. Over the last half century, the role of travel behavior research in 

demand forecasting and modeling has become increasingly significant. Travel demand models 

were first developed during the 1950s and 1960s, during which time America was in a state 

where (RDC, 1995, pp.2-1): 

 

• “urban population was rapidly growing, 

• motorization was progressing, and 

• suburban sprawling was starting.” 

 

Given this, the main transportation planning issue at hand was the development of infrastructure, 

i.e., where to build highways and how many lanes were needed. The logic behind it was to 

increase or maintain people’s mobility by building more highways. The four-step travel demand 

forecasting procedures were developed to satisfy such a need. The four-step procedures 

consist of: trip generation that determines the frequency of trips per day, trip distribution that 

determines origin-destination combinations, mode split that determines mode choice, and 

network assignment that determines route choice given travel mode. Overall, the four-step 
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procedures are hardly behaviorally sound, but they were sufficient to meet the needs at the time 

when highway development was a major issue in planning. There are a number of recognized 

problems with the four-step travel demand procedures. For example, the travel time and cost 

used in trip distribution and mode choice are different from those derived from trip assignment. 

For a more complete list of problems, see RDC, Inc. (1995, pg. 2-2).  

 

Years passed, congestion became an everyday problem for many metropolitan areas in the US, 

despite the effort to build highways. It was more and more recognized that building more 

highways on a large scale was no longer a viable option to alleviate traffic congestion. One 

reason was that the demand for travel continued to increase with the increase of highway 

capacity. Another reason was the lack of funds and land for highway construction. Besides, air 

quality and energy conservation had also become growing concerns. Under these 

circumstances, in September 1975, the Urban Mass Transportation Administration and the 

Federal Highway Administration issued joint regulations requiring the urban transportation 

planning process to include the element of Transportation System Management (TSM). TSM 

was designed to “provide for the short-range transportation needs of the urbanized area by 

making efficient use of existing transportation resources and providing for the movement of 

people in an efficient manner and to identify traffic engineering, public transportation, regulatory, 

pricing, management, operational and other improvements to the existing urban transportation 

system not including new transportation facilities or major changes in existing facilities” (U.S. 

DOT, 1975, cited in Deakin, Rappaport, and Harvey, 1977). There was a wide range of TSM 

strategies to be considered, including those that were designed to increase the efficiency of 
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existing facilities, to reduce the use of vehicles in congested areas, to improve the quality of 

transit services and to increase internal efficiency of transit management (Deakin, Rappaport, 

and Harvey, 1977; Gakenheimer and Meyer, 1979).  

 

In the 1970s, TSM, which attempted to maximize efficiency of existing systems, was promoted. 

Following this in the 1980s, Transportation Demand Management (TDM) was promoted, 

aiming to alleviate traffic congestion by reducing the demand for travel, primarily by single-

occupant automobiles. In the 1980s and 1990s, Transportation Control Measures (TCMs), 

which are essentially combinations of TSM and TDM measures promoted in an air quality 

improvement context, have been proposed. 

 

The development of random utility models, formalized by McFadden (1975), marks a great 

breakthrough in travel demand forecasting and modeling, especially for the development of 

discrete choice models. Random utility theory assumes that each alternative available for choice 

is associated with a utility value, representing the amount of satisfaction that an individual obtains 

from selecting the alternative, and that the individual will always choose the alternative with the 

largest utility. The utility is treated as a random variable. The randomness stems largely from the 

lack of information associated with characteristics of the alternatives and the decision maker on 

the part of the analyst, for example, unobserved attributes, unobserved taste variations, 

measurement errors and imperfect information and instrumental or proxy variables (Manski, 

1977). Choice probabilities associated with the respective alternatives may be derived by 

assuming a joint probability distribution for the random components of the utilities. Based on this 
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random utility theory, a large number of models have been developed including logit models, 

probit models, nested logit models, cross-nested logit models, and paired combinatorial logit 

models. 

 

Following the development of random utility models, a large number of trip-based disaggregate 

mode choice or destination choice models were developed. The first full-scale disaggregate trip-

based model systems were developed in the 1970s for the Washington, D.C. area and for the 

San Francisco Bay Area (Bowman and Ben-Akiva, 1998). Trip-based models model a single 

trip in isolation from other trips made by the same individual within the same period and thus are 

unable to account for the interrelationships among trips. In the late 1970s and 80s, tour-based 

models were developed to model sets of trips together. For example, a home tour would 

include all trips made after leaving home until returning home again. Problems with tour-based 

models were similar to those of trip-based models; although they account for associations 

among trips within a tour, they are unable to account for how tours are connected to form a 

daily pattern.  

 

From the late 1980s and early 1990s, activity-based research started to flourish for improved 

representation and prediction of travel behavior (Hanson and Hanson, 1993; Jones, 

Koppelman, and Orfeuil, 1990). This was motivated by the long-recognized notion of travel 

demand as a derived demand. Although the research objectives are still to forecast travel 

behavior and make transportation policy recommendations, the study focus has largely shifted 

from travel to activity. Activity-based researchers are placing a greater emphasis than ever on 
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the behavioral aspects of observed patterns, particularly why, where, when and how people 

engage in activities distributed in space. To capture activities that are performed on a weekly or 

monthly basis, the length of the study period in activity-based research has expanded often to 

more than a week.  

 

1.2. Research Objectives 

 

Due to the belief that executed activities were first scheduled for engagement, activity scheduling 

is an important subject within the arena of activity-based analysis. Here, researchers study how 

individuals schedule their days. Despite the rapid developments in activity scheduling research 

over the last decade, still much remains unknown about scheduling behavior itself. And even less 

is known about rescheduling behavior, namely, adjusting a scheduled pattern of activity and 

travel when it is interrupted by an unexpected event. The objectives of this dissertation are to 

probe into individuals’ activity scheduling and rescheduling behavior and contribute to the 

literature by advancing our understanding on these behaviors. More specifically, answers to the 

following questions are sought: 

  

Activity Scheduling: 

• How complete are activity schedules? 

• What activities are more likely to be scheduled? 

• What attributes of activities (e.g., starting times, duration, and location) are explicitly 

considered in scheduling? 
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• Are activities always executed once they are scheduled? 

• What attributes of activities tend to differ between scheduling and execution? 

 

Activity Rescheduling: 

• How deviant is the activity rescheduling process from the ideal utility maximization 

framework? 

• Do individuals always assess the overall situation before a rescheduling operation? 

• Do individuals always evaluate multiple alternatives that are available before a 

rescheduling operation? 

• How frequently do individuals revise previously rescheduled activities? 

• In what directions (forward moving or multi-directional) do individuals search for an 

activity to be rescheduled and how far do they search? 

• How efficient are individuals in reaching their final revised schedules? 

 

Following the investigation of activity scheduling and rescheduling behavior, a theory of activity 

rescheduling is proposed.  

 

1.3. Significance of the Research 

 

One contribution this dissertation research makes to the travel behavior research field is to 

provide empirical data on characteristics of individuals’ activity scheduling and rescheduling 

behavior. A majority of studies on activity scheduling have focused on modeling the scheduling 
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of activities and travel within a time period (e.g., a day) using utility maximization theory as the 

paradigm of decision making. The utility maximization framework assumes that individuals 

enumerate all possible alternatives and maximize their utilities while making their choices. Critics, 

especially psychologists, have long stated that such a utility maximization framework is not 

realistic. Instead, individuals use simple rules in decision making. Over the years, psychologists’ 

arguments have gradually been accepted by travel behavior researchers. Ironically, few studies 

if at all have been conducted to date by those who adopt utilitarian premises to investigate the 

underlying activity scheduling and rescheduling processes and examine if the paradigm of utility 

maximization is realistic.  

 

This dissertation is one of the few studies that investigate activity scheduling and rescheduling. 

By employing the technique of verbal protocols, this dissertation probes into characteristics of 

cognitive processes underlying activity scheduling and rescheduling. The importance of cognitive 

studies is especially notable in this area, where little is known about decision mechanisms 

underlying observed behavior of scheduling and rescheduling.  

 

Findings about activity scheduling and rescheduling processes from this dissertation will not only 

advance our knowledge in individuals’ activity and travel behavior, they also form a basis for the 

next stage of modeling. In this dissertation, a theory of activity rescheduling processes will be 

proposed, explaining how individuals form a revised plan. The proposed theory still has several 

limitations when applied to model individuals’ activity rescheduling behavior. It nevertheless 
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provides a new analytical framework for rescheduling decision making that represents observed 

cognitive processes much more closely than does the utility maximization framework. 

 

1.4. Organization of Dissertation 

 

This dissertation is organized as follows. In Section 2, a literature review on developments in 

activity-based travel research will be presented. Behavioral paradigms, including utility 

maximization and psychological theories, related to choice making are first presented. Because 

activity rescheduling decisions are concerned with either a single activity or a single trip, or a 

sequence of activities, the review is broken into two parts correspondingly. In the first part, the 

review covers both methodologies and relevant studies for choices related to a single trip or 

activity. This includes discrete choice models, duration models, structural equations systems, 

and utility maximization frameworks. In the second part, the review covers models related to a 

sequence of activities. This includes mathematical models that generally assume individuals 

maximize their utilities in selecting an activity and travel pattern, and those computational process 

models that generally assume that individuals do not maximize but satisfice.  

 

In Section 3, an experimental design for this dissertation research is presented. The experiment 

has three parts. In the first part, with the purpose of comparing differences between scheduling 

and execution, subjects were randomly assigned an activity diary day and were asked to fill out 

a scheduler, recording activities they planned to do on the diary day. On the night following the 

diary day, telephone interviews were conducted to retrieve information on what subjects 
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actually did on the activity and travel diary day. In the second part, subjects were asked to 

schedule for a hypothetical day in a laboratory setting while thinking silently, then talking aloud. 

The second part is designed to investigate the reactivity effects of the use of the verbal protocol 

data in the third part of the experiment that is related to activity rescheduling. In the third part, 

subjects were given a hypothetical schedule and several scenarios that described unexpected 

events that had occurred. Subjects were then asked to revise the original schedule into the one 

they would use in real life under the scenarios. Subjects were asked to talk aloud in all 

scenarios.  

 

In Section 4, the data are used to examine differences between activity scheduling and 

execution. Differences between activity scheduling and execution are represented in terms of the 

completeness of activity schedules and in terms of activity duration, location, and starting times.  

 

In Section 5, characteristics describing activity rescheduling processes are examined. For 

decisions related to a single activity, the following list of questions is examined: whether subjects 

reviewed activities to pursue before rescheduling operations; whether subjects evaluated more 

than one alternative before rescheduling operations; and whether subjects revised previously 

rescheduled activities. For decisions related to a sequence of activities, the examination focuses 

on whether the search was multi-directional or mostly forward-moving; and whether subjects 

were efficient in arriving at their finally revised schedules.  
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In Section 6, based on the findings of Section 5, a cognitive structure of activity rescheduling is 

proposed. The proposed theory attempts to explain how individuals form a revised plan.  

 

Concluding remarks are presented in Section 7. In this Section, findings from this dissertation 

research are summarized; given the findings related to activity rescheduling, implications in 

activity scheduling behavior are discussed. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1. Activity-based Analysis 

 

The activity-based approach takes an alternative view of travel behavior. Though it aims 

to examine travel behavior, the focus of an activity-based analysis is not on travel but on 

activities. The reason behind this is the notion of travel as a derived demand, that is to 

say, travel is derived from the desire or need to perform a series of activities distributed 

in space (Gärling, Laitila, and Westin, 1998). Consequently, to understand travel 

behavior, it is important to understand how individuals make activity-related choices 

(e.g., what activities to perform, where and when to perform and for how long etc.).  

 

The word “derived” implies that the utility associated with travel is usually negative and 

the reason for travel is that the amount of positive utility that individuals derive at the 

destination is greater than the amount of negative utility that individuals derive from 

traveling. In mode choice and destination choice modeling, travel time and cost are most 

often considered as elements of the negative utility associated with travel.  

 

Mokhtarian and Salomon (forthcoming) discussed some conceptual re-considerations of 

the negative utility associated with travel. They propose that although there are 

circumstances in which individuals only derive negative utility from travel, there are 

circumstances in which individuals derive positive utility from travel and the amount of 
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positive utility derived from travel contributes to the decision on conducting a particular 

activity at a particular location. When individuals derive positive utility from travel, their 

destination choice will involve excess travel. For example, an individual may forgo a 

nearby restaurant but choose to go to an identical restaurant farther away, not because the 

latter restaurant is more attractive than the former but because the individual wants to 

experience a certain amount of travel. Mokhtarian and Salomon hypothesized that if only 

negative utility were derived from travel, ind ividuals’ desired commute time would be 

zero. However, the average desired commute time from their survey was about 16 

minutes, which is significantly different from zero. In other words, most individuals do 

not wish to be instantaneously transferred between home and work place; instead, they 

prefer a buffer zone between the two. 

 

If travel does not involve any meaningful origin or destination, for example, car or horse 

racing, the utility of travel is positive. If travel is defined as movement from place A to 

place B, without any purpose other than reaching B, the utility of travel is negative. If 

travel is not only movement from place A to place B, but also with some purposes (e.g., 

sightseeing), the utility of travel may appear positive. In the last case, one may argue that 

this positive utility does not come from travel but from a hidden activity (e.g., 

sightseeing). If the act of traveling is separated from the hidden activity, the utility of 

traveling may well be negative. For example, the reason that the individual goes to an 

identical but farther away restaurant may be that the individual wants to do some 

sightseeing. In the commuting example, the reason that individuals prefer to have a 

commute time of about 16 minutes is that individuals want to adjust themselves between 
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home and work. Thus, the hidden activity is attitude adjustment and it takes about 16 

minutes, which makes it appear that people want to travel at an ideal time of 16 minutes. 

In sum, the utility of the hidden activity (e.g., sightseeing or adjustment) is positive, 

which conceals the negative utility of travel.  

 

A counter argument is that travel and the so-called hidden activity are inseparable. In 

other words, motion is a critical component of the hidden activity, whether it is attitude 

adjustment or sightseeing. Otherwise, in the case of sightseeing, one would appreciate 

discontinuous snapshots of sights instead of continuous sights. 

 

Transportation researchers are mainly concerned with traveling that involves meaningful 

origins and destinations. A more appropriate view of the concept of travel as a derived 

demand is to view the need to perform activities distributed in space as the primary need 

and the need to perform travel as the secondary need (Damm, 1983). Though travel is 

still conducted to perform activities at the destination, one cannot ignore the role of travel 

itself in decisions related to aspects of activity engagement. 

 

Given the importance of studying individuals’ activity programs over a time period, one 

naturally wonders how individuals’ activity programs are formed over time? This leads to 

the area of activity scheduling, a study on how individuals form their activity programs 

over time. Formation of individuals’ activity programs over time is a complex multi-

dimensional problem that has been challenged in several areas of study. There are 

activity-related choices such as activity type, activity duration, starting time, and location 
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choices. There are travel-related choices such as travel mode and route choices. As no 

one can perform all activities at the same time, there are choices regarding the sequence 

of activities. As individual decision makers belong to households, there are inter-personal 

interactions. One is also subjected to temporal and spatial constraints. In sum, the 

following list of subjects may be involved in activity scheduling (modified from Pas, 

1985): 

 

1. Activity-related choices concerning activity engagement, activity duration, and 

activity location, 

2. Travel-related choices concerning travel mode, time allocation on travel, and 

route choice,  

3. How activities and trips are scheduled, 

4. Roles of household characteristics as well as inter-personal constraints, 

5. Roles of individual characteristics, and 

6. Roles of environmental characteristics (e.g., spatio-temporal constraints), 

 

Subjects 1 to 3 are activity or travel choices, whether they involve a single activity, a 

single trip or groups of activities or trips. Subjects 4 to 6 relate to roles of household 

characteristics, individual characteristics, or environmental characteristics in activity or 

travel choices. Subjects 1 to 3 are unavoidably related to subjects 4 to 6.  

 

As the eventual purpose of this dissertation is to propose a model of activity 

rescheduling, which directly relates to subject 3: how activities and trips are scheduled, 



 

 

15 

 

subject 3 is unavoidably an important focus of this literature review. As activity-based 

approaches focus more on activities than on trips, the literature review also covers a great 

deal of subject 1: activity-related choices. Although other subjects are included, they are 

not the focus of this review. In order to provide readers a good comprehension of the 

works reviewed, the review tends to be very detailed. 

 

The rest of this chapter is organized as follows. In Section 2.2, behavioral paradigms of 

choice making are presented. In Section 2.3, methodologies and relevant studies on 

activity and travel related choices are reviewed. In Section 2.4, studies related to how 

activities and trips are scheduled are reviewed. Last in Section 2.5, a brief summary of 

the review is presented. 

 

2.2. Behavioral Paradigms  

 

The most common assumption in activity-based analysis is the utility maximization 

framework. The classic Utility Maximization Problem (UMP) in consumer behavior is 

presented as fo llows: 

 

...

)(max
0

wxpts

xu
x

≤⋅
≥  

where, 

 x is a vector representing a consumption bundle, 

 u refers to the utility that the individual derives from consuming bundle x, 

 p is the vector of prices of goods, p > 0, and 
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 w is the wealth of the individual, w > 0.  

 

In the above problem, the consumer is expected to choose a consumption bundle that 

maximizes his or her utility. When applying the above framework to choices related to a 

single activity, consumption bundles x may refer to types of activities to be performed, 

different duration intervals for which activities can be performed, or locations where 

activities may be performed. There may not only be budget constraints but also time 

constraints. For example, duration of activities may not exceed an upper thresho ld, like 

24 hours.  

 

The validity of the utility maximization framework is based on the rationality assumption 

made on consumers’ preferences. Individuals’ preference relation on X (set of 

consumption bundles) is rational if it possesses the following two properties (Mas-colell, 

Whinston, Green, 1995): 

 

Completeness. For all x, y ∈ X, either x is preferred or equally preferred to y, or y 

is preferred to or equally preferred to x or both, and 

Transitivity. For all x, y, z ∈ X, if x is preferred or equally preferred to y and y is 

preferred or equally preferred to z, then x is preferred or equally preferred to z.  

 

Completeness implies that individuals have a well-defined preference between any two 

possible alternatives; either the individual prefers y over x, or x over y, or is indifferent 

between the two. Transitivity suggests that preferences must be consistent in a sequence 
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of pair-wise choices; if the individual prefers x over y and y over z, then he must prefer x 

over z. 

 

Examples that violate the completeness or transitivity properties are easy to find from 

observations of our own lives. Completeness suggests that individuals always have 

perfect information about all alternatives available to them and are able to enumerate all 

alternatives. However, in the real world, we receive only limited information and our 

minds can only process a limited number of alternatives. Quite often, our preferences are 

not well defined and we are not able to express preferences between two possible 

alternatives. In fact, survey researchers have always recognized this limitation of human 

beings because “do not know” is a valid answer just as legitimate as other answers. 

Simon (1957, pp. 241) noted that individuals’ choice making behavior is not perfectly 

rational as assumed above, but is “... a kind of rational behavior that is compatible with 

the access to information and the computational capabilities that are actually possessed 

by organisms, including man, in the kinds of environments in which such organisms 

exist.” 

 

Individuals’ preferences may fail to satisfy the transitivity property for a number of 

reasons. One difficulty arises because of just perceptible preferences or differences. A 

famous example is how people differentiate a series of similar shades of gray. When a 

person is first presented with a pair of similar shades of gray, he/she may not be able to 

tell the difference. Then we ask him/her to differentiate between the lighter of the 

previous two grays and a slightly lighter one. He/she may not again be able to tell the 
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difference. If we continue this exercise, he/she may continuously not be able to tell the 

difference. Summarizing his/her choices through a series of pairwise comparisons, we 

may conclude, by transitivity, that the individual is indifferent between the original 

darker shade of gray and the fina l almost white shade of gray. However, if we ask the 

individual to differentiate directly between the original darker shade of gray and the final 

almost white shade of gray, he/she will be able to tell the difference. In this case, 

transitivity has been violated.  

 

Kahneman and Tversky (1983) noted that central to these economic axioms about 

rationality are the principles of dominance and invariance. Dominance states that if A is 

better than B in at least one aspect and is equal to B in every other aspect, then A must be 

chosen. The invariance principle states that preference should be based on the content of 

alternatives no matter how they are framed. In reality, both the dominance and invariance 

principles, especially the latter, are often violated. They note that when facing risky 

choices whose consequences are unknown, individuals appear to have different 

preference structures: risk aversion in the domain of gains and risk seeking in the domain 

of losses. Risk aversion in the domain of gains is revealed in the following example. 

Consider a situation where one has two alternatives. In one alternative, one has an 85% 

chance to win $1000 and a 15% chance to win nothing. In another alternative, one has a 

sure chance to win $800. Which alternative would one choose? Kahneman and Tversky 

found that a large majority of people chose the alternative with a sure gain. The 

expectation of the first alternative can be calculated as: 85% × $1000 + 15% × $0 = $850, 

which exceeds the expectation of the second alternative: $800. Therefore, the sure 
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alternative reveals risk aversion in the domain of gains. To illustrate risk seeking in the 

domain of losses, consider the following example with two alternatives where individuals 

are forced to lose. In one alternative, one has an 85% chance to lose $1000 and 15% 

chance to lose nothing. In the other alternative, one has a sure loss of $800. A large 

majority of people chose the first alternative (with a larger expected loss of $850 but a 

chance of not losing at all ) over the second one with a sure loss, revealing the property of 

risk seeking in the domain of losses.  

 

Kahneman and Tversky also noted that how choices are framed also affects individuals’ 

preference order, which violates the invariance principle. Consider the following 

example. A usual disease outbreak is expected to kill 600 people. Consider the following 

two alternative programs designed to combat the disease. If program A is adopted, 200 

people will be saved; if program B is adopted, there is a one third probability that 600 

people will be saved and two thirds probability that no one will be saved. It was found 

that 78% of the respondents prefer program A (N = 152) and 22% of the respondents 

prefer program B. In fact, the expectation of program A (200 people will be saved) is the 

same as that of program B ((1/3) × 600 + (2/3) × 0 = 200 people will be saved). In other 

words, the two alternatives are identical in terms of their expected values but framed 

differently. As a result, framing leads to an uneven preference between the two identical 

alternatives.  

 

Kahneman and Tversky’s findings have direct implications for decision making related to 

selection of either a single activity or groups of activities. Take an example of choosing 
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between exploring a new activity and performing a familiar activity. Suppose the new 

activity is associated with a certain probability of high enjoyment and a probability of no 

enjoyment at all, while the familiar activity is associated with a sure probability of 

medium enjoyment. Under this scenario, what would one choose? These are scenarios 

one frequently encounters in daily lives. Based on the property of risk aversion in the 

domain of gains, unless the activity has an extremely high probability of high enjoyment, 

it is expected that a large majority of people would choose the familiar activity with a 

sure probability of medium enjoyment. For the same individual, one may not always be 

risk aversive in the domain of gains. It is quite expected that one may be occasionally risk 

seeking in the domain of gains, but largely individuals are expected to be risk aversive.  

 

2.3. Activity and Travel Related Choices 

 

Activity-based researchers must be concerned with both activity-related and travel-

related choices. Activity-related choices include activity type and activity duration; 

travel-related choices are concerned with travel mode, destination, route, departure time, 

etc. There have been numerous studies in activity and travel-related choices in the 

literature and the review here does not intend to include all studies that examine either 

activity-related or travel-related choices. The focus of the review in this section is on 

activity-related choices. Different methodologies used to model activity-related and 

travel-related choices are first reviewed, followed by selected relevant studies.  
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As mentioned before, roughly speaking, there are three types of effects in activity-related 

and travel- related choices. They are roles of individual characteristics, roles of household 

characteristics, and roles of environmental characteristics. Individual characteristics are 

mainly defined by demographic and socio-economic characteristics like gender and age. 

For example, women are more likely to go shopping than men (e.g., Bhat, 1996b); men 

are more likely to spend more time on discretionary activities than women (e.g., 

Kitamura, 1984); and elderly people tend to spend less time on social/recreation activities 

than younger people (e.g., Bhat, 1996b). Attitudinal and personality variables are also 

found useful in distinguishing groups of individuals with different travel behaviors 

(Koppelman and Lyon, 1981).  

 

Roles of household characteristics are supported by the hypothesis that households at 

different life stages are constrained in different spatial and temporal domains and 

therefore exhibit different life styles (Havens, 1979) and thus travel behaviors. Variables 

defining household life stages may include presence of young children, employment 

status of the female adult, presence of elderly persons, etc. Inter-personal interactions 

have also been a central issue in activity-based analysis. This is because members in the 

same household exhibit inter-related behaviors (Pas, 1985).  

 

Roles of environment factors are supported by the hypothesis that individuals’ behavior is 

constrained in time and space. Hägerstrand (1970) identified three types of constraints: 

capability, coupling and authority. Capability constraints refer to those that limit 

individuals’ abilities because of their biological construction and the number and the type 
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of tools they can command. Every one of us is constrained by our biological construction. 

For example, one must obtain enough sleep and food in order to survive. The speed at 

which one can travel determines how far he/she can travel within a given time period 

(e.g., one day).  

 

Capability constraints form a daily time-space prism in which people can maneuver. 

Every individual has a unique prism. The path inside the daily prism is to some extent 

ruled by “coupling constraints”. In other words, prisms are further defined by coupling 

constraints. Coupling constraints define “where, when, and for how long, the individual 

has to join other individuals, tools, and materials in order to produce, consume, and 

transact” (Hägerstrand, 1970, pp. 14). Many of our daily activities are governed by 

coupling constraints. For example, a car must be available at the same time and same 

location as we are for us to use it. At the work place, tools must be available at the time 

of production. At the shop, salesmen and customers must be present at the same time and 

at the same location in order for goods to be sold.  

 

The last type of constraint is authority constraints. They define accessibility of various 

time-space domains that surround us. The world is filled with various domains to which 

we have accessibility at different levels. For example, we can only access stores and 

banks during their opening hours. This relates to the notion of level of fixity, i.e., how 

flexibly can an activity be executed. Damm and Lerman (1981) recognized that the level 

of fixity associated with each activity (the degree to which an activity can be shifted in 

time and space) affects how that activity will be scheduled. Cullen (1972) and Cullen and 
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Godson (1975) noted the importance of “activity pegs”: activities that have high priorities 

are scheduled first, followed by activities with low priorities. To model individuals’ 

scheduling behavior, they divided an entire day into five discrete time periods: prior to 

the trip to work, during the trip from home to work, during work, during the trip from 

work to home and after the trip to home. They assumed that in each of these five periods, 

individuals try to select an activity schedule with the maximum utility.  

 

It is noteworthy that all constraints must be viewed as transient, not absolute and 

permanent. Over the centuries, the volume of the daily prism has enlarged due to 

improvements in transportation because the speeds we can travel have increased 

dramatically. The difference in terms of the volume size of the daily prism between a 

walker and a driver in the same urban space is incomparable. Telecommunications have 

also changed the shape of the prisms because now many things (e.g., shopping, banking) 

that originally required physical travel can now be replaced by phone, fax and the 

Internet. As time passes, constraints that originally confined our prism and governed our 

paths disappear and new constraints appear. 

 

2.3.1. Discrete Choice Models 

 

There has been little application of Kahneman and Tversky’s findings in activity-based 

analysis; on the other hand, there have been numerous applications of the utility 

maximization framework in modeling activity and travel related choices. A common 

framework is the discrete choice framework, which has been widely applied to model 
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activity type choice, activity locations, travel mode choices and travel destination choices 

(Gärling, Laitila, and Westin, 1998). The discrete choice modeling framework is similar 

to the utility maximization framework presented earlier in consumer theory, but 

differences exist between the two. The utility maximization framework in consumer 

theory requires a continuous space such that demand functions can be derived following 

the procedures for constrained maximization problems. In the discrete choice framework, 

one is concerned with a set of discrete alternatives. The usual demand functions do not 

apply here1; instead, one is interested in obtaining utility functions for respective 

alternatives. The discrete choice theory states that alternative i is preferred to alternative j 

if jiUU ji ≠> , , where U refers to utility and subscripts i and j refer to alternatives. The 

utility is composed of two components: systematic utility Vi and random utility iε , of 

which only systematic utility can be observed. The random utility term reflects individual 

idiosyncrasy (Hensher and Johnson, 1981). Random utility models may be expressed as 

follows in the discrete choice framework for alternative i:  

 

iii VU ε+= . 

 

If alternative i is preferred to alternative j,  

 

jjii VV εε +>+  

ijji VV εε −>−⇒ . 

                                                 
1 For example, if one is concerned with a set of mode choices, demand functions that equate a function to a 
mode choice do not make sense. 
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The elements of ij εε −  cannot be directly measured. Therefore, the relationship 

ijji VV εε −>−  cannot be determined from direct observation. However, a probability 

that ij εε −  is less than ji VV −  can be assigned: 

 

ijVVprobP jiiji ≠−<−=  allfor   )],()[( εε  

 

The above probability function means that the probability that alternative i is chosen is 

equal to the probability that the difference between jε  and iε  is less than the difference 

between iV  and jV . By simply arranging the above equation, it can be expressed as: 

 

 ijVVprobP ijiji ≠+−<=  allfor   ],[ εε . 

 

Assuming a continuous distribution of iε  over the interval (-∞, ∞), the above equation 

may be written as follows:  

 

 ∫ ≠+−<= ∞
∞− iijiji dijVVprobP εεε ]),([  

 

The above is a general formulation of a choice model expressing the relationship between 

the probability of selecting an alternative and the attributes of alternatives in the choice 

set. Different forms of operational models (e.g., multinomial logit or probit models) may 
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be derived under different assumptions regarding the distribution of the random utility 

terms (Ben-Akiva and Lerman, 1985).  

 

Variables representing household lifestyles have always been included in modeling 

activity-related or travel- related choices. Using the 1977 Baltimore travel demand data 

set (N = 217 individuals), Kitamura and Kermanshah (1983, 1984) estimated activity 

choice models using multinomial logit models. They found that either having young 

children between 5 and 12 or having a female household member increased the chance of 

selecting serve-passenger activities. Presence of unemployed female adults in the 

household increased not only the chance of selecting shopping activities but also those 

activities that served other passengers. The presence of children under 17 years old 

discouraged the selection of social/recreation activities. Compared to serve-passenger 

activities, higher income increased the chances of selecting activities such as 

social/recreation, shopping, and personal business.  

 

Time of day plays a significant role in determining activity type choices. Kitamura and 

Kermanshah (1983) used multinomial logit models to determine activity type choices that 

included personal business, shopping, social/recreation and serve passengers for both 

home-based and non-home-based trips. They found that variable t, representing time of 

day, and its variation ln(t), had substantial influences on activity engagement. Wang 

(1994, pp.192) defined a concept of timing utility, referring to “the utility gained by a 

person through undertaking the activity at a specific clock-time in the day.” He 

hypothesized that utilities of a single activity at different clock times varied significantly. 
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The strong dependence of activity engagement on time of day was also found by 

Kitamura, Chen, and Pendyala (1997). Using the 1991 travel diary set of the Southern 

California Association of Governments consisting of 136,640 trip records for 32,515 

individuals, a set of multinomial logit models was developed for activity type choices. 

They used a set of dummy variables, representing different time intervals throughout the 

day, in modeling activity type choices and found them highly significant. For example, in 

the home-based model for workers, the “return to work” activity peaked at about 11:30 

a.m. to 1:00 p.m.; this may be explained by workers having lunch and then returning to 

work. Social/recreation activities peaked between 7:30 p.m. to 9:30 p.m., as evidenced by 

the larger coefficients associated with dummy variables representing evening hours. 

During the early morning, coefficients for social/recreation were less than those for work 

activities, indicating that the work activity peaks during that period.  

 

Both institutional and physiological factors contribute to the time of day dependence of 

activity engagement. Institutional factors contribute to the determination of the time of 

day as well as the duration for activities such as work and school. For example, most 

work places and school regulate their starting hours and duration. Physiological factors 

contribute to the determination of the starting time of day for activities such as meals and 

sleep. For example, most people have 3 meals a day, in the morning, at noon, and in the 

evening, and go to sleep during the night. Timing for other activities such as 

social/recreation and shopping usually evolves around those activities performed to 

satisfy institutional and physiological needs. 
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Activity type choices of a single activity should be modeled in conjunction with other 

activities performed before and after that particular activity. This is because activities are 

inter-related with each other. Kitamura and Kermanshah (1983) found a strong history 

dependence of activity engagement. The term history dependence referred to variations, 

due to past activity engagement, in the conditional probability of performing an activity, 

given the past history of activity engagement (e.g., whether the activity has been 

performed or not in the past, the amount of time that has been spent on the activity). 

Kitamura and Kermanshah adopted three variables to represent history dependence: a 

binary variable indicating whether the activity has been pursued in the past, the number 

of sojourns made for each activity type, and the cumulative amount of time spent for each 

activity type. They found that although all three variables were significant in model 

estimation, the binary variable explained the activity engagement choice better than the 

other two. They found for home-based models, the history dependence was positive for 

activities including personal business and serving passengers and negative for activities 

including social/recreation and shopping. Cross history dependence has also been found 

between activities. For example, past engagement in social/recreation activities 

discouraged the performance of personal business activities later and encouraged the 

performance of shopping and serving passenger activities. For the non-home-based 

models, they used variables representing past engagement both in the previous trip chain 

and in the current chain. They found that variables representing past engagement in the 

previous trip chain were not significant in the presence of those representing past 

engagement in the current chain. This suggests that the time length between the past 

engagement and the current activity may play a role here. Kitamura, Chen, and Pendyala 



 

 

29 

 

(1997) also found significant roles of history dependence in activity type choices. For 

example, they found that past engagement of social/recreation activities discouraged the 

performance of the same activity later.  

 

Not only history dependence, but also future dependence plays a role in activity choice 

(Kitamura, 1984). Future dependence refers to the influence of future activity 

engagement on current activity participation. For example, the commitment to engage in 

an activity later in a particular location may motivate individuals to choose current 

activities located close to that particular location.  

 

2.3.2. Duration Models 

 

In activity scheduling/rescheduling, one is not only concerned with activity type choices, 

but also activity duration or travel duration choices, i.e., how long would one spend on a 

particular activity? Expenditures of time on activities may be modeled via duration 

analysis2.  

 

There have been numerous applications of duration models in activity scheduling and 

rescheduling analyses. By assuming tha t the duration of activities is described by Weibull 

distributions, Kitamura, Chen, and Pendyala (1997) estimated duration models for 

different activity types. History dependence was found to be significant in modeling 

activity duration. For example, as the cumulative amount of time spent on work activities 

in the past increased, the length of a subsequent work episode (given that prior work 
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activity has been conducted) decreased. Similarly, as time spent on work and school 

activities increased, the time spent on social/recreation activities decreased. Time of day 

was also found significant in modeling activity duration. Social/recreation activities were 

found to be shorter in the morning and longer in the evening for workers. The reverse 

was true for non-workers, who may often pursue social/recreation activities in the 

morning. Subsequent work activities were longest in the morning and late evening but 

were shorter during mid afternoon. Socio-economic variables such as gender, age, 

employment status and household structure were also found to be significant.  

 

Also by assuming a Weibull distribution structure, Hamed and Mannering (1993) 

estimated a home-stay duration model, using 370 completed trip diaries from the Puget 

Sound Council of Governments3. They found that older people were less likely to leave 

home; their home stay was longer than younger adults. As number of children increased, 

household members’ home-stay duration decreased. Arriving home early encouraged 

more out-of-home activities and thus decreased home-stay duration compared to arriving 

home late.  

 

Using the 1989-1990 PSTP (Puget Sound Transportation Panel) two-day travel diary and 

telephone interview data, Niemeier and Morita (1996) examined gender differences in 

activity durations for shopping trips. They found that women engaged in longer duration 

shopping trips than men do, implying that women probably shouldered a greater 

responsibility for household support activities like grocery or clothes shopping. In 

                                                                                                                                                 
2 Statisticians commonly call it survival analysis. 
3 The year when travel diaries were completed is not available in the paper. 
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addition, higher household income increased the duration of shopping trips. The number 

of children between 6 and 17, however, decreased the duration of shopping trips.  

 

In modeling the duration of shopping during the return home trip from work, Bhat 

(1996a) used the 1991 household survey data conducted by the Central Transportation 

Planning Staff (CTPS) in the Boston Metropolitan area. The sample for the study 

consisted of 355 adult individuals who were employed, made at least one work trip on the 

diary day and made a single shopping activity stop during the return home trip from 

work. Bhat compared proportional hazard models with a Weibull baseline specification 

and with a non-parametric baseline specification. Within each specification, he also 

compared among models without heterogeneity, with gamma heterogeneity, and with 

non-parametric heterogeneity. He found that the parametric baseline specification 

provided biased estimates. Controlling for heterogeneity (Bhat used both a gamma 

specification for heterogeneity and a non-parametric unobserved heterogeneity based on 

Heckman and Singer, 1984) did not alleviate the problem of biased estimates, though 

ignoring heterogeneity did not underestimate the duration dependence. In conclusion, 

Bhat recommended using a non-parametric baseline model specification and testing for 

various distributions to control for heterogeneity, over arbitrarily choosing a particular 

parametric baseline model specification.  

 

The above discussion of duration analysis only concerns spells with a single ending 

status, or “exit”. This may be undesirable in some situations under which spells can end 

in a number of ways. For example, the spell of a particular activity such as paid work 
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could end at the start of a recreational activity or a shopping activity. The hazard rate for 

the transition from paid work to recreational activity may well be very different from that 

for the transition from paid work to shopping activity.  

 

Competing risk models, developed for the case with more than one exit, have also been 

applied in travel behavior modeling. Ettema et al. (1995) used competing risk models to 

model the activity duration and the type of activity for the new engagement. They 

compared both a generic model specification (a model that was generic to all types of 

activity) and an activity type-specific model specification. They found that the 

performance of the generic model was not as good as the activity type-specific model 

specification in terms of the goodness of fit ratios.  

 

Using the 1991 household travel survey data consisting of 1950 employed adults who 

made a work trip on the diary day in the Boston Metropolitan area, Bhat (1996b) 

estimated a joint model of outcome and outcome-specific hazards to model the duration 

of shopping and social/recreation activities of workers during the evening commute 

home. In the sample, the individual may choose to go directly home, to participate in 

shopping activities before returning home, or to participate in social/recreational 

activities before returning home. Bhat estimated two versions of the model: one assuming 

independence between activity type choice and activity duration and the other 

accommodating the potential correlation between activity type choice and activity 

duration. The parameter estimates for the activity type choice model were almost 

identical for both versions of the model. Older age increased the probability of choosing 
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shopping activities, but decreased the probability of choosing recreational activities. 

Compared to females, males were more likely to participate in recreational activities than 

in shopping activities. The presence of children under eleven years old decreased the 

probabilities of choosing both shopping and recreational activities. Higher household 

income increased the probability of choosing recreational activities, but had no impact on 

shopping activities. Availability of automobile and being able to depart from work before 

4:00 PM increased the probability of choosing recreational activities. Long work 

durations increased the probability of going directly home.  

 

For duration models for shopping and recreational activities, the parameter estimates 

agreed in sign, but differed in magnitude. The duration of recreational activities was 

positively related to being male, household income, and young adult (1 if the individual is 

an employed adult living with one or both parents) and negatively related to work 

duration. The duration of shopping activities was positively related to returning young 

adult and departure from work before 4:00 PM, and negatively related to driving alone to 

work and work duration. Bhat also noted that the model accommodating the potential 

correlation between activity type choice and duration was better than the model assuming 

independence between the two because the estimated correlation coefficient was found to 

be significantly different from zero.  

 

In an effort to model how individuals allocate their time throughout a day, Ma and 

Goulias (1998) developed a number of competing risk duration models adopting an 

accelerated lifetime specification to model activity duration and probabilities associated 
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with various activity types (including subsistence, maintenance, and leisure activities). 

Ma and Goulias (1998) argued that the traditional competing risk model had the 

assumption of independence between activity type and the time that the activity would 

terminate, which was not realistic. For estimation, they adopted the two-step approach of 

Cardell (1997; cited in Ma and Goulias, 1998), in which they first estimated a 

multinomial logit model for the probabilities of activity types in which to engage, 

followed by an activity duration model that included a log-sum term from the 

multinomial logit model.  

 

Activity duration may also be modeled in the utility maximization framework. First, a 

utility maximization framework is set up with the objective of maximizing the overall 

utility, and activity or travel duration being search variables. Then, demand functions for 

the search variables can be derived using the usual constrained optimization method. 

Kitamura (1984) examined how individuals allocate time among various activities. He 

formulated the problem as follows: 

Max.   

∑
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where 

U is the total utility of the individual’s time allocation behavior, 
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tj is the amount of time spent on the j-th activity, 

ξ j is an unknown and random weight of the utility for activity j in calculating the 

total utility, ξ j > 0,  

Vj is the utility derived from the j-th activity, 

xj is a vector of exogenous variables characterizing the j-th activity, and 

T is the total amount of time available. 

 

Assuming jjjjjjj txfxtV ln)(),( γ= , where γj >0 is an unknown but constant scale factor 

and setting 0/ =∂∂ jtL  (where L is the Lagrangian function), the optimal time allocation 

to the j-th activity can be derived as follows4: 
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which  can be further written as: 

 

ijiiijjjij xfxftt ξξγγ lnln))(ln())(ln()/ln( ** −+−= . 

Suppose xj > 0, j = 1, 2, …, J, and let ∏
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2, …, J; and ,...)(..., jη ∼ MVN(0, Ση). Also suppose that for some base activity i, its utility 

function can be expressed as follows, by setting 1)( =iii xfγ : 

                                                 
4 jξ and jγ can be distinguished from each other; please see later developments. 
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Let the first activity be the base activity for the normalization. Then )/ln( *
1

* tt j  can be 

expressed as follows: 

jjjjj XRtt εα ++= '*
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1ηηε −= jj , and 

),...,( 1 Jεε ∼ MVN(0, Σε). 

 

The above formulation can be estimated using the least squares method. The formulation 

assumes that all tj > 0, which may not be a realistic assumption when J is not small or the 

study period is short. In other words, it is entirely possible for an individual not to 

perform some types of activities at all during the study period. This naturally leads to a 

situation where the dependent variable (time allocation to a particular activity) is 

censored at zero. Assuming J = 2 (where the two types of activities are mandatory and 

discretionary), Kitamura formulated a tobit model that accommodated zero time allocated 

to one of the activities. The estimation results using the 1977 Baltimore Travel Demand 

Data Set showed that both work-related variables and socio-economic variables were 
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significant. More specifically, having a work location within the city of Baltimore or 

arriving at work after 9 A.M. reduced the time allocated to discretionary activities. 

Although not verified by comparing the commute times of those who allocated less time 

to discretionary activities and commute times of those who allocated more, the 

significance of these two variables suggests relatively long commutes by the former 

group, hypothesized to be either due to long distances or slow traffic speeds. The use of 

an automobile for the work trip had a positive impact on the time allocated to 

discretionary activities. Work duration had a negative effect on the time allocated to 

discretionary activities, which was quite expected. Time allocated to discretionary 

activities seemed to vary by day of week, with Friday being the highest among weekdays. 

In terms of socio-economic characteristics, availability of cars in the household and the 

number of non-workers increased the amount of time allocated to discretionary activities. 

Males spent more time on discretionary activities than females. Time allocated to 

discretionary activities decreased significantly with age and the number of children in the 

household. Women with children between 5 to 15 years old spent more time on 

discretionary activities than did others, probably due to participating in activities with 

their children. 

 

Flood (1985) modeled the amount of time spent on home production, leisure, sleep and 

personal care, and market work activities by male and female adults in the same 

household. As the time spent on market work can be obtained from the total time 

available minus the sum of the time spent on the other three activities, Flood’s model 



 

 

38 

 

excluded the variable for the amount of time spent on market work. The household was 

assumed to maximize total utility, given by the following form: 

 

Max.   
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where 

tm1, tm2, tm3 are time allocations to home production, leisure, and sleep and 

personal care activities by the male, 

tf1, tf2, tf3 are time allocations to home production, leisure, and sleep and personal 

care activities by the female, 

p is the price of goods and services,  

y is the total household consumption of goods and services, 

wm, wf are the wage rates of the male and female, 

T is the total time available per day, that is 24 hours, and 

µ is the household non- labor income. 
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Following Becker (1965), Flood assumed p = 1 for all households and then converted the 

monetary budget constraint to one in terms of full income, expressed as follows: 
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By using the indirect translog utility function (Christensen et al., 1975) and Roy’s 

identity, Flood was able to derive closed-form demand functions. The sample for Flood’s 

study came from the 1975-76 Survey of Time Allocation Among American Adults and 

had 384 married adults. The explanatory variables included in Flood’s model were 

mainly socio-economic characteristics related to the individual and the household. He 

found that the presence of children had a significant impact on females’ time allocation 

behavior: with the presence of young children in the household, females spent almost two 

more hours on home production, 25 minutes less on sleeping/personal care, and an hour 

and 20 minutes less working. The effect on female time allocation of having one 

additional household member was the same in sign to that of the presence of young 

children, but of lesser magnitude. The largest effect of having an additional member was 

on the female’s time allocation to home production, which increased by 42 minutes. 

Being a home-owner increased time allocation to home production and leisure for both 

males and females, and females’ time allocation to sleep/personal care. However it 

reduced time allocated to market work for both males and females, and males’ time for 

sleep/personal care. Compared to other variables, age and education had smaller effects 

on time allocation behavior. Age had a negative effect on males’ market work time but a 

positive effect on males’ sleep/personal care time. Higher education increased females’ 



 

 

40 

 

market work time, but decreased females’ leisure time and males’ market work time. The 

negative relationship between education level and males’ market work time was quite 

unexpected. At the same education level, females spent more time on market work than 

did their male counterparts. 

 

Neither Kitamura nor Flood accounted for time allocation to travel. Kraan (1996), on the 

other hand, formulated a model that contained terms measuring the total distance 

traveled, including the distance to work, and total travel time (expressed as distance 

divided by average speed). Her model is expressed as follows: 

 

Max.   
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where 

T is the total time spent on out-of-home/non-work activities (maintenance and 

leisure),  

d is the total distance traveled, including the distance to work, 

f is the frequency of all out-of-home/non-work activities, 

TH is the total time spent on in-home/non-work activities, 
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G is the total amount of money spent on consumption goods and services other 

than travel and out-of-home/non-work activities, 

v is average speed, 

Ttot is the total time budget, measured as 24 hours minus the hours needed for 

sleep, 

Tw is the total amount of time spent on working, 

cT, cd, cf are unit costs of T, d, and f, 

w is the wage rate,  

Y is unearned income including benefits and interest, etc., and 

β , γ, ϑ , ω, and χ are unknown parameters to be estimated. 

 

Kraan’s utility function included five terms: time allocated to out-of-home/non-work 

activities, total distance traveled, frequency of out-of-home/non-work activities, time 

allocated to in-home/non-work activities, and total amount of money spent on 

consumption goods and services. Her formulation sets the marginal utility with respect to 

each of these five arguments as positive and diminishing. This is based on the assumption 

that ceteris paribus, one would prefer to have more of each of these five arguments. For 

example, everything else being equal, one would prefer to spend more time on out-of-

home/non-work activities, or travel to a farther destination, or perform more out-of-

home/non-work activities, or spend more time on in-home/non-work activities or spend 

more money on consumption goods and services. The monetary budget constraint did not 

include those costs incurred with in-home/non-work activities such as utility bills; these 

in-home costs may be viewed as being combined with the cost of consumption G. 
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Through the above formulation, Kraan was able to derive closed-form non-linear demand 

functions for T, d, f, TH, and G. Due to the unavailability of data, the empirical 

application of the above model was conducted by forgoing the monetary budget 

constraint. In her empirical application, the ϑ  parameter restricting the frequency of all 

out-of-home, non-work activities was set to zero and consequently the decision variable f 

dropped out of the model. Under these restrictions, Kraan derived the following simple 

linear equations for time allocated to out-of-home/non-work activities, total travel time, 

and time allocated to in-home/non-work activities: 

 

totTT ⋅
++

=
ωγβ

β
, 

tott Tt
v
d

⋅
++

==
ωγβ

γ
, 

totH TT ⋅
++

=
ωγβ

ω
, 

where 

tt is the total travel time, calculated as the ratio of distance to speed. 

 

Without loss of generality, the slope parameters can be multiplied by any positive 

constant α. Setting ωγβα ++= , the demand functions can be expressed as follows: 

 

1εβ +⋅+= totout TcT , 

2εγ +⋅+= totttt Tct , 
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3εω +⋅+= totHH TcT , 

where 

cout, ctt, and cH are constants added to the demand function, and 

ε1, ε2, and ε3 are random disturbances in the demand functions.  

 

Estimation of the above three demand functions was performed by minimizing 

∑ 2ε with respect to ,,,,, Hout ccωγβ  and ttc , where ∑ 2ε can be expressed as follows: 
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where k is the index for individual in the sample. The minimization was performed 

through ordinary least squares. After ,,γβ  and ω  were estimated, they were normalized 

to ensure the sum to be equal to one.  

 

In estimation, Kraan used the Netherlands Time Budget Survey Data of 1990. She 

estimated the demand functions for the entire sample and all activities, for the entire 

sample and only discretionary activities, and for various population groups by all 

activities and only discretionary activities. In the estimation that involved all activities 

and all subjects in the sample, she found that time allocations to out-of-home/non-work 

activities, in-home/non-work activities, and travel increased with the total time budget 

(measured as 24 hours minus the hours needed for sleep). The increase was the largest for 

out-of-home/non-work activities. The increases for in-home activities and total travel 

time were similar in terms of their magnitude. In the estimation that involved only 
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discretionary activities and all subjects in the sample, Kraan found that the largest and 

positive effect of the total time budget was on in-home/non-work activities. Time 

allocated to out-of-home/non-work activities also increased with the total time budget, 

but (in contrast to the model including all activities) total travel time decreased slightly 

(with a coefficient equal to –0.01) with the total time budget. Due to the negativity and 

smallness of this coefficient, the impact of total time budget on total travel time shall be 

ignored. 

 

For the estimation that compared different population groups and for all activities, Kraan 

divided the sample into six clusters based on employment status, including full-time 

workers, part-time workers, students, housewives, pensioners, and unemployed. Demand 

functions were estimated for each of these clusters. Additional demand functions were 

estimated for students living on their own (a subgroup within the students cluster) and for 

single workers, which included single workers from both full-time workers and part-time 

workers. Kraan found that except for time allocated to in-home/non-work activities for 

single workers and total travel time for single workers, all estimated slope coefficients 

were significant at a 95% confidence level. Kraan also estimated the demand functions 

for only discretionary activities for the same of set of clusters. Again, she found that all 

slope coefficients were significant at a 95% confidence level, meaning a significant 

impact of the total time budget on all types of time allocation for all types of population 

groups.  
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Kitamura, van der Hoorn and van Wijk (1997) assumed that duration of every activity 

engagement during a day is optimal. This leads to the assumption that the observed time 

use pattern is an optimum time allocation, which may be expressed as follows: 
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where, 

q is the index for activity episode, 

TH is in-home activity engagement, 

T is 24 hours less work duration less round-trip commuting duration, 

Sq is travel time expenditure for episode q, and 

tq is the activity duration for episode q. 

 

In the above formulation, Uq is expressed as a function of tq, Sq, type of activity for 

episode q, and density of opportunities for the interested activity type and UH is 

expressed as a function of TH. Consequently, demand functions can be derived from the 

above formulation for the duration of each type of activity stud ied. The sample used for 

estimation consisted of all workers in the 1987-1988 California Time Use Data Set . The 

results showed a significant positive relationship between activity duration and travel 

time expenditure for that activity for activity types including grocery shopping, all 

shopping combined, and recreational activities. Duration of social activities was found to 

be insignificant in relation to the travel time expenditure for that activity. Lifecycle 

attributes and urban/suburban indicators were other important contributing factors. For 

example, urban households with teenagers increased the duration of all shopping 
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activities combined; urban households with two or more adults over 35 increased the 

duration of shopping activities; suburban househo lds with two or more adults under 35 

increased the duration of social activities; and suburban single persons under 35 increased 

the duration of social activities.  

 

Bhat and Misra (1999) modeled discretionary activity time allocation for four categories 

including in-home weekdays, in-home weekends, out-of-home weekdays, and out-of-

home weekends. They specified the utility function of category i as a function of the 

fraction of the total discretionary time allocated to that category and a reference variable  

representing the interested category. Individuals are assumed to maximize the total utility 

derived from spending time on activities of all four categories, which is the sum of the 

utilities derived separately from each category of activities: 
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where, 

 fi is the fraction of total discretionary time allocated to category i, 

 x is a vector of variables representing socio-economic variables of the individual, 

and 

 β i is a vector of parameters. 
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The usual constrained maximization procedures can be applied to derive demand 

functions for the duration of each category of activities. The data source used in 

estimation is a 1985 time use survey collected in the Netherlands. The sample for the 

study had 1,547 ind ividuals who were the heads of their households. Bhat and Misra 

found significant roles of household socio-economic characteristics in determining 

activity duration. For example, a higher number of autos in the household increased the 

expenditure on out-of-home activities both for weekdays and weekends. Number of 

adults in the household, on the other hand, decreased the expenditure on out-of-home 

activities, reflecting an inter-personal interaction. Individual socio-economic 

characteristics were also found playing significant roles. For example, elderly people 

spent less time on out-of-home activities both for weekdays and weekends than young 

people did. Effects across durations of different activities were also found. A higher 

expenditure on work activities reduced the expenditure on discretionary activities; those 

who worked longer hours on weekdays were more likely to pursue discretionary activities 

on weekends; those who commuted longer were less likely to pursue out-of-home 

activities on weekdays. 

 

A structural equations system may also be used to model activity duration. A number of 

researchers have used structural equation systems to estimate models of time expenditure 

on activities and travel. Flood (1985) developed four structural equation systems to 

examine time expenditures on various activities by male and female adults in the 

household. One system for home-related activities consisted of eight single equations, 

corresponding to home production, leisure, household work, and TV-watching activities 



 

 

48 

 

by males and females respectively. Estimation of such a system was performed by the 2 

Stage Least Squares method (2SLS). Another system modeled time expenditures on 

market work. Due to a large number of zero observations for market work for females, 

estimating the system using only observed values of time spent on market work for 

women would have resulted in biased estimates. Hence, a latent indicator, Z, that can take 

on any real value and is related to Y, the observed time, is used. This system is expressed 

as follows: 

 

mfmm ZY εγ ++= mmBX , 

fmff YZ εγ ++= ff BX ,  

),0max( ff ZY = , 

where 

Y is the dependent variable, observed time spent on market work, 

Z is a latent variable, defined as latent preference for time allocated to market 

work,  

X is a vector of explanatory variables, 

B is a vector of parameters, 

ε is the random disturbance term,  

subscript m refers to males, and  

subscript f refers to females. 
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Similarly, due to a large number of zero observations for child care and household repair 

activities, the system for child care and the system for home repair are expressed as 

follows: 

 

mfmm ZZ εγ ++= mmBX , 

fmff ZZ εγ ++= ff BX ,  

),0max( ff ZY = , and  

),0max( mm ZY = . 

 

Estimation of these systems is similar to the 2SLS method. First, maximum likelihood 

was used to estimate reduced forms of the equations in the system to obtain predicted 

values of Ym, Zf , Zm and Zf . Then, replace Ym, Zf,  Zm and Zf with their predicted values, 

and then estimate structural parameters by maximum likelihood. Flood found that there 

was no substantial gain in treating the allocation of time in the household as a system. 

The results estimated from structural equations systems were essentially the same as 

those from separate estimation of single linear equations, implying that there are limited 

effect between males and females’ time allocation behavior. In general, females’ time 

allocation had no significant effect on males’ time allocation behavior. Males’ time 

allocation had a significant effect only on females’ leisure and home repair activities.  

 

Golob (1990) examined how travel times by different modes interacted with each other 

and with car ownership over time using a longitudinal structural equation system with 

limited and categorical dependent variables. The sample he used were waves 3, 5, 7, and 
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9 of the Dutch National Mobility Panel study, which was initiated in 1984. He found that 

there were significant associations among travel times by different modes and with car 

ownership. Golob also found significant impacts of exogenous variables on travel times 

by different modes and car ownership both at the same point in time and in the previous 

year. The exogenous variables Golob examined included dynamic variables that were 

measured both at the same point in time and the previous year, and static variables that 

were measured only at the same point in time. Dynamic variables included two variables 

related to income, number of persons 18 or older in households, number of persons 12-17 

in households, households that were composed of 2 adults, presence of children less than 

12 years old, number of household drivers, presence of 3 or more drivers, and number of 

household workers. Static variables included four variables related to residential location.   

 

Fujii et al. (1997, cited in Kitamura et al., 1997) developed a structural equations system 

analyzing trade-offs between time expenditures on activities and travel. They found that a 

10-minute reduction of commute time would increase average total out-of-home activity 

duration by 1.88 minutes, average total in-home activity duration by 7.11 minutes, and 

average total travel time by 0.36 minutes. The number of home-based trip chains after 

returning home from work would increase about 30%, from 0.03 to 0.04. 

 

Using the 1994 Oregon Activity and Travel Survey, Golob and McNally (1997) 

estimated a structural equations model system examining the trade-off in time 

expenditure on different activities (work, maintenance, and discretionary) and 

corresponding travel to each type of activity separately by females and males residing in 
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the same household. The sample for their study had 1,292 couples. Similar to the study 

by Golob (1990), they not only found significant associations among the dependent 

endogenous variables, but also significant impacts of exogenous variables on the 

dependent variables.  

 

Lu and Pas (1999) examined the interaction between individuals’ activity participation 

and travel behavior, using the 1994 Oregon-Southwest Washington Activity and Travel 

Survey. The sample for their study had 2,514 individuals. They found that daily travel 

time increased with the amount of time spent on maintenance and out-of-home activities, 

but decreased with the amount of time spent on in-home activities. As for socio-

demographics, total daily travel time was positively related to age, income, and the 

number of workers, and especially negatively related to the number of vehicles and 

number of children. The likely explanation for the relationship to the number of vehicles 

is that households with fewer vehicles must rely more on slower transit and walk modes, 

resulting in a longer travel time. 

 

2.4. Sequencing Choices Related to Groups of Activities or Travels 

 

In activity scheduling, one must not only be concerned with choices related to a single 

activity, for example, activity type, duration, location and travel mode for the trip to the 

activity, but also must be concerned with choices related to sequences of activities. 

Individuals must decide in what way they would plan more than one activity into a 

schedule. Various frameworks have been assumed for planning more than one activity 
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and they fall into two categories: those who maximize utilities and those who satisfice. 

Satisficing is not in the sense of utility maximization under constraints, as some 

econometricians would suggest, but is in the sense of locating a cognitively simpler way 

than utility maximization to solve the problem (Simon, 1990).  

 

2.4.1. Behavioral Studies 

 

Hayes-Roth and Hayes-Roth (1979) 

 

The Hayes-Roth and Hayes-Roth (1979) study is one of the earliest studies in errand 

planning (activity scheduling). They asked a group of subjects to plan a list of errands for 

a day in a hypothetical town (a map of the hypothetical town was provided at the  

experiment). In planning, subjects were asked to think aloud and their verbal protocols 

were recorded. From recorded verbal protocols, Hayes-Roth and Hayes-Roth concluded 

that individuals’ errand planning processes were largely multi-directional and 

opportunistic. Being multi-directional means that subjects plan at various points in the 

temporal sequence and they may not follow an orderly chronological sequence. Being 

opportunistic means that “at each point in the process, the planner’s current decisions 

and observations suggest various opportunities for plan development. The planner’s 

subsequent decisions follow up on selected opportunities. Sometimes, these decision-

sequences follow an orderly path and produce a neat top-down expansion as described 

above. However, some decisions and observations might also suggest less orderly 

opportunities for plan development” (Hayes-Roth and Hayes-Roth, 1979, pp. 276).  
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Ettema et al. (1994) 

 

In connection to the theoretical framework of SCHEDULER (Gärling et al., 1989) and 

the modeling framework of SMASH (Ettema, 1993), Ettema et al. (1994) performed an 

interactive computerized data collection effort to reveal the nature of activity scheduling 

processes and to test theories and models proposed by both SCHEDULER and SMASH. 

As subjects of their experiment, 39 students at the Eindhoven University of Technology 

were recruited. The experiment consisted of two parts: the first part was to collect 

information needed for the scheduling simulation and the second part was the actual 

simulation experiment. In the first part, subjects were presented with a list of activities 

and were required to provide the following list of information: 

 

• “the last time the activity was performed (days ago), 

• the average frequency of the performance of the activity (times per month), 

• the time it takes to perform the activity, 

• the likelihood that the activity will be performed on a target day (on a 0-10 scale), 

• whether the activity will be performed on the planning day according to an 

arrangement in which other people are involved (yes/no), 

• for each location at which an activity can take place: 

- the name of the location, 

- the hours at which the subject can perform the activity at this location, 

- the attractiveness of the location on a 0-10 scale, and 
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- the address of the location.” 

 

In the second part, subjects were asked to create a schedule for a day by performing one 

of the four transaction actions: adding a new activity to the schedule, deleting an existing 

activity from the schedule, substituting an existing activity with a new activity, or 

modifying an existing activity. Scheduling also included specifying starting and ending 

times of activities. If any inconsistency were found in the schedule, subjects may or may 

not reschedule. The end output of scheduling was a complete schedule of activities with 

locations and starting and ending times for a day.  

 

The results showed that subjects adopted a rather straightforward strategy in scheduling. 

The average number of operations for ADD, DELETE, RESCHEDULE, and MODIFY 

were 11.50, 0.53, 0.69, and 0.22 to complete a schedule. The substantial differences 

between the number of operations for ADD and those for other actions suggest that once 

activities are added to the schedule, subjects hardly revised them. This finding differs 

from the finding by Hayes-Roth and Hayes-Roth (1979) who found that errand planning 

processes were multi-directional and opportunistic, involving many revisions. A possible 

explanation for the difference is the differences in context. In the Hayes-Roth and Hayes-

Roth experiment, subjects were asked to plan in an unfamiliar hypothesized town 

whereas in the experiment by Ettema et al, subjects were asked to schedule in their own 

familiar environments. This probably implies that there exists a difference between 

planning in familiar context and planning in unfamiliar contexts. 
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Other findings from the experiment include: 

 

• a majority (83%) of added activities was added as the last activity to the schedule, 

implying that in general, subjects plan in a forward moving order along the time 

line, 

• adding actions tend to take place in earlier stages of the planning process while 

other actions tend to take place in later stages of the planning process, 

• activities with high priorities tend to be added or rescheduled while activities with 

low priorities tend to be deleted, 

• activities that are either deleted or rescheduled tend to have smaller amounts of 

time between the time of scheduling and the time when the activity can start, 

• activities that are either deleted or rescheduled tend to have larger amounts of 

time between the time of scheduling and the time when the activity must finish, 

• activities that are either deleted or rescheduled tend to have slightly shorter 

durations, 

• adding an activity causes 9.06 minutes of extra travel time on average; deleting an 

activity saves about 2.53 minutes of travel time; rescheduling an activity saves 

about 4.38 minutes of travel time, 

• activities with high priorities were scheduled first, followed by those with lower 

priorities, 

• activities with earlier starting and ending times were scheduled earlier, 

• activities with longer durations were scheduled earlier than those with shorter 

durations, 
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• subjects appear to be more willing to accept longer travel times for longer 

duration activities later in the day than earlier in the day, and 

• subjects are willing to accept longer travel times for activities that finish earlier.  

 

Doherty (2000a) 

 

Doherty (2000a) conducted a week- long survey: Computerized Household Activity 

Scheduling Elicitor (CHASE), on 41 households to examine activity scheduling and 

rescheduling processes. The survey consisted of two parts: up-front interviews and the 

scheduling part. In the up-front interview, basic household characteristics related to 

residential, travel mode and socio-demographic characteristics were recorded. Subjects 

were also asked to fill in information about activities contained in the household activity 

agenda. To do this, a set of pre-defined activities was presented to households. For each 

activity type presented, households were asked to describe in their own words, the 

specific nature of the activity performed as well as their attributes including the 

frequency, duration, alternative locations, earliest starting and latest ending times, and the 

last time they performed it. For all activities except shopping activity, only the most 

visited location was requested. For shopping activities, all alternative locations were 

requested. 

 

In the second part of the scheduling survey, subjects were asked to log in the CHASE 

program at least once a day for a week to add any activities they had thought of doing 

before logging in and to modify, or delete attributes of activities either for future 
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appointments or for previous periods. All activities longer than 10 minutes were required 

to include and all transactions that were made by subjects were recorded.  

 

On average, adults spent about 16 minutes per day and children about 9 minutes per day 

completing their schedules. Overall, for 61 adults recorded in the sample, adding actions 

were about 79% (6,044) of the total actions; modifying actions about 17% (1,290); and 

deleting actions about 4% (305). Among all modifications, 73% were related to starting 

and ending times of activities; 8% to accompanying persons; 7% to activity type; 6% to 

location; 4% to travel time; and 2% to travel modes. There were significantly more 

adding actions at the beginning and end of the week, while they remained stable between 

them; the number of modification actions remained stable throughout the week; and the 

number of deletion steps varied very little after the first day.  

 

About 1,595 activity modifications and deletions were made for tangible reasons and 

another 1,043 were made as the result of input errors. In terms of scheduling horizons, 

51% of the adding actions, 21% of the modifications, and 19% of the deletions were 

recorded before the actual occurrence of the activities while others were recorded after 

the fact. The results also indicated impulsive activities (activities occurring at the 

moment) took a substantial amount of all executed activities (about 30% were scheduled 

impulsively), in addition to about one half of the activities which were scheduled one or 

more days before the execution; 60% of the modifications were occur ring at the moment; 

and 41% of the deletions were also occurring at the moment. 
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Further analysis of the results showed that (Doherty, 2000b) a single pattern cannot 

describe the ways that transaction actions (adding, modifying, and deleting) were 

performed over the entire week. By visual inspection, Doherty divided scheduling 

behaviors into three groups: straightforward scheduling behavior, semi-structured, but 

straightforward scheduling behavior, and highly structured, unordered and opportunistic 

behavior. The straightforward scheduling behavior was characterized by a low level of 

routine activities, a low level of subsequent transactions, and a high level of impulsive 

activities. The semi-structured, but straightforward scheduling behavior had a high leve l 

of routine activities and transaction actions which included adding, modifications, and 

deletions; still, a large proportion of these decisions were impulsive. And last, the highly 

structured, unordered and opportunistic behavior was characterized by a high level of 

routine activities and transactions actions; moreover, modifications were significantly 

more frequent than the other two types. 

 

2.4.2. Modeling Frameworks 

 

2.4.2.1. Those that Maximize 

 

A simple application of the utility maximization framework into choices related to 

sequencing activities is to assume that individuals are able to enumerate all possible 

activity and travel patterns and choose one that maximizes their utilities. With this 

assumption, Adler and Ben-Akiva (1979, pp. 248) developed conditional logit models to 

model individuals’ activity and travel patterns, which were characterized by “the number 
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and characteristics of destinations chosen for non-work activities, the modes used to 

travel to those destinations, and by the number of tours used to travel to the set of 

destinations.” The utility of a particular travel pattern was expressed as a function of its 

scheduling convenience, non-home activity duration (excluding travel time), remaining 

income after travel expenses, attributes of the activity sites in the travel pattern and socio-

economic characteristics of the household. Scheduling convenience represented how well 

a travel pattern fit in the schedule of household activities. They found that sojourns 5 per 

tour6 decreased the utility while the total number of sojourns in the entire pattern 

increased the utility. This indicates that individuals appear to prefer smaller but multiple 

tours done in the day. Another variable, representing the scheduling inconvenience, the 

fraction of tours containing non-work sojourns in the pattern that were associated with 

work trips, had a negative coefficient, indicating that although having a higher fraction of 

tours containing non-work sojourns that were associated with work trips was efficient, it  

implied higher scheduling inconvenience. Parameters of transportation related variables 

such as travel time and travel cost were found to be negative, indicating the disutilities 

associated with travel. For destination related variables, both retail and service densities 

were found to increase the utility of the travel pattern; the fraction of parking area also 

had a positive effect. In estimation, household characteristics were used to distinguish 

those patterns with work trips and those without. It was found that the number of non-

workers in the household decreased the utility of no-travel patterns. Household income, 

however, increased the utility of no-travel patterns. 

 

                                                 
5 Defined as a visit at a place remote from home. 
6 Defined as a set of consecutive trips that begin and end at an individual’s home. 
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A potential weakness of the Adler and Ben-Akiva model is that the utility maximization 

assumption is probably invalid in reality. As discussed earlier, individuals are limited to a 

limited amount of information and are only able to process a certain amount of it. It 

appears that one ought to reduce the number of alternative patterns that are available to 

an individual. One way to do this is by assuming a more organized, multi- level decision 

framework. To study activity and travel-related decisions and their interactions with 

information technology, Ben-Akiva et al. (1996) proposed a theoretical framework of 

activity scheduling. The formation of an individual’s daily activity and travel pattern was 

viewed as a hierarchical and multi-dimensional process. First, the individuals chose their 

daily activity patterns characterized by a set of home-based tours. Second, given spatial 

and temporal constraints, the individuals chose whether to combine activities into a single 

tour or into multiple tours. Third, for each tour in the daily activity and travel pattern, the 

individuals chose their destinations, timing and travel time. Activities and tours were 

associated with different levels of priorities. Decisions related to lower level priority 

activities were conditional upon decisions related to higher level priority activities; 

decisions related to lower priority tours were conditional upon decisions related to higher 

level priority activities.  

 

The models reviewed here have a common feature: simultaneous structure. In other 

words, individuals are assumed to select a particular activity and travel pattern first, and 

then make further decisions on either tour-related attributes or activity/trip-related 

attributes. An alternative to simultaneous structure is sequential structure in which 
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individuals are assumed to decide activities or trips one by one. Previous activities and 

trips influence decisions on current and future activities and trips.  

 

An example of a model that assumes a sequential decision structure is Kitamura and 

Fujii’s PCATS (1996). PCATS focuses on Hägerstrand’s time-space prisms. The model 

divided time periods into two: open periods and blocked periods. Open periods were the 

ones when people had activity and travel choices. Blocked periods were the ones in 

which people were committed to performing certain activities at fixed locations. The 

ending time and the location of a blocked period and the starting time and the location of 

the subsequent blocked location defined the time-space prisms where people can 

maneuver. 

 

Activity engagement was assumed to be a sequential choice, performed activity by 

activity. Within one activity, choices regarding activity type, duration, starting time, 

location and mode choice were assumed to be made sequentially as well. The probability 

associated with an activity travel pattern is assumed to be: 

 

 Pr[A, B, C,…] = Pr[A]Pr[B|A]Pr[C|A, B]… 

 

Where A, B, C… refer to activity engagements, for example, leave for work at 6:00 A.M. 

by car. Using this decomposition rule, the entire activity travel pattern can be expressed 

by a product of probabilistic elements, each associated with an activity. Each of these 

probabilistic elements can then be further decomposed into conditional probabilities 
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associated with respective activity and travel decisions including activity type, duration, 

starting time, location, and mode choice.  The sequence adopted in the study to define 

conditional probabilities is: activity type → location → travel mode → activity duration. 

 

The distribution of durations of activities in open periods was assumed to be determined 

by activity type. The parameter of the distribution was assumed to be determined by 

personal attributes and other explanatory variables. Weibull distributions were used in 

PCATS. Four types of explanatory variables were used: person and household attributes, 

past activity engagement, time of day, time availability and location type indicator.  

 

The activity type choice model was a two-tier nested logit model. In the upper tier, three 

broad classes of activities were assumed: in-home activity, activity near the next fixed 

activity and general out-of-home activity.  What class was selected was determined by the 

time-space prism characteristics. If in-home activity was chosen, the choice was then 

between whether to engage in out-of-home activity subsequently or not to engage in out-

of-home activity in the current open period in the second tier. If activity near the next 

fixed activity was selected, travel to the next fixed activity was simulated. If the general 

out-of-home activity was selected, the choice was classified into six activity types in the 

second tier: meal, social, grocery shopping, comparison shopping, hobbies and 

entertainment, and sports and exercises.  

 

The destination and mode choice model was also formulated as a two-tier nested logit 

model. The upper tier concerned the choice of destination and the second tier concerned 
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the choice of travel mode, given the destination. Municipalities were used as the unit in 

destination choice models and travel modes were classified as public transit, automobile, 

bike and walk.  

 

Another model of sequential structure is the one developed by Kitamura, Chen, and 

Pendyala (1997). They developed a sequential framework to generate daily activity and 

travel patterns, given person and household characteristics. The framework was similar to 

that in PCATS (Kitamura and Fujii, 1996). A sequential process was assumed in forming 

the daily activity and travel patterns. Previous decisions determined current and future 

decisions. Decisions within an activity (e.g., activity type, duration, starting time, 

location, travel mode etc.) also followed a sequential process.  

 

Ma and Goulias’ framework (1998) combined the Ben-Akiva and Bowman approach 

(1996) and Kitamura et al. (1996, 1997). It was assumed that an individual first chose an 

activity pattern and a travel pattern. Given this choice, the individual decided when to 

leave home. Home departure time was modeled by competing risk models which yielded 

not only the timing of a departure, but also the probabilities associated with types of 

activities that the person may participate in. With this information, they can determine 

what type of activity was chosen as the first activity. Given the type of activity, they then 

applied duration models with competing risks to decide how long the person would spend 

on the first activity as well as probabilities associated with subsequent activity 

engagement. Given the type of activity and activity duration, travel time to the next 



 

 

64 

 

activity can then be decided. These activity choice and activity duration models were 

repeatedly applied until a termination point is reached (i.e., the modeling period ends). 

 

Bhat and Koppelman (1993) assumed a separate process between activity program 

generation and scheduling. In other words, an activity program was an agenda of 

activities along with their detailed attributes including frequency, duration, destination, 

mode and time window for participation. The activity program was first generated, 

followed by activity scheduling, which was sequencing of activities within the activity 

program. Sequencing of activities was completed by first fulfilling the needs of essential 

activities followed by leisure activities.  

 

In modeling daily activity and travel patterns, Recker et al. (1986a, 1986b) assumed that 

individuals always chose patterns that maximize their utilities. They however recognized 

that it was impossible for individuals to go through all possible patterns. They assumed 

that individuals went through a sequential process from having all feasible alternative 

patterns to a set of manageable perceived alternative patterns. Generation of all feasible 

alternative patterns was influenced by the individual’s needs and desires, household role 

and structure and transportation system supply. Not all feasible alternative patterns were 

perceived by the individual due to limited information processing ability. Only those 

alternatives with distinct characteristics were perceived. Such a set may still be too large 

for individuals to handle. They may employ some decision rules to further narrow the set 

to a set of manageable perceived choices.  
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Recker et al. recognized that there were both planned and unplanned activities in 

individuals’ daily activity and travel patterns. Planned activities were conceived before 

the first activity on the agenda took place. Unplanned activities were not conceived 

before the first activity on the agenda took place. The utility of a daily activity and travel 

pattern was composed of the sum of the utilities of planned activities and unplanned 

activities.  

 

The utility of planned activities was assumed to be composed of three elements related to 

time: travel time (if any) to the activity, waiting time preceding the activity starting time, 

and activity duration. Participation in an activity required a sufficient amount of time, 

therefore, the individual must predict whether he/she had a sufficient amount of time to 

participate in the activity. The predication was based on the expected utility of 

participation in an activity, which was equal to the product of the utility of time spent on 

the activity and the  probability that a sufficient amount of time would be allocated to 

complete the activity.  

 

Unplanned activities arise due to unforeseen events. Unplanned activities were inserted 

into the planned activities in the agenda. Recker et al. (1986a) assumed that the potential 

to participate in unplanned activities was a function of the number of activity locations 

that an individual can assess within a time sufficient to participate in the activity. They 

specified that the utility of participating in a particular unplanned activity at a particular 

location was the product of the utility of the time spent on the activity multiplied by the 

probability that the unplanned activity would take place during a certain time and the 
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probability that the unplanned activity would be participated in at the location given that 

the activity would occur during a certain time.  

 

The operational model they developed was called STARCHILD (Simulation of 

Travel/Activity Responses to Complex Household Interactive Logistic Decisions). The 

STARCHILD model consisted of five modules: TROOPER, SNOOPER, GROOPER, 

SMOOPER, and CHOOSER. The TROOPER module analyzed household interaction 

and specified activity programs for each household member. Once the activity program 

corresponding to each household member was specified, a set of feasible activity and 

travel patterns was generated via SNOOPER. The set of feasible activity and travel 

patterns generated by SNOOPER may be too large for the individual to handle. 

Furthermore, differences between some patterns were too subtle for the individual to 

distinguish them from each other. Thus, the size of the set was reduced by GROOPER to 

a set containing only distinct and independent patterns. Such an independent pattern set 

was further reduced to a non-inferior set by applying individual decision rules 

(SMOOPER). This was based on the assumption that the actual choice set in decision 

making may be small such that individuals with limited information processing ability 

could compare them and select the one that maximized his/her utility. The non- inferior 

set may also be called a non-dominant set in the sense that there existed no pattern that 

exceeded all other patterns in every objective and improvement in one objective must 

cause an degradation in at least one other objective. The final activity and travel pattern 

was selected from the choice set by CHOOSER using a multinomial logit model.  
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2.4.2.2. Those that Satisfy 

 

The above models are based on utility maximization. The utility maximization principle 

is often too perfect and unrealistic an assumption about human behavior in reality for 

reasons that have been presented earlier. Psychologists believe that individuals use 

heuristics to solve problems (Kahnman and Tversky, 1982). Heuristics are rules, most 

commonly, “if….then” rules, that individuals use in problem solving. Another name for 

models that use heuristics is rule-based models. An alternative to the use of heuristics is 

the use of exhaustive alternative enumeration and evaluation, like those used in models 

based on the utility maximization principle. The use of heuristics often results in errors 

and biases, leading to a choice that is not utility maximizing, but satisficing. Activity 

scheduling is a task in which individuals must predict the occurrence of future events that 

often involve uncertainties; it is likely a task that is solved the use of heuristics (Kahnman 

and Tversky, 1982; Gärling et al., 1989).  

 

The Hayes-Roth and Hayes-Roth Model (1979) 

 

Based on the two essential findings about errand planning processes (opportunistic and 

multi-directional), Hayes-Roth and Hayes-Roth proposed a model shown in Figure 2.1.  
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Figure 2.1: Hayes-Roth and Hayes-Roth’s Model of Five Specialists (Hayes-Roth and Hayes-Roth, 1979) 
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The Hayes-Roth and Hayes-Roth model consisted of five cognitive specialists, each 

responsible for a particular aspect of tasks. All specialists recorded their decisions on a 

blackboard. The blackboard enabled mutual communication among specialists; in other 

words, a specialist may receive earlier decisions from the blackboard, generate new 

decisions, and then record them on the blackboard. Among the five cognitive specialists, 

there was a super specialist, called executive. The executive specialist supervised the 

decisions made by other cognitive specialists; it may schedule order of specialists to be 

executed, resolve conflicts if any, or interrupt any currently executing specialists. Such a 

structure enabled scheduling processes to be multi-directional; specialists may move 

freely on the blackboard and earlier decisions may be revised at any time if necessary. 

 

Each specialist was responsible for three or more decisions, which formed a hierarchical 

structure of abstraction7. Communications between different levels of abstraction may 

take place within a specialist or between different specialists. Partitioning each specialist 

into decisions with different levels of abstraction enabled scheduling processes to be 

opportunistic.  

 

The five specialists were executive, meta-plan, plan abstraction, plan, and knowledge 

base. As mentioned earlier, the executive specialist supervised communications of the 

other four specialists; set priorities; scheduled execution orders of other specialists; and 

resolved conflicts if any. The meta-plan specialist provided information on how to 

approach the problem; it defined the type of problem at hand; laid out strategies; and 

selected criteria to evaluate alternative solutions. The knowledge base specialist provided 
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observations and computations that may be relevant to planning processes; it determined 

the importance levels of activities; observed a spatial cluster of activities; identified the 

closest neighbor from a particular point; and discovered a short cut in going from one 

place to the other. The plan abstraction and plan were the two specialists that determined 

the actual development of the plan. The plan abstraction specialist determined the desired 

attributes of potential decisions. In other words, it characterized a desired action without 

specifying the action itself. For example, the planner might desire a sequence of activities 

with the shortest distance, but not specifying the actual sequence itself. The plan 

specialist, on the other hand, specified the actual action, desired by the plan abstraction 

specialist. For example, the plan specialist may identify the actual sequence and the route 

that can be taken to perform a sequence of activities with the shortest distance. In the 

following, each specialist would be described in detail. 

 

Executive. The executive specialist had three levels of abstraction: priorities, focus and 

schedule. At the highest priorities level, the specialist determined the priorities in 

approaching the problem. For example, the planner might decide to determine what to do 

first, followed by how to do it. At the next focus level, the executive specialist 

determined which one of the other four specialists to be executed at a particular point of 

time. At the lowest level of schedule, the executive specialist resolved conflicts; in other 

words, if more than one specialist could be initiated given priorities and focus, the 

executive must schedule an execution order of different specialists.  

 

                                                                                                                                                 
7 This is true except for specialist Meta-Plan. 
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Meta-Plan. Unlike those under the other four specialists, decisions under the meta-plan 

specialist did not form a hierarchy; instead, each characterized one aspect of the planner’s 

approaching the problem. In the problem definition, the Meta-Plan specialist attempted to 

understand the problem by defining the goal, the constraints, and resources available. In 

the problem solving model, the planner characterized the problem into one of the known 

decision models. For example, the planner might characterize the scheduling problem as 

a traveling salesman problem. Then, in the policy decision, the planner might specify 

desired features of the final plan. For example, the planner might desire the final plan to 

have minimum cost. Finally, in the evaluation criteria decision, the planner specified how 

to evaluate alternative plans.  

 

Plan Abstraction. Decisions in the plan abstraction specialist specified desired features in 

the actual plan construction. For example, in the intentions decision, the planner might 

want to establish a list of important activities. In the scheme decision, the planner might 

want to come up with a design that formed a spatial cluster of activities. In the strategies 

decision, the planner might want to identify the nearest neighbor from the current 

location. And in the tactic decision, the planner might want to find a short cut to from one 

location to another.  

 

Plan. Decisions in the plan specialist corresponded to those in the plan abstraction. For 

example, in response to the intentions decision in the plan abstraction specialist, the 

planner might identify a list of important activities in the outcome decision. In response 

to the scheme decision, the planner came up with a design featuring a spatial cluster of 
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activities in the design decision. Corresponding to the strategies decision, the planner 

might come up with an exact sequence of activities in the procedure decision. And last, in 

the operations level, the planner might determine a specific route to go from one place to 

another. 

 

Knowledge Base. The knowledge base was the specialist that connected between plan 

abstraction and plan specialists. Questions were raised in the plan abstraction specialist; 

observations and computations that bore answers of those questions were contained in the 

knowledge base specialist, which were then obtained by the plan specialist. For example, 

in the errand decision, the planner might determine the relative importance of activities. 

In the next layout level, the planner might observe a spatial cluster of several activities. In 

the next neighbor decision, the planner might identify a closest activity. And in the last 

route level, the planner might detect a short cut between activities. 

 

Errand planning processes went through a series of cycles. At the beginning of each 

cycle, a number of specialists were invoked (their invoking conditions have been 

satisfied). Then, the executive specialist selected one to be executed. Execution of a 

specialist further invoked another number of specialists, which began the next cycle. The 

executive specialist would terminate the process if the planner has obtained a consistent 

schedule for errand planning and the schedule has met all evaluation criteria specified.  
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Gärling et al. (1989) 

 

Gärling et al. (1989) conceptualized a theory of household activity scheduling. The 

theory was based on a number of assumptions: 

 

• household members have prior preferences for activities as well as their frequency 

and duration, 

• preference and priority determine what activities will be selected for the current 

schedule, and 

• activity scheduling follows a number of decision making principles, which are 

listed as follows: 

• “individuals have an intermediate time horizon” (pp. 238), meaning that 

individuals may not make complete plans for all activities to be executed 

within a period and they start executing them before all activities are planned, 

• individuals make decisions based on their perceived information which may 

be incomplete and distorted, 

• “due to limited information processing capability, heuristics rather than 

optimizations are used” (pp. 238), 

• over time, repeated activities form routines, and 

• people make scheduling decisions over several activities at one time. 
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Figure 2.2: Gärling et al. (1989)’s Model Components 
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Implementation of the theory was based on the following set of assumptions: 

 

• routine activities are not modeled, 

• the model is assumed to consist of the following components: household, 

environment, travel modes, activities, and memory representation, 

• a household has two members, 

• the “environment consists of a set of locations connected by distances” (pp. 239), 

• only two travel modes are considered. One is always available and is faster for 

short distances. The other mode is only available between certain locations and is 

faster for long distances, 

• activities are assumed to have fixed durations. Three types of activities are 

considered: those that must be performed by both household members; those that 

can be performed by either household member; and those that can be performed 

only by one of the household members, and 

• “each member of the household is assumed to have a memory representation of 

the environment, the travel modes, and the set of activities. The representation is 

assumed to be accurate and complete” (pp. 239).  

 

The model (Figure 2.2) consisted of three processes: the scheduler, executor and social 

interaction operator. In the scheduler, each household member was assumed to have two 

memory structures: long-term calendar and short-term calendar. The long-term calendar 

stored information about a list of activities, their durations, and priorities; the short-term 

calendar stored information about activities to be executed. The scheduler basically 
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performed four functions: Constraints Identifier (CI), Sequencer (SE), Mental Executor 

(ME), and Conflict Resolver (CR). The Constraints Identifier identified constraints 

associated with activities and assigned priorities to each long-term calendar. Constraints 

were identified based on information from the outside environment and from other 

household members’ schedules. Priorities were assigned based on individuals’ own 

preferences and future commitments during the scheduling period (e.g., individuals may 

have made appointments to perform a particular activity at a particular time slot.). Once 

constraints were identified and priorities were assigned to each activity in the long term 

calendar by the CI, it was the task of the Sequencer to select a subset from activities in 

the long term calendar, store them into the short-term calendar, and sequence them. 

Selection of activities was done in the order of decreasing priorities; the selection process 

stopped when one of the following three conditions occurred: there was a dramatic drop 

in the priority level; the remaining available time for scheduling was approximately equal 

to zero; or the number of activities to be scheduled has exceeded a threshold. Sequencing 

activities was done by performing two functions sequentially: the first was ordering 

selected activities into a partial order on the basis of when the activity can be performed 

earliest; the second was selecting activity locations for activities based on the nearest 

neighbor rules. Such a sequential process in the Sequencer implicitly assumed that 

individuals decided orders of activities first, followed by locations of activities. Output 

from the Sequencer was a partial order of activities along with their locations. They were 

then input into the Mental Executor, whose task was to work out a detailed schedule of 

activities, including activity type, duration, location and starting time. Mental Executor 

drew information about activity duration and other temporal and spatial constraints from 
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the long-term calendar. The detailed schedule from the Mental Executor may not be 

logically consistent and thus impossible to execute. The Conflict Resolver resolved these 

inconsistencies by first attempting to change orders of activities that were in conflict. If 

the conflict was not solved, the Conflict Resolver then attempted to change orders of 

activities that were scheduled before those in conflict. In either case, the Sequencer may 

be initiated because new order constraints may be imposed. The Sequencer then must 

find new locations given the newly imposed order constraints. If the conflict was still not 

resolved after the mental execution, the Conflict Resolver would attempt to delete 

activities with lower priorities from the short-term calendar and store them into the long-

term calendar.  

 

Once conflicts were resolved, executor started to execute activities in the short term 

calendar. The short-term calendar served as a bridge between the scheduler and the 

executor to ensure the interaction between the two. The interaction between the two can 

be in two directions, i.e., in execution, there may arise a need to reschedule and this 

would initiate the scheduler. 

 

In the social interaction process, it was assumed that one household member’s scheduling 

dominated the other household member’s. The one who started scheduling first 

dominated the other and the order of who started scheduling first was random. Activities 

that can be performed by either household member would be deleted from the second 

household member’s schedule if they could be fit into the first household member’s 

schedule. For activities that must be performed by two household members together, a 
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feedback was built from the second household member’s schedule to the first household 

member’s schedule. If the second household member  could not schedule activities that 

must be performed by both members, such activities were deleted from the first 

household member’s schedule.  

 

Gärling et al. (1994, 1998) 

 

Gärling et al. (1994, 1998) developed a theory of activity scheduling based on their 

previous work (1989). The basic assumption in the theory was that people engage in 

activities to satisfy their needs. Daily activities consisted of routine and non-routine 

activities. Routine activities were pre-determined and fixed in time and space and served 

as constraints over non-routine activities. In general, routine activities dominated non-

routine activities and only when a non-routine activity became extremely important, it 

can be replaced by a routine activity. Therefore, scheduling was mainly determining 

attributes of non-routine activities in the schedule, i.e., determining their duration, 

location, and starting time.  

 

The scheduling theory consisted of the following components. First, information about 

the external physical environment were acquired and stored into a long term memory of 

high capacity, called the cognitive map. Information stored in the cognitive map was 

frequently acquired, maintained, and updated. Information stored in the cognitive map 

possessed three properties: information included routes, locations, speeds, distances, and 

store opening hours and this information may be inaccurate; repeated access to the 
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information would increase access speed and reduce inaccuracies; and information that 

has not been accessed for some time would become more inaccurate and difficult to 

access. Information about activities was stored in another long term memory, called the 

long term calendar. Information stored in the long term memory included optional 

locations where activities can be performed, minimum durations for their performance, 

and suitable hours for performing activities at different locations. Information needed for 

execution was stored in the short term memory; it may or may not include duration, 

location, mode choice, travel time, starting time etc. depending on how detailed the 

schedule was.  

 

Figure 2.3 illustrated stages of information processing in the theory. Information 

processing among the cognitive map, long term calendar and short term calendar 

consisted of several stages. Information about the external physical environment was first 

acquired by the individual and formed the individual’s cognitive map, which was the 

cognitive image of the outside structure (Horton and Reynolds, 1971). Together with the 

long term calendar, the cognitive map was input into the Scheduler. The output from the 

Scheduler was a tentative schedule, stored in the short term calendar. If all information 

about the schedule in the short term calendar was complete, the schedule was executed by 

the Executor. If not complete, more information must be acquired from the external 

environment.  

 

Several processes took place among stages of information processing. The retrieval 

process took place at several stages. It acquired information from the external 
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environment and formed the individual’s cognitive map in memory. It activated a number 

of activities in the long term calendar to be scheduled; what activities to be activated 

depended on the importance and utilities of activities. For activities to be scheduled, 

information about their duration location and opening hours was again retrieved from the 

cognitive map.  

 

The theory addressed several characteristics of scheduling. Individuals may schedule one 

activity at one time or several activities simultaneously depending on the circumstances. 

In terms of the order of scheduling, it was assumed that important activities were 

scheduled first followed by trivial activities, provided that the activities satisfied the 

individual’s preferences and spatial and temporal constraints. As for strategies for 

scheduling, it was assumed that use of strategies depended on circumstances. In a single 

problem solving, more than one type of strategy may be used. In complex problems, 

simple and non-compensatory strategies were more often used compared to 

compensatory strategies. Capability to learn was also a unique feature in activity 

scheduling. Info rmation in the long term calendar and cognitive map changed as the 

individual learned. The cognitive map became more complete and accurate and more 

information on when and where activities can be performed was acquired in the long term 

calendar. New information can also be acquired during scheduling and execution.  
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Figure 2.3: Gärling et al. (1998)’s Model Components 
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A simplified operational model was developed based on the following assumptions: 

 

• only a subset of activities is available for individuals to schedule for a given time 

period, 

• scheduling consists of incremental choices of activity type, location, and starting 

time; choice of travel mode is not addressed, 

• choices are made according to a linear compensatory strategy, 

• variations of utilities of activities over time are given, 

• no learning takes place, and 

• routine activities are defined as fixed in time and space. They have high priority 

to be performed during the time they are scheduled to perform. 

 

Scheduling of activities was completed by repeatedly calculating priorities of activities 

stored in the long term calendar in the order of their anticipated utilities and selecting 

activities with highest priorities into the schedule. Priorities of activities were determined 

by a hierarchical order of judgements, shown in Figure 2.4: 

 

where, 

ACTIVATION tj is the state of readiness to perform an activity j at time t, 

NRACT is the number of activities already scheduled, 

ACTUTILITYtj is the anticipated utility of performing activity j at time t, 

COSTtj the cost of performing activity j at time t, 
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Figure 2.4: Hierarchical Organization of Choice Rules (Gärling et al., 1998) 
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TIMEPRESStj is a judgement of whether there is sufficient time to perform 

activity j at time t, 

ACTDURATIONj is the duration of activity j, 

TRAVAVERtok is a judgement of the cost to travel from the current location o to 

location k where the activity can be performed, 0 

LOCAVERtk indicates how aversive the location k is at time t, 

TRAVTIMEtok is the travel time at time t from location o to location k, 

WAITTIMEtk denotes waiting time before the activity can be performed in 

location k at time t, 

TIMELEFTtjk denotes a judgement of how much time is available in location k 

until it closes, 

TIMEHORIZON is the time when the next activity is scheduled, 

CLOSEHOURk is the closing hour at location k, 

OPENHOURk is the opening hour at location k, 

HOURt is the current time at time t, and 

LOCXo, LOCYo, LOCXk, LOCYk are x-y co-ordinates of locations o and k. 

 

The hierarchical organization indicates that the priority of activity j depends on 

individuals’ readiness of activation to perform activity j at time t, the anticipated utility of 

performing activity j at time t, and the cost of performing activity j at time t. The cost in 

turn depends on the judgment of whether there is sufficient time to perform activity j at 

time t and the judgement of the cost to travel from location o to location k at time t. The 

judgement of whether there is sufficient time to perform activity j at time t can be 
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calculated as adding the current time and activity duration together and then subtracting 

by the time when the next activity is scheduled. The judgement of the cost to travel from 

location o to location k at time t can be calculated by considering how aversive location k 

is at time t, the travel time from location o to location k, the waiting time before the 

activity can be performed in location k at time t, and a judgement of how much time is 

available in location k until it closes. 

 

Ettema (1993) 

 

Ettema (1993) developed a model called “SMASH” to create schedules for a day. The 

following types of data were assumed to be available: 

 

• an agenda containing activities to perform, 

• duration and priorities of activities, and 

• opening times of facilities, travel times between all pairs of locations, and 

attractiveness of locations. 

 

Starting from an empty schedule, a scheduling process was completed by repeatedly 

performing the four transaction actions: adding a new activity to the schedule, deleting an 

existing activity from the schedule, substituting an existing activity with a new activity, 

and stopping the scheduling process. The last action: stopping the scheduling process, 

took place only once and when this happened, the final schedule was created. At any 

time, only one of the four steps may be selected and performed. Which of the above four 
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actions to take was determined by the following utility function (the utility of stopping 

action is zero by definition): 

 

∑++++=
=

9

1
321

l
lljjjjjjjj YCOUNTSINCETIMESV γβββα  

where,  

 

Vj = utility of action of type j (the action types will be denoted by subscripts add, 

del, and sub), 

αj = an alternative specific constant for action type j, 

TIMESj = number of actions of specific type j that has been taken so far, 

SINCEj = number of scheduling steps since last performance of action of type j, 

COUNTj = number of scheduling steps applied so far in scheduling process, 

β j1, β j2, β j3 = parameters associated with TIMESj, SINCEj, and COUNTj, 

Yl = attributes of schedule resulting from action (l = 1, …,9), and 

γl = parameters associated with Yl. 

 

The nine attributes represented by Yl are specified as follows: 

 

• Spatial configuration: individuals are supposed to minimize distances between 

activities, 

• The time spent on activities: individuals are assumed to maximize the amount of 

time spent on activities, 
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• The percentage of scheduled activities: individuals are assumed to try to include 

as many activities as possible, especially high priority activities, 

• The location of activities in the schedule in relation to the locations of activities 

not yet scheduled: individuals are assumed to prefer an activity in such a location 

where other activities can be performed in its vicinity, 

• The attractiveness of a location visited: individuals are assumed to try to optimize 

utility of the schedule by visiting locations with highest utilities, 

• The total travel time implied by the schedule: individuals are assumed to try to 

minimize their travel time and travel distances within certain limits,  

• The latest possible finishing times of the scheduled activities: individuals are 

assumed to prefer to schedule first those activities for which least time is left, 

• The length of open slots in the schedule: individuals are assumed to try to 

minimize waiting times implied by the schedule, and 

• The chance of completing the schedule: at this stage, the model checks whether 

the schedule can be performed successfully given duration, travel times etc. 

 

AMOS (RDC, 1995; Pendyala et al., 1995) 

 

AMOS (RDC, 1995; Pendyala et al., 1995) is more of an activity rescheduling model 

than an activity scheduling model. AMOS was designed to replicate the adaptation of 

people’s behavior toward a change in the external environment. AMOS was based on 

following assumptions: 
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• sequencing activity and travel patterns is done only for one individual. Interaction 

among household members is ignored, 

• the total number of out-of-home activities remains the same before and after 

introduction of the transportation policy, 

• total out-of-home activity duration by purpose remains the same before and after 

introduction of the transportation policy, 

• only one-day activity and travel patterns are considered, and 

• the initial development of AMOS is exclusively targeted to commuters.  

 

Attributes that were allowed to be modified include: 

 

• Choice of mode for travel. 

• Choice of destination to pursue activities 

• Choice of time of time when activity will be pursued. 

• Choice of sequence in which activities will be pursued. 

 

AMOS consisted of the following five modules (Figure 2.5). The Baseline Activity-

Travel Pattern Analyzer inspected the baseline travel diary data and determined whether 

the data was complete or not. It also checked whether the sample pattern fell into the 

category targeted for analysis. Another function of the Baseline Analyzer was to develop 

measures that can be fed into the next module described as follows. The Response Option 

Generator generated response patterns to TDM measures. Inputs to the Response Option 

Generator included: household and person attributes, network and land use 
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characteristics, TDM attributes, and the indicators of the baseline activity travel pattern 

characteristics prepared by the Baseline Analyzer. The operations of the Response Option 

Generator were performed by implementing a neural network. The Activity-Travel 

Pattern Modifier examined the baseline travel patterns. If a response option to TDM 

measures was generated, the Modifier performed the following functions: re-sequencing, 

combining out-of-home stops into trip chains, mode and destination assignment, and trip 

timing adjustment. The Modifier then estimated the feasibility of the resulting modified 

activity travel pattern using a rule base. The Activity-Travel Pattern Modifier was the 

module that replicated people’s adaptation behavior in response to a transportation 

policy. This module performed its various functions based on a set of rules including 

 

• rules that deal with the spatio-temporal constraints associated with activity and 

travel engagements, 

• rules that define phys iological needs, 

• rules that deal with institutional constraints, 

• rules that are related to one’s responsibilities and role in the household, 

• rules that define that availability and operational characteristics of various modes, 

and 

• rules that are related to prioritization of activities.  

 

The Evaluation Routine assigned a utility measure to the modified activity travel pattern 

using time use utility functions. The utility of the pattern was measured in the amount of 

time allocated in both in-home and out-of-home activities. The Acceptance Routine  
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compared the activity travel patterns so far generated and determined whether the search 

should continue or cease (one of the generated patterns was adopted in the case of cease). 

It was assumed that individuals formed a subjective distribution of utilities associated 

with alternative patterns. The search was terminated when the cost of search exceeded the 

expected gain of further search.  

 

Vause (1997) 

 

Vause (1997) developed a rule-based model of activity scheduling behavior. The decision 

making process was described by two consecutive steps: generating a feasible choice set 

and choosing a solution. A number of strategies were used to select a solution from a 

choice set.  For example, dominance rules stated that an alternative was dominant if it 

was better than other alternatives in at least one attribute and no worse in all other 

attributes; satisfaction rules stated that for each attribute, there was a minimum threshold 

for all alternatives to meet and alternatives that did not meet such a threshold were 

eliminated; lexicographic rules stated that attributes were ordered by level of importance 

and the chosen alternative was the one that was most attractive in most important 

attribute; utility rules stated that the utility of an alternative can be expressed as the value 

of a function whose arguments were attributes and the chosen alternative was the one 

whose utility level was the highest.  
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Figure 2.5: Amos Model Structure (RDC, 1995) 
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2.5. Summary 

 

In explaining individuals’ choice behavior, utility maximization has been the dominant 

framework used by transportation researchers. At the same time, the concern over such a 

framework is on the rise as well because more and more have realized that conditions on 

which utility maximization is based often do not apply in reality. In psychology, the 

incompatibility of the utility maximization framework with reality has been widely 

recognized (Gärling, Kwan, and Golledge, 1994). Simon (1957) noted that the rationality 

of human behavior is limited by information and computational capabilities. Kahneman 

and Tversky (1983) noted that the economic axioms on which the utility maximization 

framework is based are often violated because individuals appear to have different 

preference structures in domains of gains and losses or individuals’ choice making is 

often affected by how the problem is framed.  

 

Despite much knowledge that has been gained about individuals’ choice making in 

psychology, there is still lacking a unifying framework on which modeling human 

behavior can be based. On the other hand, despite many recognized problems associated 

with the utility maximization framework, it has been widely used to model human 

behavior (Axhausen and Gärling, 1992). Axhausen and Gärling also noted that most 

existing model estimations that are based on utility maximization rely on actual 

observations of choices and thus it is not clear whether the underlying assumptions hold 

or not. It is thus important to conduct experimental studies that study the process of 
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activity scheduling in greater depth than has been done in the past (Gärling, Laitila, and 

Westin, 1998).  

 

Despite the above problems with the utility maximization framework, some consensus 

has been gained. In terms of modeling activity type related choices, three types of effects 

have been found significant. There are roles of individual characteristics, roles of 

household characteristics and roles of environmental characteristics. In terms of 

methodology, discrete choice models have been widely used in modeling activity types, 

activity locations and mode choices. Discrete choice models are also based on utility 

maximization principles and deal with a set of discrete alternatives. It has been found that 

individuals’ socio-economic characteristics, household lifestyles, time of day, history and 

future dependence among activities have played significant roles in modeling.  

 

In terms of modeling time allocation to activity or travel, a number of methods have been 

applied and they include duration analysis, structural equation systems and those that are 

based on a utility maximization framework. One of the most significant findings is that 

neither activity duration nor travel time can be modeled alone leaving the other out of the 

picture. Changes in one often lead to changes in another. It has also been found that 

household and individual socio-economic characteristics play important roles. Household 

interaction is also a concern.  

 

In terms of how activities are scheduled, different observations have been obtained. In 

familiar contexts, people are likely to adopt a rather straightforward strategy in 
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scheduling; in unfamiliar contexts, the scheduling process is likely to be multi-directional 

and opportunistic. In modeling activity scheduling processes, two frameworks have been 

used. A dominant number of studies in this area rely upon utility maximization 

principles. It can be either a simultaneous structure or a sequential structure or both. The 

other framework is rule-based models that are based on a set of “if…then” rules. 

Different model structures have been developed in this realm.  

 

As mentioned before, rule-based models are behaviorally sound but lack computational 

power. They therefore are hard to apply in real-world applications. On the other hand, 

utility maximization based models are computationally powerful but lack a solid 

behavioral foundation. A framework that is not only behaviorally sound but 

computationally powerful is yet to be found. 
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CHAPTER 3  

EXPERIMENT DESIGN 

 

3.1. Experimental Design 

 

The sample for this experiment comprises university staff members. Only those who are 

either living alone or single parents living with children under 6 years old are recruited. 

These two groups represent two extremes in terms of household responsibilities. People 

living alone have only themselves to take care of and they usually have the lowest level of 

obligation in maintaining the household. Single parents living with little children obtain no 

help from other adults but have little children who entirely depend on them. This group 

usually has the highest level of obligation in maintaining the household. Between these two 

extreme groups, there are single parents living with older children, two-adult households, 

nuclear families, and large families (more than two adults and more than one child). In this 

research, it is expected that significant differences will emerge in scheduling and 

rescheduling behaviors between these two extreme groups. Another cons ideration in 

selecting these two extreme groups is reducing interactions among household members. 

Household members’ interaction is an important subject to study, but not the focus of this 

study. Any types of households other than these two extreme groups would have a certain 

amount of interaction among adult household members in terms of sharing household 

maintenance and/or leisure activities, sharing household-owned cars, etc. It is also 

expected that males and females may exhibit different behaviors as well. These 
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considerations led to the adoption in this study of four subject groups: females living alone, 

males living alone, female single parents, and male single parents. 

 

A relatively small sample size is selected1, considering the large amount of time and labor 

that will be involved with the verbal protocol data collection and analysis. The small 

sample size is justified by the nature of this dissertation. Data collected from this 

experiment is not to be used for parameter estimation for forecasting purposes. Thus 

population representativeness is not of primary concern in this study. The purpose is to 

advance our knowledge in activity scheduling and rescheduling processes, which, it is 

believed, can be achieved by examining and comparing the behaviors of small numbers of 

subjects in these four groups. 

 

Subjects were recruited by distributing flyers and emails on the UCD campus. In the flyers 

and emails, the purpose and the course of the experiment were described as well as the 

telephone number and email address for the contact person. After seeing the flyers or 

emails, people called in and if they matched the specified subject selection criteria, they 

were selected as subjects. 

 

3.2. Design Overview 

 

The experiment designed for this dissertation comprises a series of mail surveys, telephone 

interviews and in- laboratory experiments. The objectives of this effort were two-fold: first, 

                                                                 
1The initial target was to recruit 18 subjects in each of the four groups. Later, the group of single fathers was 
dropped due to a lack of subjects responding to this category. 
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to measure the differences between what individuals schedule and what they actually do 

for a given period; and second, to probe into activity rescheduling processes that underlie 

observed behavior.  

 

Corresponding to these two objectives are the following two parts of the data collection 

procedures. In the first part, a weekday was randomly assigned to each subject as an 

activity diary day. Then, on the night before the activity diary day, subjects were asked to 

write down on a pre-mailed questionnaire what they planned to do on the next day. Then on 

the night after the activity diary day, telephone interviews were conducted to record what 

subjects actually did on their activity diary days. In the second part, subjects were invited 

to in-laboratory sessions where they were presented with a hypothetical schedule for a day 

and scenarios that described the situations in which rescheduling was needed; they were 

then asked to revise the original schedule into ones that they would execute in real life.  

 

In the rescheduling experiment, subjects were asked to talk aloud (i.e., talking out 

everything that came to mind during rescheduling) in all rescheduling scenarios and their 

verbal protocol data were recorded. In theory, if the verbalization does not interfere with 

the underlying behavioral process, the recorded verbal protocol data could be taken as 

accurately revealing underlying rescheduling processes. An additional experiment was 

designed to examine the validity of the verbal protocol procedure. In the experiment, 

subjects were asked to schedule a day in experimental settings, both with and without the 

verbal protocol procedure. Data from think-aloud and silent sessions were then compared 
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for possible discrepancies in the characteristics of resulting schedules. Results of this 

experiment are presented in Section 3.5 of this Chapter.  

 

In sum, the entire experiment consists of the following seven elements: 

 

1. A mail-out/mail-back questionnaire, called “General Information”, containing 

information on characteristics of the individual and his/her household (Appendix 

D).  

2. A mail-out/mail-back schedule table, called “Plan for Tomorrow”, containing 

information on respondents’ planned activities for an assigned activity diary day 

(Appendix E). 

3. A mail-out/mail-back activity diary, called “Activity Diary”, for respondent to 

record their activities and trips on an assigned activity diary day (Appendix F).  

4. A reminder call was placed to remind subjects to fill out the Plan for Tomorrow 

survey on the night before the assigned activity diary day and to fill out the 

Activity/Travel Diary on the night of the assigned activity diary day.  

5. A telephone interview in which the interviewer obtains information on what the 

respondent actually did on the assigned activity diary day. 

6. Two scheduling lab simulations in which respondents are asked to schedule various 

activities into a schedule table. Respondents are asked to do one simulation while 

thinking aloud and the other one in silence. 
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7. Six2 rescheduling lab simulations in which respondents are asked to revise a 

hypothetical schedule given unexpected events. Respondents are asked to do all 

simulations while thinking aloud. 

 

For every subject, the entire experiment is administered in the following order. Once the 

subject volunteers to participate in the experiment, a survey package is mailed to his/her 

residence. This package contains one printed survey questionnaire for the General 

Information (element 1 above), one printed survey questionnaire for the Plan for 

Tomorrow (element 2 above), and one printed Activity Diary (element 3 above). In the 

cover letter, an activity diary day is assigned to the subject. The subject is instructed to fill 

out the General Information at his/her earliest convenience, the Plan for Tomorrow on the 

night before the assigned activity diary day, and the Activity Diary on the night of the 

assigned activity diary day. Then, a reminder call is placed on the night before the assigned 

activity diary day to remind the subject to complete surveys in time (element 4 above). On 

the night after the assigned activity diary day, a telephone interview (component 5 above) 

is conducted to retrieve information from the completed activity diary. Then the 

interviewer sets up a time for the subject to come to the lab for simulation 1. In lab 

simulation 1, two scheduling scenarios (element 6 above) together with two randomly 

selected rescheduling scenarios2 are presented to the subject, who is then asked to revise 

the given schedule. Of the two randomly selected rescheduling scenarios, one is created for 

the situation when less time is available than expected and the other for the case when more 

time is available. At the end of lab simulation 1, the interviewer sets up another time for the 

subject to come to the lab for lab simulation 2. In the lab simulation 2, the rest of the four 
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rescheduling scenarios (component 7 above) are presented to the subject, who was then 

asked to revise the given schedule again. The end of lab simulation 2 concludes the entire 

experiment.  

 

In survey administration, use of one or more particular orders may bias responses. Thus, 

scenarios must be presented in a random order such that directions of biases can be offset 

with each other. Three order issues must be considered in this experiment. The first is the 

issue of which scheduling scenario is administered while thinking aloud or in silence mode. 

The second is the selection of six rescheduling sessions; in other words, which 

rescheduling scenario should be selected for the event where less time is available and 

which one should be selected for the case where more time is available. The third is the 

order of the eight scenarios (two scheduling and six rescheduling sessions) presented to the 

subject. In each case, the order must be randomized. For each case, a table of random 

numbers is used to ensure randomization (Cochran and Cox, 1950). 

 

The rest of this chapter is organized as follows. In Section 3.3, the first part of the design on 

investigating deviations between scheduling and execution (elements 1 to 5 above), is 

presented. In Section 3.4, the design on rescheduling (element 7) is presented. The 

scheduling experiment ( element 6 above) designed to test the validity of verbal protocols is 

presented in Section 3.5.  

 

                                                                                                                                                                                                 
2 Two scenarios of element 6 were first presented with element 5. 
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3.3. Deviations between Scheduling and Execution 

 

This part of the design includes elements 1 to 5 in the design overview. In elements 1 to 3 

above, mail-out/mail-back questionnaires were used. Face-to-face interviews were not 

used due to time and money constraints. Telephone interviews were not used because 

initial tests of collecting information on individuals’ plans for a pre-determined day via 

telephone interviews showed that people tend to omit reporting routine activities such as 

meals and work. This is probably because respondents were called upon to answer 

questions on the spot while if mail-out/mail-back surveys were used, respondents tended to 

have enough time by themselves to complete the survey. Interviewer bias was also a 

concern for using telephone interviews. A high level of non-response as a major drawback 

of mail-out/mail-back surveys was not a concern here because all subjects were 

pre-contacted by telephone and had already agreed to participate in the series of 

experiments. 

 

Elements 4 and 5 above were designed to obtain information on what the respondent 

actually did on an assigned activity diary day compared to what they planned to do. 

Element 4 was designed to make sure that respondents had filled out the survey for planned 

activities on the day before the diary day; element 5 allows us to collect information on 

what subjects actually did on the activity diary day.  
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3.4. Activity Rescheduling 

 

3.4.1. Review of Potential Designs 

 

To probe into the activity rescheduling processes, one or more process tracing techniques 

can be used (Payne et al., 1993). Process tracing techniques may include information card, 

eye movement, mouse lab or verbal protocols. In experiments with information card and 

mouse lab, subjects are required to either manipulate a set of cards or use the mouse on the 

computer in order to perform a cognitive task. For example, in order to obtain attribute 

values for one alternative, subjects may need to open a particular card or click the mouse 

on a particular folder. In experiments with eye movement, subjects are required to wear 

special equipment for it to record subjects’ eye movement while performing a cognitive 

task. In experiments with verbal protocols, subjects are asked to talk out everything that 

comes to their minds either during the decision making process or immediately after the 

decision making process. The former is called concurrent reporting and the latter is called 

retrospective reporting (Ericsson & Simon, 1993).  

 

Techniques including information cards, eye movement, and mouse lab are best suited for 

situations where alternatives and their attributes are explicit, for example, information 

acquisition behavior (e.g., the types of information that are searched and what the search 

pattern is), while verbal protocols can also be used in situations where alternatives and their 

attributes are implicit (Payne et al., 1993). In activity rescheduling scenarios, alternatives 
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and their attributes are often implicit. Therefore, verbal protocols are chosen for the 

activity rescheduling experiment. 

 

Hayes-Roth and Hayes-Roth (1979) used verbal protocols to examine errand planning 

(scheduling) processes. In the experiment, subjects were presented an excessive number of 

activities to schedule for a day. Some activities have a limited number of time- and 

location-related constraints. For example, an activity must be performed at one of 

alternative locations and/or performed at one of a few particular time points. Subjects were 

asked to think aloud during their errand planning processes. The use of verbal protocols is 

useful in the experiment as it reveals a multi-directional and opportunistic errand planning 

process. This method can be applied in the rescheduling experiment conducted here. 

 

An alternative choice is to use a computer to collect data. Use of a computer permits 

recording the outcome of the scheduling process. Ettema, Borgers, and Timmermans (1994) 

asked subjects to use computer experiments to schedule for a hypothetical day and record 

all transaction steps (adding or deleting activities etc.) during scheduling. Doherty (2000a) 

used the Computerized Household Activity Scheduling Elicitor (CHASE) program to 

collect data on scheduling over a week. In the experiment, subjects were instructed to log 

into the system at least once a day to record activities they plan to do for future days. At the 

end of the day, subjects were required to record all executed activities on that day. All 

transaction steps that subjects made while recording were recorded by CHASE. For 

executed activities that were not scheduled, CHASE prompted users to answer time-related 

questions (e.g., how long ago was this activity conceived?). 
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Data collection by computers greatly reduces the amount of work in data cleaning and 

conversion. However, data collection by computers does not reflect the nature of decision 

making: why and how subjects make such a step, remains unknown. The objective of this 

study is to directly examine activity scheduling and rescheduling processes. In comparison, 

verbal protocols appear to achieve this objective better than the use of computers. 

 

There is also an issue of whether to use hypothetical schedules for subjects to reschedule or 

just record subjects’ real- life scheduling and rescheduling activities. The use of 

hypothetical schedules means that researchers have more control in the experiment in 

terms of the type of changes in the outside environment presented to subjects. In addition, 

experiments with hypothetical schedules can be done in laboratories where effects of 

irrelevant factors can be eliminated. The advantage of asking subjects to record real- life 

scheduling and rescheduling activities is the familiarity of subjects with scenarios. The 

problem is that there may not be enough changes occurring in real life on particular survey 

days. Moreover, if subjects were allowed to record at home, it is expected to bring a large 

amount of noise to the survey in addition to that the data recorded may not be complete at 

all. Considering all this, controlled experiments with hypothetical schedules are adopted in 

the rescheduling experiments of this study. 

 

3.4.2. The Design 
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In the rescheduling experiment, an experimental scenario was defined in terms of three 

variables: the number of activities on the original schedule that were left to be pursued, 

whether the subject was ahead of or behind the original schedule, and the amount of 

deviation in time from the original schedule. The first va riable, the number of activities to 

be pursued, has three levels: 5, 8, or 11 activities. The second variable has two levels: 

ahead of or behind the schedule. The last variable, the amount of deviation in time from the 

original schedule, ranges from 20 minutes to 150 minutes. The design is summarized in 

Table 3.1. 

 

Table 3.1: Experiment Design for Activity Rescheduling 
 

Factor Type Level Value 
1 More More or Less Time 

Available 
Within 
Subject 2 Less 

1 5 Activities 
2 8 Activities 

Number of Activities to 
be Done 

Within 
Subject 

3 11 Activities 
Amount of Deviation 
from the Original 
Schedule 

Between 
Subject 

Values selected from the 
range from 20 to 150 
minutes 

 

To make the scenarios both realistic and challenging enough for subjects, the variable: the 

amount of deviation from the original schedule, is selected as a between subject variable 

(“between-subject” means that its level is fixed for each subject across all scenarios). The 

exact value of this variable is selected from the range between 20 to 150 minutes. The other 

two variables are within subject variable (“within-subject” implies that, for each given 

subject, their values vary across the scenarios administered to him/her.) In total, six 

scenarios can be constructed for each subject based on combinations of different levels of 
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the two within-subject variables. All six scenarios were administered to subjects during a 

laboratory session.  

 

In the experiment, subjects were presented with an original schedule shown below. The 

same original schedule was used for all subjects. A unified base schedule for all subjects in 

the experiment enables comparisons across subjects.  

 

Hypothetical Schedule 

 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to 

a friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the 

Post Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 

4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. The 

brunch is expected to last for about 2 hours.  

5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. 

It may take some time depending on how long the waiting line is.  

6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 

7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 

after the show. The show is expected to last for about 1 hour. 
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8. Buy a bike lock at a bike shop at F and 3rd Street in Davis. 

9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 

10. Go to see a movie on 1st and F Street (Holiday Theater in Davis). The movie 

starts at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 

11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 

12. Go home. 

 

As an example, one of the 18 scenarios for rescheduling is presented below. For this 

scenario, the variable, ahead or behind the schedule, is set as “behind” the schedule. The 

second variable, the number of activities to be pursued, is 5 activities. And the last variable, 

the amount of deviation from the original schedule, is 90 minutes. All scenarios are 

presented in Appendix C of this dissertation. 

 

A Possible Scenario 

 

Suppose it is now 6:30 P.M. You are at the Main Theatre on UCD campus. You 

just finished watching the show (activity 7 above). Now you have less time than 

what you had originally planned to do 8 and 9 listed above and then go to a movie at 

7:15 P.M. What would you do now? Note that traveling from one place to the other 

takes time. Please plan for the rest of the day and revise the original schedule in the 

following Revised Schedule Table, which contains the rest of your schedule for 

today. When revising, you may cross original activities out, write new things in, 
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re-sequence them by putting arrows, etc. When you are finished, please index 

revised activities in the order that you would like to perform them.  

 

3.4.3. Issue of Incompleteness 

 

Another issue is what we should do if subjects generate an incomplete3 or an inconsistent 

revised schedule. For incompleteness, subjects may generate a schedule for only part of a 

day. For inconsistency, subjects may generate a schedule that is not logical (for example, 

change mode does not take place at a place where the new mode is available). One 

alternative is to accept such a schedule. The other alternative is to point out areas of 

inconsistency and have respondents revise until all inconsistencies are removed. The latter 

alternative has several problems. First, it is inconsistent with reality. In real life, people 

may well generate inconsistent schedules. Second, it places a heavy burden on the 

respondents. It may take a long time for respondents to get a consistent schedule. Third, it 

interrupts the verbal protocol process, which may invalidate the verbal protocols. It was 

thus decided to accept any inconsistencies in the revised schedule by the respondents. The 

issue of incompleteness is not a serious issue in the experiment. In the experiment, only 

two subjects had schedules that were not logical and no subject generated incomplete 

schedules.  

                                                                 
3 So metimes subjects did not reschedule to the last activity and this created incomplete schedules. 
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3.5. Validity of Verbal Protocols 

 

3.5.1. Assumptions 

 

The use of verbal protocols is based on the assumption that human cognition can be 

represented by a series of connected information processes (Ericsson and Simon, 1993, pp. 

11). These information processes refer to different compartments of human memory that 

store information of different types, with different capacity and accessibility. In theory, 

verbalization does not interfere with the actual behavioral process if verbalization does not 

require consuming a large amount of resources. 

 

People perceive the outside world via sensory organs. Information perceived can last for a 

very brief period in iconic (visual) and echoic (auditory) sensory memories. To make the 

perception last longer, one must recode the information into more permanent and 

higher- level memories: Short Term Memory (STM) or Long Term Memory (LTM). Short 

Term Memory holds a limited amount of information that is in an active state. Not all 

information held in STM is in an equal state of activation. The speed of accessibility to the 

information held in STM is a function of its level of activation (Anderson, 1985, pp. 135). 

Long Term Memory holds a large amount of information that is not in an active state. Thus, 

accessibility to information held in LTM requires the information to be activated first. 

Activation refers to “spreading along paths through a long-term network of associations 

from the currently active portion of memory to the to-be-retrieved portion” (Anderson, 

1985, pp. 135). Traditionally, STM and LTM are viewed as memories residing in separate 
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locations. A more recent view is that they reside together. STM is only the portion of LTM 

that is in a special active state. The difference in terms of the residing location of STM and 

LTM does not hinder our assumptions on the use of verbal protocols.  

 

As shown in Figure 3.1 below, information from sensory organs is stored temporarily in 

iconic and echoic memories. To prevent the information stored in iconic and echoic 

memories from disappearing quickly, the information is directly recognized and encoded 

with information already stored in the LTM. This process is called recognition. 

Information stored in LTM can be viewed as a “collection of inter-related nodes” (Ericsson 

& Simon, 1993, pp. 13). These nodes can be accessed either by recognition, or association 

(associating with other nodes that are already accessed).  

 

Figure 3.1: Human Memory System 
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The STM can be viewed as “a working memory holding only knowledge that is currently 

in use” (Anderson, 1985, pp. 138). When a cognitive task is carried out, information 

associated with intermediate steps of the decision making process may be stored in STM 

temporarily. Information stored in STM is readily accessible and can be revealed through 

verbal protocol data. What types of information are stored in STM depends on the type of 

strategies people use to solve the problem and the nature of information stored in LTM 

(Ericsson and Simon, 1993, pp. 14). If the cognitive process becomes automatic and does 

not require inputs and outputs stored in STM, verbal reports will not be useful.  

 

Ericsson and Simon (1993, pp. 15) conceptualized three types of verbalization. Level 1 

verbalization is speaking directly from the memory. In other words, at this level of 

verbalization, information stored in STM is already orally encoded. Level 2 verbalization 

is translating information that is not already orally encoded into verbal form without 

requiring additional processes. Level 3 verbalization is translating information that is not 

already orally encoded into verbal form while accessing additional processes. Ericsson and 

Simon (1993, pp. 16) argue that level 1 and level 2 verbalizations do not require additional 

information nor any other processes and thus do not change the sequence of heeded 

information. On the other hand, level 3 verbalization requires allocation of resources to 

other processes, and thus likely changes the sequence of heeded information.  
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3.5.2. Validity of Verbal Protocol Data 

 

Any experimental design requires data collected to be valid and reliable. This applies to 

verbal protocol data as well. The invalidity of verbal protocol data may take two forms: 

reactivity and nonveridicality (Russo, Johnson, and Stephens, 1989). Reactivity arises 

when the underlying behavioral process is altered by the verbalization; nonveridicality 

arises when the verbalization does not reflect the actual cognitive process.  

 

Reactivity may arise in several forms: the amount of information acquired by the subject, 

the pattern of information acquisition, and the accuracy of the outcomes (i.e., judgements 

or choices) may be all affected by verbalization. Verbalization may also lengthen the 

amount of time taken to perform the decis ion task, but that alone does not invalidate the 

verbal reports. Similarly, nonveridicality may arise in two forms: the completeness of the 

verbal reports is affected, and the strategies used in the primary decision task are affected.  

 

Reactivity primarily focuses on the question whether the verbalization process interferes 

with the primary decision making process while nonveridicality focuses on the question 

whether the actual mental process is altered by the verbalization (Biggs et al., 1993). 

Obviously, reactivity is not independent of nonveridicality. If reactivity exists, it would be 

hard to imagine that nonveridicality does not exist.  

 

Reactivity is mostly commonly checked by two measures: accuracy and response time. In 

empirical studies, experimenters employ both the think aloud session and the silent session 
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in the experiment. Subjects in the experiment are required to perform the same experiment 

twice: once while thinking aloud and another time in silence. The results from the think 

aloud session are then compared to those from the silence session. High consistency 

between the two sessions indicates non-reactivity of verbal protocols. The amount of time 

taken to do the think aloud session can also be compared to that to do the silence session. In 

most studies, it is found that verbalization lengthens the response time. Lengthened 

response time alone due to thinking aloud is usually not considered consequential.  

 

Many empirical studies supported the notion of non-reactivity of verbal reports, especia lly 

the concurrent reports (e.g., Fidler, 1983).  Biggs et al. (1993) compared results obtained 

from doing a computer search in silence and doing so while thinking aloud. They found 

that verbalization does not affect the amount of information acquired, acquisition pattern, 

and accuracy of decisions. Payne, Braunstein, and Carroll (1978, pp.36) concluded that a 

“verbal protocols procedure slows down the process slightly but does not change it 

fundamentally”. The non-reactivity of verbal reports is, however, not unanimously agreed 

to in the literature. Russo, Johnson, and Stephens (1989) found that considerable reactivity 

resulted from concurrent reports; Biehal and Chakravarti (1989) found similar evidence of 

reactivity due to verbalization.  

 

Non-veridicality, on the other hand, is often hard to test because it requires more than one 

simultaneous data source. Biggs et al. (1993) compared two simultaneous data sources: 

computer search and verbal report. They reached two important findings on 

nonveridicality: first, the amount of the information obtained from verbal reports is 
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significantly less than that from computer traces; second, the information acquisition 

pattern obtained from verbal reports is significantly different from that of computer traces.  

 

Findings of reactivity and nonveridicality of verbal reports do not invalidate verbal reports. 

They do warn the experimenters that special caution must be taken in generating verbal 

reports. Even if it is impossible to obtain more than one simultaneous data source, the 

reactivity of verbal reports must be checked whenever a verbal protocol is used.   

 

3.5.3. Design of the Scheduling Part 

 

To investigate the reactivity effects in verbal protocols, subjects are asked to schedule for a 

day both in silence and with a verbal report. There may be different ways to administer the 

scheduling part of the experiment. One could provide a list of activities to subjects and ask 

them to plan those pre-selected activities into their agenda. This was in fact the method 

used by Hayes-Roth and Hayes-Roth (1979). An alternative method would be to elicit a set 

of activities that are commonly performed by the subjects. And then, the same set of 

activities is presented to subjects for them to schedule. This method was adopted by Ettema   

(1996). Ettema’s method, in principle, is not too much different from Hayes-Roth and 

Hayes-Roth’s except that with Ettema’s method, subjects are more familiar with the 

activities presented to them than they are with the Hayes-Roth and Hayes-Roth method. 

 

The above two methods represent an underlying belief about the activity program 

generation and scheduling. The former (Hayes-Roth and Hayes-Roth, 1979) refers to 
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selecting a set of activities to perform but not determining their timing. The latter (Ettema, 

1996) refers to sequencing selected activities into a particular order. Both methods suggest 

that activity program generation and scheduling follow a two-step sequential process. In 

other words, activities are first selected, followed by sequencing. Such a sequential process 

has not been empirically verified.  

 

On the other hand, one may argue for a simultaneous process of activity program 

generation and scheduling. Namely, during the scheduling process, new activities are 

generated and scheduled. Based on this belief, an alternative method to administering the 

scheduling simulation is adopted. Subjects are presented with a large list of activities. They 

are asked to select and schedule them into their agenda. Subjects are not obligated to use 

activities on the provided list. In fact, in scheduling experiments, it was observed that none 

of the subjects used the provided activity list at any moment. 

 

All respondents must perform two scheduling simulations, one while thinking aloud and 

the other in silence. To avoid repetitiveness, subjects were presented two scheduling 

scenarios, which are shown below. The design of the scheduling experiment is presented in 

Table 3.2. The scheduling part of the experiment has three variables: within-subject 

variables of protocol effect and scenario effects each with 2 levels and between-subject 

variable of subject effect with 3 levels.  

 

Table 3.2: Research Design for the Scheduling Experiment 
 

Factor Type Levels Value 
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1 Silent Protocol Effects Within 
Subject 2 Verbal 

1 Single Females 
2 Female Single Parents 

Subject Effects Between 
Subject 

3 Single Males 
1 Scenario 1 Scenario Effects Within 

Subject 2 Scenario 2 
 

The two scenarios are designed to be quite different from each other.  

 

Scenario 1: 

•  See the doctor at 9:00 am on 635 Anderson Road (close to Russell Blvd.) for at 

least an hour. 

•  Attend a meeting at 1:00pm at Mrak Hall on UC Davis campus; meeting is 

expected to end at 2:30 p.m. 

•  Go to a community organization gathering at 5:30 p.m. at the corner of 3rd and B 

Street in Davis. 

 

Scenario 2: 

•  Meet two friends for brunch at 11:00 am at Broadway and 25th Street in 

Sacramento. 

•  Meet your insurance broker at 3:00 pm at your home. 

•  Pick up a good friend of yours on 2nd and University Ave. in Davis and then go to 

see the movie at 7:10 pm at Holiday Theatre on 1st and F Street in Davis. 

 

3.5.4. Test Results for the Think Aloud Procedure  
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Data on duration of different types of activities and travel for both verbal and silent modes 

are checked for consistency. High consistency between the two modes validates the use of 

verbal protocols. Technically, high consistency means either no significant difference 

existing between the two modes, or if there was a significant difference, it can only be 

attributed to either the scenario effect or the subject effect. In other words, the protocol 

effect (whether verbal or silent) plays no role in attributing the difference between verbal 

and silent modes.  

 

Table 3.3 shows mean and standard deviation statistics for both verbal and silent data. 

Initial examination indicates little difference between the two, and indeed two-sample t 

tests show that means from none of the pairs in Table 3.3 are significantly different from 

each other at a 95% confidence level. Further analysis of variance on the duration data 

against scenario, protocol and subject effects shows that no significant difference can be 

attributed to protocol effects. In other words, the results of this analysis validate the use of 

verbal protocols.  
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Table 3.3: Mean and Std. Deviation Statistics 
For Verbal and Silent Data (Duration in Minutes) 

 
Mean Std. Deviation  

Verbal Silent Verbal Silent 
All Activities 62.52 62.57 49.30 48.26 
Travel 20.60 20.19 15.42 14.34 
Paid Work 95.24 93.31 37.94 37.37 
Household Work 44.64 42.94 37.07 31.29 
Child Care 28.24 24.06 25.37 16.66 
Goods/Services 63.65 55.10 23.04 25.38 
Personal Care 51.90 51.77 60.79 53.69 
Educational 92.50 106.00 24.75 32.67 
Organizational 79.06 84.60 53.23 43.28 
Entertainment 89.75 96.55 51.41 49.62 
Recreation 60.75 62.78 25.30 31.07 
Communications 54.79 76.18 32.61 57.53 
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CHAPTER 4 

ON WHAT PEOPLE SCHEDULE AND  

WHAT THEY ACTUALLY DO 

 

4.1.  Introduction 

 

The increasing interest in the analysis of activity scheduling behavior originates from the 

question on where everyday activities come from, or how daily activity programs are 

formed. It is believed that answers to this question would lend us a thorough 

understanding of travel behavior (Kitamura, van der Hoorn, and van Wijk, 1997). 

Executed activities are at least in part results of activity scheduling and it is therefore 

important to study individuals’ activity scheduling processes.  

 

There have been rapid developments in the analysis of activity scheduling. In sum, 

developments in activity scheduling have focused on two types of scheduling behavior: 

those related to a single decision (e.g., determining attributes of a single activity) and 

those related to the decision for a sequence of activities. Research on the former type of 

choice making has been focusing on decision making related to activity type (e.g., 

Kitamura and Kermanshah, 1983; Kitamura, Chen, and Pendyala, 1997), activity duration 

(Kitamura, Chen, and Pendyala, 1997; Bhat, 1996a, 1996b; Ettema et al., 1995), activity 

location (e.g., Kitamura, Chen, and Pendyala, 1997), travel mode to the activity location 

(Kitamura, Chen, and Pendyala, 1997; Ma and Goulias, 1998) and starting time 

(Kitamura, Chen, and Pendyala, 1997). For the latter type of choice making, research has 
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been based on different behavioral paradigms regarding individuals’ decisions on a 

sequence of activities. There are mainly two types of approaches: discrete choice 

modeling within the utility maximization framework, and cognitive or computational 

process modeling. Discrete choice modeling included multinomial logit models of a 

certain aspect of the scheduling decision (e.g., Adler and Ben-Akiva, 1979), simultaneous 

modeling of several dimensions of scheduling (e.g., Ben-Akiva et al., 1996)1, sequential 

modeling (e.g., Kitamura and Fujii, 1998; Kitamura, Chen, and Pendyala, 1997), and a 

combination of simultaneous and sequential approaches (e.g., Ma and Goulias, 1998). 

Process modeling included the Hayes-Roth and Hayes-Roth model (1979) consisting of 

five independent and mutually communicable specialists; theory of activity scheduling by 

Gärling et al. (1989, 1994, 1998) that is based on psychological principles of scheduling; 

Ettema’s SMASH (1994) assuming that activity schedules are completed through a series 

of transactions of different types (adding, modifying, or deleting an activity, or stopping 

the scheduling operation); the AMOS model (RDC, 1995; Pendyala et al., 1995) that is 

based on a set of rules related to spatio-temporal constraints, psychological needs, 

heuristic rules and activity priorities; and Vause’s model (1997) that is based on a set of 

heuristic rules that assume that people satisfice instead of maximize in decision making.  

 

Three studies can be singled out as having provided empirical evidence on scheduling 

behavior: Hayes-Roth and Hayes-Roth (1979), Ettema et al. (1994), and Doherty (2000a, 

2000b)2. These studies provide invaluable insights into our understanding of activity 

scheduling. The analyses presented in this study further enhance our understanding in the 

                                                                 
1 Nested logit models are often used in this case. 
2 Reviews of these three studies can be found in Chapter 2 of this dissertation. 



 

 

121 

 

subject area by exploring the completeness of the activity schedules. In this study we also 

examine the deviations between scheduling and execution in terms of activity duration, 

starting time, and location.  

 

The rest of this Chapter is organized as follows. In the next section, a brief description of 

the scheduling experiment is presented. More detailed descriptions of the experiments 

can be found in Chapter 3 of this dissertation. In Section 4.3, the completeness of activity 

schedules is examined. In Section 4.4, the analysis probes into the deviations between 

scheduling and execution in terms of starting time, duration and location. Discussions of 

the study results follow in Section 4.5. 

 

4.2. Experimental Design 

 

The entire data collection effort for this dissertation comprises two parts and this chapter 

only utilizes data collected from the first part on scheduling. Data from the second part on 

rescheduling is analyzed in Chapter 5. In the first part, a weekday was randomly assigned 

to each subject as an activity diary day. On the night before the activity diary day, 

subjects were asked to write down all activities they had thought of doing the next day. 

For each activity, they were asked to specify an approximate starting time, duration, and 

location. Then on the night after the activity diary day, telephone interviews were 

conducted to record what subjects actually did on their activity diary days. After the 

telephone interviews on the night after the activity diary day, subjects were asked to mail 

back completed questionnaires. 



 

 

122 

 

The final sample3 for this part on scheduling consists of staff members from the 

University of California at Davis, including 17 single females, 9 female single parents 

with children under 6 years old, and 16 single males. A reward of $75.00 was given to 

each subject who completed the surveys. 

 

4.3. Completeness of Activity Schedules 

 

The first question is how complete planned activity schedules are compared to executed 

activities. Figures 4.1 and 4.2 show the distributions of the numbers of executed and 

scheduled activities per subject. Most subjects reported between 15 to 20 executed 

activities (including both in-home and out-of-home activities) per day while only 

between 3 to 6 activities were scheduled as of the night before for most subjects. Figure 

4.3 shows the distribution of the fraction of scheduled activities to executed activities per 

subject. For most subjects, the rate is between 30% to 50%.4  

 

The observation that only less than half of the executed activities are the results of careful 

planning (scheduling) suggests that a substantial number of executed activities were 

occurring right after planning (impulsive activities). This is consistent with the finding by 

Doherty (2000a). The finding further suggests that activity scheduling and execution take 

place concurrently, meaning that individuals do not first schedule for an entire period and 

then execute the complete schedule. Instead, individuals only schedule a subset of 

                                                                 
3 The category for single fathers dropped due to lack of enough subjects.  
4 The actual rate is expected to be higher than 30% to 45%. This is because the unit of observation used by 
individuals in scheduling is often coarser than that used in execution (e.g., a work activity with an 8 hour 
duration in scheduling may refer to two activities each with 4 hours of duration in execution). 
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activities beforehand and then go ahead and execute the activities while engaging in 

unscheduled activities at the same time. Scheduled activities may or may not be 

consecutively connected with each other in terms of starting and ending times. During the 

execution process, individuals may schedule new activities and/or reschedule scheduled 

activities.  

 

That activity scheduling and execution take place concurrently suggests that the planning 

phase and execution phase are not well differentiated. How well the planning phase and 

the execution phase are differentiated from each other defines the level of the plan (De 

Lisi, 1987). Low-level plans are at one end of the continuum where planning and 

execution are mixed together while high- level plans are at the other end of the continuum 

where planning and execution are fully separated from each other.  

 

Figure 4.1: Frequency Distribution of Number of Executed 
Activities Per Subject
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De Lisi also noted that for high- level plans, not only was their planning constructed 

earlier than their execution in terms of time, but also there are different phases within 

planning: plan recognition and plan formation. For low-level plans, plan recognition, plan 

formation,  and execution are one undifferentiated entity. Activity scheduling belongs to 

Figure 4.2: Frequency Distribution of Number of
Scheduled Activities Per Subject
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Figure 4.3: Frequency Distribution of Number of 
Scheduled Activities as a Fraction of Executed 

Activities Per Subject 
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low-level planning when individuals are not aware of a need for planning; plans are 

formed without consciousness; and they are often executed immediately after planning.  

 

De Lisi (1987, pp. 90) called the lowest level type of planning as “plan in action”, which 

is defined as “a sequence of behaviors that is performed to achieve an objective. 

Nonsymbolic representation of situation in which behaviors are performed. Subject is 

aware of success or failure at goal attainment but is not aware of planning in any of its 

phases.” Examples of this type of behavior include habitual behavior such as the activity 

scheduling process that individuals perform each day for their activities of that day. 

 

The reasons that activity scheduling belongs to low level plans are several. First, a 

substantial number of activities occur at the spur of the moment. Second, although for 

some activities, planning takes place well before execution (e.g., people may plan an 

appointment months before its actual execution), for a group of activities within a time 

period (e.g., for a day), planning and execution are mixed together. Moreover, phases 

within planning (plan recognition and plan formation) are not well differentiated from 

each other.  

 

Table 4.1 shows the frequency distributions of scheduled and unexecuted activities, 

scheduled and executed activities, and unscheduled but executed activities, by their type. 

These activities are exclusive with each other; adding the first two together results in total 

scheduled activities and adding the latter two together results in total executed activities. 

Row percentages are also presented in the table. A number of observations can be made 
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from Table 4.1. First, a majority of scheduled activities are executed. Second, except for 

paid work and educational and organizational activities, a substantial number of activities 

are unscheduled but executed. For paid work activities, only 6 activities were 

unscheduled but executed; likewise, for educational and organizational activities, only 2 

activities were unscheduled but executed. For all other activity types, the number of 

unscheduled but executed activities exceeds the number of scheduled and executed 

activities. This is especially the case for child care activities, which may be due to the fact 

that child care activities are mostly in response to children’s needs that may not be 

foreseen.  

 

Table 4.1: Frequency Distributions of Types of 
Scheduled Activities and Executed Activities 

 
Scheduled but 
not Executed 

Activities 

Scheduled and 
Executed 
Activities 

Unscheduled 
but Executed 
Activities* 

Activity Types 

Freq. %* Freq. %* Freq. %* 
Paid Work 10 11.8 69 81.2 6 7.1 
Household Chores 17 22.4 22 28.9 37 48.7 
Child Care 5 13.2 5 13.2 28 73.7 
Shopping 9 18.8 18 37.5 21 43.8 
Personal Care 5 3.0 67 40.8 92 56.1 
Ed./organizational 4 23.5 11 64.7 2 11.8 
Entertainment/Social 10 21.7 17 36.9 19 41.3 
Media/Communication 7 10.1 24 34.8 38 55.1 
Total 67 12.3 233 42.9 243 44.8 

* The percentages are computed by row. 
 
 

A number of reasons might contribute to the discrepancies between the number of 

executed activities that were scheduled and the number of unscheduled but executed 

activities across types of activities. Levels of fixity may play important roles here. Paid 
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work and educational and organizational activities are relatively fixed in terms of starting 

times and duration whereas other types of activities are rather flexible in terms of when to 

perform and for how long. Types of activities may also play a role here. Paid work and 

educational and organizational activities are the types of activities that one must fulfill to 

maintain one’s social commitments, not to mention physical survival.  

 

Whether an activity is routine or non-routine does not appear to have much influence on 

how likely it is to be scheduled beforehand. Routine activities are usually performed on a 

regular basis and automatically; individuals do not go through the process of deliberate 

decision making to determine whether to perform a routine activity, for how long and 

where to perform it. For the performance of non-routine activities, on the contrary, 

individuals must go through deliberate thought processes. In the absence of other 

information, an activity may be classified as routine or non-routine based on its type. 

Activities such as paid work, educational/organizational, household chores, personal care, 

child care and media/communication activities (including watching TV and listening to 

radio etc.) are likely to be routine activities. Shopping activities may be routine or non-

routine depending on the types of shopping (weekly grocery shopping may be a routine 

activity but shopping at a mall in a weekend may be non-routine) while entertainment, 

social and recreational activities are most likely to be non-routine.  

 

Although both paid work and educational and organizational activities are likely to be 

routine activities and have larger fractions of scheduled activities, other types of activities 

such as personal care have much smaller fractions of activities that were scheduled 
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beforehand. Notable, however, is the tendency that household chores, child care, personal 

care and media/communication, which tend to be performed in home, tend not to be 

scheduled beforehand. It may be the case that these activities tend not to be consciously 

brought into scheduling exercises because they tend to be viewed as either default 

activities or activities that are flexible in terms of their execution time (for example, one 

may decide to watch TV when feeling like to). Also note that the result that paid work, 

and educational and organizational activities tend to be scheduled beforehand is 

consistent with the notion that a person’s daily schedule is formed around fixed activities 

that act as “pegs” (Cullen, 1972; Cullen and Godson, 1975). 

 

4.4. Deviations between Scheduling and Execution 

 

Tables 4.2 and 4.3 show descriptive statistics of the amount of deviation between 

scheduled and executed activities for duration and starting time. The magnitude of 

deviation in duration is quite substantial for most types of activities. The smallest mean 

deviation is about 22 minutes, for entertainment/social and recreational activities, and the 

largest mean deviation is about 75 minutes, for educational and organizational activities. 

Even for activities expected to have rather fixed duration such as paid work activities, the 

deviation is over an hour (about 70 minutes).  

 

Starting time, on the other hand, tends to have a smaller deviation between scheduling 

and execution than duration. Educational and organizational activities have the smallest 

mean deviation of about 11 minutes and media/communication activities have the largest 
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mean deviation of about 44 minutes. The deviation for the starting time of work activities 

is about 17 minutes. Not only is the mean deviation in duration larger than the mean 

deviation in starting time, for all activities except media/communication, the standard 

deviation for duration is larger than that for starting time.  

 
Table 4.2: Descriptive Statistics of Deviations in 

Duration between Scheduled and Executed Activities (in Minutes) 
 

Activity Type N Min. Max. Mean Std. Dev. 
Paid Work 56 0 442 70 97 
Hhld. Chores 13 0 260 51 69 
Child/person care 52 0 210 42 49 
Shopping 17 0 474 42 112 
Ed./organ. 6 4 350 75 135 
Entert./Social/Rec 10 0 78 22 26 
Communications 22 0 140 45 39 

If a planned duration is given as a single value, either exact or approximate, the deviation is 
calculated as the absolute value of the difference between the planned duration and the actual 
duration. If a planned duration is given in terms of a minimum and maximum, the deviation is 
calculated as the absolute value of the difference between the mid-point of the minimum and 
maximum planned duration and the actual duration.  

 
 

Table 4.3: Descriptive Statistics of Deviations in  
Starting Time between Scheduled and Executed Activities (in Minutes) 

 
Activity Type N Min. Max. Mean Std. Dev. 

Paid Work 69 0 245 17 34 
Hhld. Chores 22 0 212 35 47 
Child/person care 72 0 165 31 35 
Shopping 18 0 90 29 25 
Ed./organ. 11 0 33 11 10 
Entert./Social/Rec 17 0 60 17 20 
Communications 24 0 249 44 51 

If the planned starting time is given as a time point, either exact or approximate, the deviation is 
calculated as the absolute value of the difference between the planned starting time and the 
actual starting time. If the planned starting time is given as an interval, the deviation is 
calculated as the absolute value of the difference between the mid point of the planned interval 
and the actual starting time.  
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In the literature, it has been found that activity engagement strongly depends on time of 

day. Robinson et al. (1992) found surprising regularity in activity engagement by time of 

day for individuals from different regions. In a comparative analysis of time use between 

the Dutch and Californians, Kitamura et al. (1992) found a close linkage between time of 

day and the type of activity performed; at 4:00 AM, over 98% of the Dutch were 

sleeping, and at 9:00 PM, over 40% of the Californians were watching TV. Eating meals 

concentrated at three peak periods through the day. In modeling the type of activity 

performed, Kitamura, Chen, and Pendyala (1997) found that time of day was the most 

important variable in explaining what types of activities are performed. The relatively 

small deviations between scheduled activity starting times and actual starting times 

observed in this study further suggest that not only there exists a significant relationship 

between activity type and starting time, but also individuals may be able to schedule 

starting times quite precisely. In comparison, although it has been shown that activity 

duration is also closely correlated to type of activities performed (e.g., Kitamura, Chen, 

and Pendyala, 1997), the large deviation in duration between scheduled and executed 

activities suggests that, compared to starting times, individuals may not be able to 

accurately schedule duration. 

 

Yet another explanation for the substantial differences between the deviations in duration 

and those in starting times is that people respond to changes in the external environments, 

or to their own impreciseness in scheduling, first by adjusting ending times of activities. 

Doherty (2000b) found that among all modifications, 73% involved changing either the 

starting time or ending time of an activity. The finding here does not conflict with 
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Doherty’s findings, but provides further insights by suggesting that when responding to 

changes in the external environment, people may be more likely to adjust ending times 

than starting times.  

 

Table 4.4 shows the frequency of scheduled activities that were executed at scheduled 

locations and the frequency of activities that were not executed at scheduled locations. 

Most (92%) of the scheduled activities were indeed executed at scheduled locations and 

only 18 activities (8%) were executed at locations other than scheduled locations. The 

high percentage of scheduled activities executed at scheduled locations implies higher 

degrees of fixity associated with activity location than with starting time or duration. 

 

Table 4.4: Distribution of the Deviation in Activity Location 
between Scheduled and Executed Activities 

 
Location Matching N Percent 

Location Matched 208 92.0 
Location Unmatched 18 8.0 

 

4.5. Summary 

 

In this chapter, the analysis focuses on probing the basic characteristics of human’s 

activity scheduling behavior. Group and gender differences were also examined during 

the analysis, none was found significant. Therefore, they are not included here. 

 

By asking subjects to record activities they plan to do on the next day, it has been shown 

that scheduled activities account for between 30% to 45% of the executed activities. This 
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is consistent with the notion by Gärling et al. (1989) that “individuals have an 

intermediate time horizon”, that is, individuals do not make complete plans for all 

activities to be executed within a period. Instead, individuals start executing them before 

all activities are planned.  

 

It was shown that most of the executed paid work and educational and organizational 

activities were scheduled. These activities are relatively fixed in starting time and 

duration. Levels of fixity associated with starting time and duration play important roles 

in determining what activities are more likely to be scheduled. In scheduling, individuals 

may tend to first schedule activities that are relatively more mandatory and fixed in 

starting time and duration, followed by activities that are relatively flexible. 

 

A majority of scheduled activities were executed. For those scheduled activities that were 

executed, a significant amount of deviation was found between scheduled and actual 

starting times as well as between scheduled and actual duration. This demonstrates that 

activities cannot always be executed exactly as they were scheduled and the need for 

rescheduling often arises during execution either because unexpected events occur or new 

information becomes available and individuals may want to improve their activity 

engagement.  

 

In comparing deviations between scheduled and actual starting times and between 

scheduled and actual duration, it was found that the amount of deviation between the 

scheduled and the executed is much larger with respect to activity duration than with 
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starting time. Two explanations may be offered. Individuals may be able to schedule 

starting times more accurately than duration. Or, in execution, individuals may respond to 

unexpected events or to impreciseness of their schedules by first adjusting activity ending 

times. In terms of activity location, most (92%) of the scheduled activities were executed 

at the scheduled locations. This suggests that for a large number of activities, there may 

only exist one possible location. For some activities, individuals may tend to have strong 

preferences of locations and tend to keep them as scheduled in execution.  
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CHAPTER 5 

AN EXPERIMENTAL ANALYSIS OF THE ACTIVITY  

RESCHEDULING PROCESS USING VERBAL REPORTS 

 

5.1. Introduction 

 

In execution of scheduled activities, the need for rescheduling often arises because of 

either unexpected events or discoveries of better ways to reach the same or better goals. 

The purpose of this chapter is to examine characteristics of activity rescheduling 

processes. The results are based on a series of surveys and laboratory experiments. The 

surveys and experiments were designed to provide data that facilitate the analysis of the 

cognitive processes that underlie activity rescheduling.  

 

This chapter has seven sections. In Section 5.2, a brief literature review is provided. The 

design of the experiments is presented in Section 5.3. Findings on rescheduling 

characteristics are presented in Section 5.4. In Section 5.5, correlation among 

rescheduling characteristics is examined. In Section 5.6, associations between 

rescheduling characteristics and experimental variables are examined. A summary 

follows in Section 5.7. 
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5.2. Previous Research 

 

Despite the recent developments in activity scheduling and rescheduling, the current 

developments are limited in two areas. First, there has not been much development on 

individuals’ adaptation behavior toward changes in their external environment, which can 

be called “rescheduling” behavior. In their theory of household activity scheduling, 

Gärling et al. (1989) recognized the need of investigating rescheduling because “the 

scheduled activities are not executed as scheduled.” They, however, did not elaborate on 

how rescheduling is actually done, nor did they address the issue in their computational 

process model or in subsequent studies (Gärling et al., 1998). AMOS (RDC Inc., 1995; 

Pendyala et al., 1995) addressed the issue of how baseline activity and travel patterns 

might be changed in adaptation to Transportation Demand Management (TDM) 

measures. Modifications of the baseline activity and travel patterns are based on a set of 

devised rules. How well these rules mirror actual rescheduling behavior calls for a basic 

descriptive analysis of rescheduling behavior.  

 

Second, most developments focus on modeling activity scheduling and rescheduling 

behavior, but little is known about how individuals schedule their activities and travel, 

and even less is known about how individuals react to discrepancies between the 

scheduled and the executed. In this chapter, characteristics of individuals’ rescheduling 

behavior are investigated with the hope of painting a more complete picture of the 

activity rescheduling process.  
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5.3. Experimental Design 

 

In the rescheduling experiment, an experimental scenario was defined in terms of three 

variables: number of activities on the original schedule that were left to be pursued, 

whether the subject was ahead of or behind the original schedule, and the amount of 

deviation in time from the original schedule. The first variable, the number of activities to 

be pursued, had three levels: 5, 8, or 11 activities. The second variable had two levels: 

ahead of or behind the schedule. The last variable, the amount of deviation in time from 

the original schedule, is a between subject variable; its value varies between 20 to 150 

minutes (mean = 67.5 and standard deviation = 39.45), inclusive. The design is 

summarized in Table 5.1. 

 

Table 5.1: Experiment Design for Activity Rescheduling 
 

Factor Type Levels Value 
1 More More or Less Time 

Available 
Within 
Subject 2 Less 

1 5 Activities 
2 8 Activities 

Number of Activities to 
be Done 

Within 
Subject 

3 11 Activities 
Amount of Deviation 
from the Original 
Schedule 

Between 
Subject 

20 min. to 150 minutes 
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In the experiment, subjects were presented with an original schedule 1. The same original 

schedule was used for all subjects. A unified base schedule for all subjects in the 

experiment enables comparisons across subjects.  

 

In the rescheduling experiment, subjects were asked to talk aloud (i.e., talking out 

everything that came to mind during rescheduling) in all rescheduling scenarios and their 

verbal protocol data were recorded. In theory, if the verbalization does not interfere with 

the underlying behavioral process, the recorded verbal protocol data could be taken as 

accurately revealing underlying rescheduling processes. The validity of this approach was 

confirmed by the analysis reported in Chapter 3 of this dissertation. 

 

5.4. Rescheduling Characteristics 

 

Rescheduling decisions may be categorized into decisions that are concerned with the 

whole daily schedule and those concerned with a single decision element. The latter 

decisions, which are called “single decisions,” are mainly concerned with what activity 

should be rescheduled next. In decisions that are concerned with the whole schedule, 

which are called “comprehensive decisions,” individuals scan the schedule and search for 

an activity to be rescheduled. Comprehensive decisions raise the issues of whether to 

search forward or backward and how far to search.  

 

                                                                 
1 The original schedule was presented in Chapter 3 of this dissertation. 
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In this section, results concerning single decisions are first presented, followed by results 

concerning comprehensive decisions. For single decisions, the following questions are 

examined: whether subjects assessed the situation before the decision, whether subjects 

examined more than one alternative, and whether an activity was revised after its 

rescheduling. For comprehensive decisions, questions regarding the scope of search (e.g., 

in what direction and how far subjects search for an activity to be rescheduled) are 

examined. In addition, the efficiency of the overall rescheduling process is examined. 

 

5.4.1. Situation Assessment 

 

Assessing the rescheduling problem in the experiment involves two tasks: one is to define 

the goal of rescheduling and the other is to define the constraints of rescheduling. As 

every subject was instructed to revise the original schedule into one that they would 

implement in real life, subjects do not appear to have other specific goals in mind, except 

to reach a reasonably revised schedule. Consequently, the situation assessment here 

focuses on defining the constraints of rescheduling. There may be time-related 

constraints, which define the difference between expected time required to complete the 

rest of the activities and the amount of time available. There may also be constraints that 

are related to time and space separation; they define the difference between the current 

location and the expected location and the time it takes to travel from one location to the 

other. There may also be activity related constraints, which comprise time and location 

fixities, sequencing requirements, duration requirements, etc.  
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Verbal protocol data was coded in order to find out how subjects distribute their attention 

between situation assessment and rescheduling operation. Subjects’ verbal protocol data 

that consisted of statements can be classified either as situation assessment or 

rescheduling operation. If the statement refers to any one aspect of the situation 

assessment described above, it is coded as situation assessment. In example 5.1 below, 

the subject defined the current time, reviewed the next activity to do and defined his/her 

current location. This section is coded as situation assessment. If the statement indicates 

the rescheduling of one or more activities, it is coded as rescheduling operation. In 

example 5.2 below, the subject worked on the actual operation of the activity of picking 

up an airline ticket. This section is coded as rescheduling operations. 

 

Example 5.1 

OK, so it is 2:30 p.m., and I am supposed to pick up an airline ticket in Downtown Plaza. 

So, I am assuming that I am already in Sacramento.  

 

Example 5.2 

So, I walk down to Downtown Plaza, my friend and I, just for a few minutes, should not 

take very long. I would say, starts at 2:30 p.m., by the time I get my ticket and walk back 

to my car, is 3:00 p.m. 
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Table 5.2: Fraction of Problem Definition 
vs. Actual Rescheduling (N = 8330)1 

 
Characteristics Mean Fraction 
Situation Assessment 0.135 
Rescheduling Operation 0.865 
Total 1.000 

1 There are 8330 coded sections in the data in total. 

 
Table 5.3: Types of Situation Assessment 

(N = 1125)1 

 
Types of Situation Assessment Mean Fraction 
Time Related 0.62 
Time and Space Separation 0.06 
Activity Related 0.32 
Total 1.00 

1 There are 1125 situation assessment coded sections in the data 
in total. 

 

Table 5.2 shows that subjects devoted most of their attention to rescheduling, and 

situation assessment took place only in about 14% of all coded sections in the data. Table 

5.3 shows types of situation assessment statements in the verbal protocol data. About 

62% are time related; 6% are time and space separation related; and 32% are activity 

related. 

 

Once the situation is assessed, a strategy may be devised. For example, one may adopt a 

two-step approach in which one determines what to do in the first step and how to do it in 

the second step. For errand planning, Hayes-Roth and Hayes-Roth (1979) indeed found 

that the subject in their experiment adopted such a two-step approach in planning for a 

day; the first step is mainly a review process while the second step is a rescheduling 

process. This strategy may be applied in the rescheduling experiment. In scenarios where 

less time is available, one may first determine the priority level of each activity such that 
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activities with lower priority levels can be dropped in the rescheduling process. In 

scenarios where more time is available, one may first identify a list of potential activities 

that may be added such that some or all of them may be incorporated in the rescheduling 

process.  

 

An alternative to the two-step approach may be called a “plan as you go” approach. In 

this approach, individuals do not review the entire list of activities first. Instead, the 

review process and the rescheduling process are combined into one single process for 

each activity; in other words, individuals start rescheduling the first activity they 

encounter. The two step approach and the plan as you go approach represent two 

extremes. At one end, the reviewing process proceeds before the rescheduling process for 

all activities. At the other end, no activity is reviewed before its rescheduling. In reality, 

things may not be this clear cut and actual rescheduling behavior may fall somewhere 

between these two extremes. In other words, some activities may be rescheduled with a 

two-step approach while others may be rescheduled by a plan as you go approach. Such a 

hybrid process is expected in activity rescheduling. 

 

To examine which approach is more plausible, every activity that is kept in, deleted from, 

or added to the original schedule is coded as either “spur of the moment” or 

“contemplated”. If the activity is mentioned before its rescheduling, then it is coded as 

“contemplated”; if the activity is not mentioned before its rescheduling, then it is coded 

as “spur of the moment”. Clearly, if it were a pure two-step model, all activities would be 

coded as “contemplated”; if it were a pure plan as you go model, all activities would be 

coded as “spur of the moment”.  
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Statistics from Tables 5.4 and 5.5 clearly support our expectation that the rescheduling 

model appears to fall somewhere in between a pure two-step approach and a pure plan as 

you go approach. Table 5.5 indicates that for many subjects, the fraction of contemplated 

activities is zero (see the mode) and the entire distribution is skewed to the right (see the 

skewness and percentile measures). In other words, the rescheduling process appears to 

be closer to the “plan as you go” approach than to the two-step approach. This is even 

more so for added activities. About 96% of new activities are results of a spur of the 

moment and only 6 new activities are results of contemplation.  

 
Table 5.4: Distribution of Spur of the Moment vs. 

Contemplated Rescheduling 
 

 Characteristics Frequency1 Percent 
Spur of the Moment 1152 64.8 “Kept-in” 

Activities Contemplated 625 35.2 
Spur of the Moment 137 95.8 Added Activities 
Contemplated 6 4.2 
Spur of the Moment 121 67.6 Deleted Activities 
Contemplated 58 32.4 
Spur of the Moment 1410 67.2 Total 
Contemplated 689 32.8 

1 This includes every activity that is kept in, deleted from, or added to the original schedule. 
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Table 5.5: Distribution of the Fraction of “Contemplated”  
Activities: All Subjects and Scenarios Pooled 

 
Statistics Value (%) 

N 223 
Mean 33.9 
Median 25.0 
Mode .0 
Variance 1013.0 
Skewness .7 
25th Percentile 6.7 
75th Percentile 60.0 

 

The above result is consistent with results found by Doherty (1998). Doherty asked 

subjects to record whatever activities they thought of doing during the week. Activities 

that were not pre-planned but executed were recorded as “after-the-fact”. Doherty found 

that a substantial fraction of activity participation and modification is done on the spur of 

the moment; 30% for activity participation, 60% for activity modification and 41% for 

activity deletion.  

 

5.4.2. Alternative Evaluation 

 

Alternative evaluation is a common and important step in many decision making models. 

In the utility maximization model, individuals are assumed to choose, from a choice set, 

an alternative that maximizes their utilities. An alternative behavioral model is called the 

satisficing process (Simon, 1955, 1990) in which individuals do not exhaustively evaluate 

all alternatives but accept the first alternative encountered that is above their minimum 

acceptance thresholds. In activity rescheduling, evaluation of available alternatives takes 

place in a variety of forms; it may include evaluation of which activity to be selected for 
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rescheduling, which activity can be deleted or added, locations to perform the activity, or 

the sequence of performing activities. In the rescheduling experiment, every activity that 

is kept in, deleted from, or added to the original schedule is coded as either “maximizing” 

or “satisficing”. An activity was coded as “maximizing” if the subjects explicitly 

expressed that they were considering more than one alternative in any one of the above 

regards; otherwise, the activity was coded as “satisficing”. Table 5.6 suggests that a 

majority of activities are results of satisficing, not maximizing. 

 
Table 5.6: Distribution of Satisficing vs. Maximizing Processes 

 
Characteristics Frequency1 Percent 

Maximizing 53 2.5 
Satisficing 2046 97.5 
Total 2099 100.0 

1 This includes every activity that is kept in, deleted from, or added to the original schedule. 
 

The definitions of “spur of the moment” vs. “contemplated” and “maximized" vs. 

"satisficing” might be too restrictive. One may argue that the processes of contemplation 

and maximizing might be too fast for subjects to verbalize. Or, one may argue that the 

reason that all other alternatives were not mentioned in verbal protocol data is because 

they are either clearly infeasible or inferior to the subject. In both cases, what coded as a 

spur of the moment or satisficing process may be actually consistent with contemplation 

or utility maximization.  

 

The conclusion that subjects’ rescheduling processes are mostly spur of the moment and 

satisficing relies on the completeness of verbal protocol reports. This is, we assume that 

subjects have indeed talked out everything in their thought processes. Although in 
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Chapter 3, the reactivity effects were investigated and verbal protocol data was confirmed 

as nonreactive, the completeness of the verbal protocol report may not be guaranteed.  

 

Assuming that the verbal protocol data is complete, finding rescheduling processes to be 

mostly spur of the moment and satisficing is consistent with a vast number of studies on 

human behavior in psychology. The problem of activity scheduling, though belonging to 

the paradigm of planning problems, is certainly not the most important planning problem 

in our lives. It belongs to the regime of low level planning. Although analytically, the 

problem of activity scheduling can be extremely complex, individuals are likely not using 

a complicated method but rather using a cognitively simple method (satisficing) to solve 

the problem.  

 

5.4.3. Revising vs. Write-Only 

 

Hayes-Roth and Hayes-Roth (1979) asserted that the errand planning process is an 

opportunistic process because current planning often suggests opportunities to revise 

previous plans, and whenever there is such an opportunity, subjects would go back and 

revise them. This study examines how often subjects went back and revised previously 

rescheduled activities.  

 

In the rescheduling experiment, every activity that is kept in, deleted from, or added to 

the original schedule is coded as either “revising” or “write-only”. Whenever subjects 

went back and revised activities, it is called “revising” otherwise; otherwise, it is called 

“write-only.” This binary classification differs from both “spur of the moment” vs. 
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“contemplated” and “maximizing” vs. “satisficing”, which are all concerned with initial 

rescheduling of an activity. For example, “spur of the moment” vs. “contemplated” 

concerned whether an activity had been reviewed/mentioned before it was rescheduled 

(spur of the moment vs. contemplated); “maximizing” vs. “satisficing” concerned 

whether the subject examined more than one alternative (maximizing vs. satisficing). 

“Revising” vs. “write-only” is concerned with, given that an activity has already been 

rescheduled, whether the subject went back and made some modification. From Table 

5.7, it appears that most activities are write-only; only a small fraction (6.1%) of 

activities are revised.  

 

Table 5.7: Distribution of Revising vs. Write-Only Processes 
 

Characteristics Frequency1 Percent 
Revising 129 6.1 
Write-only 1970 93.9 
Total 2099 100.0 

1 This includes every activity that is kept in, deleted from, or added to the original schedule. 
 

5.4.4. Scope of Search 

 

When an existing activity is revised, a new sequence of activities results. Let the place in 

the activity sequence at which an activity is to be revised, be a reference point. Starting 

from this reference point, suppose a decision maker searches for an activity to be revised. 

One would then ask whether this search would be directed forward or backward along the 

time line, and how far the search may extend. 
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To answer the above question, subjects’ verbal reports are coded in the following way. 

For each reference to an activity, the coding indicates both the type of activity referenced 

and the distance from the last referenced activity. If the last referenced activity is ahead 

of the current activity, the distance is coded as a positive value, representing a forward 

motion; if the last referenced activity is behind the current activity, the distance is coded 

as a negative value, representing a backward motion. The distance of a motion is 

measured in terms of the number of activities; if the activity is next to the reference point, 

the distance is coded as 1; if there is another activity between the last referenced activity 

and the reference point, the distance is coded as 2, etc.  

 

Figure 5.1 shows the distribution of both forward and backward motions. It appears that 

forward movement to the next activity on the schedule is the most frequent motion. In 

addition, although there are a substantial number of backward motions, they are 

significantly fewer than forward motions. This observation suggests two possibilities. In 

the first hypothesis, subjects may make both forward and backward motions but they 

make substantially more forward motions than backward motions. In the second 

hypothesis, there might be two types of subjects: one type only makes backward motions 

and the other type only makes forward motions, and there are substantially more subjects 

of the latter type than subjects of the former type.  
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Figure 5.2 is a distribution of the fraction of forward motions by subject and scenario. In 

about 30 scenarios, subjects make only forward motions, but no subject makes only 

backward motions. In other words, most subjects make both forward and backward 

motions and the mode of the fraction of forward motions is between 70% to 85%, 

supporting the first hypothesis. This suggests that the activity rescheduling process is 

multi-directional and mostly forward moving, an observation consistent with the finding  

from Hayes-Roth and Hayes-Roth (1979) for errand planning. 

 

 

 

 

 

Figure 5.1: Distribution of Forward and Backward Motions
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5.4.5. Efficiency 

 

Another attribute of the rescheduling process is how efficient subjects are in arriving at 

their revised schedules from their original schedules. Efficiency is evaluated in terms of 

the number of transaction steps one goes through in arriving at revised schedules from the 

original schedules. A variety of transaction steps may include: adding new activities, 

deleting existing activities, revising locations of existing activities, moving up and down 

activities on the original schedule, etc. To represent the efficiency of rescheduling for 

every subject and every scenario, a superfluity score is calculated by subtracting the 

minimum number of transaction steps from the actual number of transaction steps. 

Therefore, a superfluity score with a value of zero indicates that the subject took the 

shortest path in arriving at the revised schedule from the original schedule. Higher values 

indicate that the subject took extra steps in arriving at the revised schedule (e.g., subject 

may revise several times during rescheduling). Figure 5.3 shows that subjects are rather 

efficient in rescheduling as for 70% of the cases, subjects arrived at the revised schedules 

Figure 5.2: Distribution of Fraction of Forward 
Motions by Subject and Scenario
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with a minimum number of steps, suggesting that subjects are quite efficient in arriving at 

revised schedules. 

Figure 5.3: Distribution of Superfluity Scores 
By Subject and Scenario
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5.5. Correlation Among Rescheduling Characteristics 

 

In this section, a correlation analysis is performed to examine possible correlation among 

rescheduling characteristics. Table 5.8 is an anticipated correlation matrix for the five 

characteristics. Let us first examine the relationship between superfluity scores and the 

other four characteristics. The positive relationship between superfluity scores and 

fraction of revised activities is a direct and structural consequence of the definition 

because going back to a previously rescheduled activity and revising it means that extra 

transaction steps must be made, which increases superfluity scores.  

 
Table 5.8: Anticipated Correlation Matrix of Superfluity Scores, 

Fractions of Contemplated, Revised, Maximized Activities 
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As well as Fraction of Forward Motions  

 
 Superfluity Contemp. Revised Maximized F. Motion  
Superfluity 1.00 ? + ? ? 
Contemp. ? 1.00 ? + - 
Revised + ? 1.00 ? - 
Maximized ? + ? 1.00 - 
F. motion  ? - - - 1.00 

 

Low values of the fractions of contemplated and maximized activities suggest that 

subjects rarely review and evaluate alternatives before rescheduling operations. Although 

low values have been found on these two characteristics, it is hard to expect in which 

direction these two characteristics might be related to superfluity scores, whose values 

have also been found low. One may argue that subjects review and evaluate alternatives 

before rescheduling operations such that no extra transaction steps will be made during 

rescheduling operations. Alternatively one may argue that subjects do not review and 

evaluate alternatives before the rescheduling operation. Instead they adopt a simple 

rescheduling strategy such that they add new activities when more time is available and 

delete existing activities when less time is available; this strategy will in fact lead to a low 

value of superfluity scores.  

 

Similarly, the direction of the relationship between the fraction of forward motions and 

the superfluity score is difficult to expect. Low values on the fraction of forward motions 

may suggest that subjects are making careful evaluations before rescheduling operations 

such that no extra transaction steps will be made in rescheduling. Alternatively, low 

values may also suggest that subjects make various revisions to previously rescheduled 

activities, which increases the superfluity score.  



 

 

152 

 

 

Low values have also been found on the fractions of contemplated and maximized 

activities. A positive relationship is expected between the two because both measures 

reflect the degree of attention subjects put into rescheduling. 

 

It is however hard to expect the direction of the relationship between the fraction of 

contemplated activities and the fraction of revised activities. Reviewing activities before 

rescheduling operations may be done in order to reduce the chance to revise again after 

the activity has been rescheduled. Or reviewing activities before rescheduling operations 

might reflect a general tendency to be opportunistic that indicates one would go back and 

revise whenever an opportunity arises.  

 

Similarly, it is difficult to expect the relationship between the fractions of maximized and 

revised activities in one direction or the other. In other words, how often one considers 

alternative before rescheduling operations does not necessarily increase or decrease the 

chance of going back and revising it again after an activity has been rescheduled.  

 

Last, a negative relationship is expected between the fraction of forward motions and the 

fractions of contemplated, revised and maximized activities. This is because, if one 

reviews, or considers more than one alternative before rescheduling operations, it 

unavoidably increases the chance of going back and thus reduces the fraction of forward 

motions.  
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To verify the expected correlation matrix as shown in Table 5.8, the fractions of 

contemplated, revised, and maximized activities as well as the fraction of forward 

motions were calculated for each subject and scenario. Then, together with the superfluity 

score, a correlation matrix among these five characteristics can be calculated (Table 5.9). 

As expected not all correlation coefficients are found to be significant, but those found 

significant are consistent with the expectations. The superfluity score is positively related 

to the fraction of revised activities. The fraction of contemplated activities is positively 

related to the fraction of maximized activities, but negatively related to the fraction of 

forward motions. The fraction of forward motions is negatively related to the fractions of 

both revised and maximized activities.  

 

Table 5.9: Pearson Correlation Matrix of Superfluity Scores, 
Fractions of Contemplated, Revised, Maximized Activities 

As well as Fraction of Forward Motions 1 

 
 Superfluity Contemp. Revised Maximized F. Motion  

1.00 -0.0061 0.3216 0.0299 -0.0919 Superfluity 
 (0.9282) *(< 0.0001) (0.6587) (0.1732) 

-0.0061 1.00 0.06652 0.2918 -0.3445 Contemp. 
(0.9282)  (0.3249) *(< 0.0001) *(< 0.0001) 
0.3216 0.0665 1.00 0.0709 -0.1579 Revised 

*(< 0.0001) (0.3249)  (0.2939) *(0.0188) 
0.0299 0.2918 0.0709 1.00 -0.3439 Maximized 

(0.6587) *(< 0.0001) (0.2939)  *(< 0.0001) 
-0.0919 -0.3445 -0.1579 -0.3439 1.00 F. motion  
(0.1732) *(< 0.0001) *(0.0188) *(< 0.0001)  

1 Values in parentheses: Prob > |r| under the null hypothesis that the correlation coefficient is equal to 
zero. The symbol * means significant at 95% confidence level. 
 

5.6. Rescheduling Characteristics and Experimental Variables 
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The need for rescheduling often arises under either a less than expected amount of time 

(time pressure) or a more than expected amount of time (extra time availability2). In this 

section, relationships between rescheduling characteristics under both situations are 

examined.  

 

Roles of time pressure have been found in the literature. Gärling et al. (1999) assumed 

that when facing time pressure (the pressure of completing a task in a limited amount of 

time), individuals first initiate short-term planning strategies, which inc lude deletion of 

scheduled activities temporarily. When faced with repeated failures of adhering to a 

scheduled activity agenda, individuals initiate long-term planning strategies, which 

includes deletion of scheduled activities permanently.  

 

In this study, time pressure or extra time availability is defined by three variables: 

number of activities to be pursued in the future, the amount of deviation in time from the 

original schedule, and whether there is more or less time available than anticipated. In 

particular, answers to the following three questions are sought: 

 

• Are rescheduling characteristics affected by the number of activities to be 

pursued? 

• Are rescheduling characteristics affected by the amount of deviation in time from 

the original schedule? 

                                                                 
2 Note that the time pressure defined here is different from the definition frequently seen in psychology, 
which is by introducing a deadline variable (see Svenson and Maule, 1993). 
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• Are rescheduling characteristics affected by whether there is more or less time 

available? 

 

To answer these questions, a correlation matrix was calculated between the five 

rescheduling characteristics and experimental variables (Table 5.10). From Table 5.10, it 

appears that both the number of activities to be pursued and the amount of deviation have 

quite minimal effects on rescheduling characteristics. It was found that the number of 

activities to be pursued in the future is positively related to the superfluity score. In other 

words, the more activities to be pursued in the future, the more inefficient subjects are in 

arriving at revised schedules. This result is within the expectation because more activities 

to be pursued in the future means more rescheduling alternatives and more complex 

situations for subjects, which would probably increase superfluity scores.  

 

Table 5.10: Correlation Coefficients Between 
Rescheduling Characteristics and Experimental Variables1 

 
More Time Available Less Time Available  

# of Activities Time Deviated # of Activities Time Deviated 
Superfluity 0.281 

(0.003) 
# 0.211 

(0.026) 
# 

Contemplated # # # # 

Revised # # # # 

Maximized # -0.209 
(0.028) 

# # 

F. motion  # # 0.321 
(0.0006) 

-0.297 
(0.002) 

1  The symbol “#” means insignificance. 
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The number of activities to be pursued in the future is also positively related to fractions 

of forward motions when less time becomes available. In other words, when there is not 

as much time as expected, having more activities to pursue increases the chance of 

forward moving. The variable, however, does not have much effect on the fraction of 

forward moving when more time becomes available.  

 

The amount of deviation from the original schedule is negatively related to the fractions 

of maximized activities when more time becomes available. It is also negatively related 

to the fraction of forward motions in less time scenarios. In other words, in more time 

scenarios, with the increase in deviation from the original schedule, the rescheduling 

process tends to be more a satisficing process than a maximizing process. In less time 

scenarios, with the increase in deviation from the original schedule, the rescheduling 

process tends to be more a one-directional process than a multi-directional process.  

 

5.7. Summary 

 

The analysis of this chapter has focused on activity rescheduling processes. The analysis 

breaks into three parts. In the first part, activity rescheduling processes are examined by a 

number of characteristics. In the second part, correlation among rescheduling 

characteristics is examined. In the third part, relationships between rescheduling 

characteristics and experimental variables are examined. Findings from the three parts are 

summarized as follows. 
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Activity rescheduling processes exhibited by the subjects of the experiments of this study 

may be summarized with the following terms:  

 

• Rarely evaluates the overall situation, 

• Multi-directional, but mostly forward moving, 

• Myopic, 

• Write-only, 

• Satisficing, and 

• Efficient. 

 

In one sentence, individuals use quite simplistic approaches in activity rescheduling. This 

does not conflict with Doherty’s results (2000b). Doherty showed that subjects’ 

transaction (add, delete, modify) patterns are highly sophisticated, in which different 

types of (add, delete, modify) transaction steps are intertwined together. Transaction steps 

are consequences of cognitive activities (rescheduling) and complex patterns would be 

expected if subjects’ transaction patterns had been examined in this experiment. The 

results here suggest that complex consequences of cognitive processes of rescheduling 

come from rather simplistic cognitive tasks. 

 

Like scheduling (discussed in Chapter 4), rescheduling is also a type of low-level plan 

where not only rescheduling and execution are not well differentiated from each other, 

but also stages within rescheduling (recognizing a need to reschedule and forming a 

revised plan) are not separated from each other. Although human beings are capable of 
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many high- level plans, activity scheduling and rescheduling, like many other habitual 

behaviors, are part of everyday low-level plans they choose to perform.  

 

The superfluity score has been found to be positively related to the fraction of revised 

activities. This is within expectation as a higher value on revising steps unavoidably 

increases the number of steps one must make to reach the final schedule, increasing the 

chance of producing redundant steps, thus inflating the superfluity score. The fraction of 

contemplated activities is found positively related to the fraction of maximized activities. 

This is again within expectation. If one does not review activities before rescheduling, 

one likely will not evaluate alternatives before rescheduling. Last, the fraction of forward 

motions is found negatively related to the fractions of contemplated, revised and 

maximized activities. This is because an increase in any one of the three variables 

(contemplated, revised, or maximized) increases the chance of going back to previously 

rescheduled activities and, consequently, the fraction of forward motions will decrease. 

 

As for the relationships between rescheduling characteristics and experimental variables, 

in general, it has been found that the two experimental variables, the number of activities 

to be pursued in the future and the amount of deviation from the original schedule, have 

minimal influences on rescheduling characteristics. The number of activities to be 

pursued in the future is found to be positively related to the superfluity score in both more 

time and less time scenarios. The fraction of maximized activities is found to be 

negatively related to the amount of time deviated from the original schedule in more time 

scenarios, suggesting that under more time scenarios, the availability of extra time 

increases the chances of evaluating more than one alternative before rescheduling. Under 



 

 

159 

 

less time scenarios, the fraction of forward motions is found positively related to the 

number of activities to be pursued in the future but negatively related to the amount of 

deviation from the original schedule. This suggests that when less time becomes 

available, a larger number of activities to be pursued in the future tends to make the 

rescheduling process more forward moving than multi-directional. However, when less 

time becomes available, a larger deviation from the original schedule tends to make the 

rescheduling process more multi-directional than forward moving. 
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CHAPTER 6 

A MODEL OF ACTIVITY RESCHEDULING: 

HOW TO FORM A REVISED PLAN? 

 

6.1. Introduction 

 

In Chapter 5, two types of choices were discussed: those related to a single decision (e.g., 

determining attributes of a single activity) and those related to sequences of activities. 

The latter choices are decisions on how to form a plan instead of actual planning 

decisions as the former type of choices. Similarly in activity rescheduling, one must also 

be concerned with these two types of choices. The former type of choices is related to 

attributes of a single rescheduled activity; the latter type of choices is related to those of 

sequences of rescheduled activities. As it is in activity scheduling, the latter choices are 

decisions on how to form a revised plan instead of actual rescheduling decisions as the 

former type of choices. Here, the decision is: given the current position on the original 

schedule, in which direction should one search and which activity should one choose as 

the next activity to reschedule. Once an activity is selected for rescheduling, actual 

rescheduling decisions may be made on that activity, e.g., revise its duration or location, 

delete it, introduce a new activity in front of it, or stop the rescheduling process.  

 

The rest of this chapter is organized as follows. In Section 6.2, a brief literature review is 

presented. In Section 6.3, a discussion regarding applicability of existing model structures 

is presented. Then in Section 6.4, a cognitive structure of activity rescheduling processes 
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is proposed, followed by a theory of active choice set, a mechanism describing how 

individuals determine which activity to reschedule next. A discussion is presented in 

Section 6.5. 

 

6.2. Previous Research 

 

To the author’s knowledge, there has not been a single research effort in the literature that 

is entirely devoted to activity rescheduling processes; insights that have been gained in 

activity rescheduling processes are in the domain of activity scheduling. Since the two 

types of choices concerned in activity scheduling processes are similar to those in activity 

rescheduling processes, the review in this section mainly focuses on the frameworks that 

have been proposed in the activity scheduling literature regarding the decision on how to 

form a plan. This  will provide invaluable insights in developing a theory describing the 

decision on how to form a revised plan.  

 

One model of how individuals form a revised plan is the utility maximization framework, 

assuming that individuals are able to enumerate all possible revised plans and select the 

one with the maximum utility. Adding to this assumption, suppose either there are no 

continuous elements (like time) in the plans, or all continuous elements can be 

approximated by discrete variables. Then, one can apply discrete choice models (e.g., 

conditional logit models) in modeling. Adler and Ben-Akiva (1979), for example, 

developed one of the earliest conditional logit models of individuals’ activity and travel 

pattern. In their work, they viewed that all alternatives were at the same level. 
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An alternative to viewing that all alternatives are at the same level is to organize 

alternatives into a tree structure with more than one level. There may be different ways to 

organize alternatives into a tree structure. For example, in a typical decision containing 

both mode choice and destination choice, one level of the tree structure may represent 

mode choice, while the other level may represent destination choice. Or in a choice 

determining an activity and travel pattern, upper levels may be for attributes specifying 

general characteristics of patterns and lower levels may be for attributes specifying 

details of patterns. Ben-Akiva et al. (1996) proposed a model in which the formation of 

activity and travel patterns was viewed as a hierarchical and multi-dimensional process. 

At the upper level, daily activity patterns were characterized by a set of home-based 

tours. The mid level was concerned with the formation of tours, i.e., whether to combine 

activities into a single tour or multiple tours. The lower level was concerned with the 

destinations, timing and travel time associated with each tour in the daily activity and 

travel pattern. In this example, the tree had an organized and hierarchical structure. 

 

The main advantage of organizing alternatives into such a tree structure instead of 

organizing them into the same level is the capability of the tree structure to incorporate 

some shared and unobserved components between alternatives. For example, two mode 

alternatives having the same destination may unavoidably share some unobserved 

components. In a model where all alternatives are at the same level, independence is 

assumed among all alternatives. Both the tree structure and the one where alternatives are 

organized into the same level are termed simultaneous approaches, because they assume 
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that individuals complete the decision on which activity and travel pattern to choose all in 

one step. One problem with these approaches lies in their assumption regarding 

individuals’ ability to enumerate and calculate. Research has repeatedly shown that 

individuals are not equipped with capabilities to enumerate all possible alternatives, 

calculate their utilities and then select one with the maximum utility (Payne et al., 1993).  

 

An alternative approach may be called the sequential approach, which assumes that the 

decision on which activity and travel pattern to choose is a sequential and gradual 

process; individuals decide on one activity at a time, and the decision on the last activity 

marks the completion of the activity and travel pattern. Two examples of using sequential 

approaches are Kitamura and Fujii’s PCATS model (1996) and Kitamura, Chen, and 

Pendyala’s model (1997). 

 

Ettema et al. (1993) assumed that activity schedules were completed by individuals’ 

repeatedly applying different transaction steps (adding, modifying, deleting, or stopping), 

mostly adding steps. The difference between Ettema et al.’s sequential approach and 

those approaches discussed above is that Ettema et al.’s approach involves an element of 

rescheduling, with the transaction step of modifying; individuals can modify attributes of 

activities on the schedule, for example, duration and location. Which transaction step to 

apply at time t is chosen based on utility maximization principles.  

 

Ma and Goulias (1998) developed a model that combined both sequential and 

simultaneous approaches. It was assumed that there existed a set of different activity 
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patterns and a set of different travel patterns. Individuals were assumed to select a 

particular activity pattern and a particular travel pattern. This choice was viewed as 

simultaneous decision making. Given the particular activity and travel patterns, 

individuals followed sequential decision making procedures to determine departure time 

from home, type of activity, duration, and travel time.  

 

Recker et al. (1986a, 1986b) developed a model called STARCHILD. The structure of 

STARCHILD consisted of several sub-components each responsible for different tasks; 

among the tasks, selection of a final activity and travel pattern from a set was based on 

utility maximization principles. The STARCHILD model consisted of five modules: 

TROOPER, SNOOPER, GROOPER, SMOOPER, and CHOOSER. TROOPER, for 

example, was responsible for analyzing household information and specifying activity 

programs for each household member. The SNOOPER module generated a set of feasible 

activity and travel patterns. The GROOPER and SMOOPER modules reduced the size of 

the set to a non- inferior set containing only distinct and independent patterns by applying 

individual decision rules. The final activity and travel pattern was selected from the 

choice set by CHOOSER, using a multinomial logit model.  

 

The model by Recker et al. is a combination of both psychological decision rules and 

utility maximization principles. There are also models developed whose operations are 

purely on the basis of psychological decision rules. Hayes-Roth and Hayes-Roth (1979) 

developed one of the earliest errand planning models using decision rules. Based on the 

finding that individuals’ errand planning processes were largely multi-directional and 



 165 

opportunistic, the model by Hayes-Roth and Hayes-Roth consisted of five independent 

but mutually communicable cognitive specialists, each responsible for a unique set of 

tasks.  

 

The five specialists were executive, meta-plan, plan abstraction, plan, and knowledge 

base. The executive specialist supervised communications of the other four specialists; 

set priorities; scheduled the execution order of the other specialists; and resolved conflicts 

if any. The meta-plan specialist provided information on how to approach the problem; it 

defined the type of problem at hand; laid out strategies; and selected criteria to evaluate 

alternative solutions. The knowledge base specialist provided observations and 

computations that may be relevant to planning processes; it determined importance levels 

of activities; observed a spatial cluster of activities; identified the closest neighbor from a 

particular point; and discovered a shortest route in traveling from one place to the other. 

The plan abstraction and plan were the two specialists that determine the actual 

development of the plan. The plan abstraction determined desired attributes of potential 

decisions. The plan specialist, on the other hand, specified the actual action, desired by 

the plan abstraction specialist.  

 

Another rule-based model was developed by Gärling et al. (1989). Their model consisted 

of three processors: scheduler, executor, and social interaction operator. The scheduler 

performed four functions: identified constraints, selected activities for scheduling, 

sequenced them, worked out a detailed schedule of activities including their duration and 

location, and resolved conflicts if there existed any inconsistency in the schedule. The 
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main task of executor was to execute activities that were scheduled by the scheduler. 

There existed an interaction between the scheduler and the executor; in execution, there 

may arise a need to reschedule activities on the schedule and when this happened, the 

scheduler took over from the executor. The social interaction operator also interacted 

with the scheduler; it assigned different types of activities (activities that must be 

performed by a specific household member, activities that can be performed by any 

member, or activities that must be performed by multiple members) to household 

members by applying a set of decision rules.  

 

Gärling et al. (1998) further refined the theory of activity scheduling proposed in 1989 

and proposed an operational model of activity scheduling. The model consisted of the 

following components. Information about external physical environment was acquired by 

the individual and stored into a long term memory of high capacity, called the cognitive 

map. Information stored in the cognitive map was frequently acquired, maintained, and 

updated. Information about activities was stored in anther long term memory, called long 

term calendar. Information needed for execution was stored in short term memory. To 

process information, information about the external physical environment was first 

acquired by the individual; the acquired information formed the individual’s cognitive 

map. Together with the long term calendar, the cognitive map was input into a module 

called Scheduler. The output from the Scheduler was a tentative schedule, stored in the 

short term calendar. If all information about the schedule in short term calendar was 

complete, the schedule was executed by the Executor. If not, more information must be 

acquired from the external environment. Scheduling of activities was completed by 
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repeatedly calculating priorities of activities stored in the long term calendar based on 

their anticipated utilities, and selecting activities with highest priorities into the schedule. 

Priorities of activities were calculated via a linear function of the state of readiness, the 

anticipated utility, and the cost of performing an activity at time t.  

 

6.3. Applicability of Existing Model Structures in Activity Rescheduling Setting 

 

The most critical issue is whether the model represents, or tries to represent, the cognitive 

processes for activity scheduling or rescheduling. As it is intended to develop a model 

that can represent the cognitive processes of activity rescheduling, models that do not 

intend to represent cognitive processes are not considered. For example, neither 

simultaneous nor sequential approaches aim to represent the cognitive processes for 

activity scheduling. Although these models assume that individuals go through a process 

of generating all possible alternatives and selecting one, such a process is implicit in the 

models.  

 

Other models try to represent cognitive processes for activity scheduling explicitly. 

Recker et al.’s STARCHILD essentially makes the above assumption explicit in the 

model. It also adds one more step in the process: reducing the size of the alternative set. 

The Hayes-Roth and Hayes-Roth model assumes that the individual’s cognitive processes 

are controlled by five cognitive specialists, each responsible for a particular set of tasks. 

There are specialists that monitor the other specialists, specialists that define the problem 

at hand and lay out strategies, specialists that process information, and specialists that 
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work on the actual development of the plan. Gärling’s model emphasizes the formation of 

the cognitive map, which is the individual’s own representation of the external physical 

environment. Together with information about activities, information in the cognitive 

map is input into a cognitive module called Scheduler. By repeatedly calculating 

priorities of the activities, the Scheduler outputs a tentative schedule. The tentative 

schedule is to be executed if all information needed for execution is complete. If not, 

more information must be acquired from the outside environment.  

 

An alternative way to categorize the models in activity scheduling is via responding to 

two questions: one step or multi-step? If multi-step, procedural or non-procedural? The 

first question asks whether the model can find a final activity and travel pattern in one 

step or in more than one step. Models that apply discrete choice models belong to one 

step models while models containing different sub-components or modules usually 

belong to multi-step models. If it is a multi-step model, it may be either a procedural type 

or non-procedural type. If the model is a procedural type, its operations follow some kind 

of pre-defined flows, which may go either forward or backward or both. If the model is a 

non-procedural type, its operations do not follow some kind of pre-defined flows. A non-

procedural type model usually contains several independent but mutually communicable 

modules and execution of any module is initiated by satisfying a set of rules. In other 

words, these models are condition driven. There exists a set of pre-defined “if…then” 

rules specifying the kind of actions to be taken if a particular set of conditions are 

satisfied. A typical example of the non-procedural type model is the Hayes-Roth and 

Hayes-Roth model.  
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A major advantage of a non-procedural type model is its structure; it does not have to 

follow some kind of pre-defined flows, either forward or backward or both. A non-

procedural type model can result in a large number of different scheduling patterns and 

thus is suitable for the type of problem where different individuals or the same individual 

at different times exhibits different behavioral patterns. This appears to be the case for 

activity rescheduling. In the previous chapter, it has been found that individuals hardly 

review activities before rescheduling; hardly consider more than one alternative before 

rescheduling; hardly revise activities once having rescheduled them; occasionally define 

time related, location related or activity related constraints; and occasionally identify trips 

or activities that can be linked together. Individuals “hardly” or “occasionally” perform 

some functions for rescheduling. This type of behavior is best modeled by a non-

procedural type model.  

 

There are, however, a number of problems if the Hayes-Roth and Hayes-Roth model is 

directly applied to model activity rescheduling processes. The Hayes-Roth and Hayes-

Roth model is designed to model errand planning processes where subjects were given 

more hypothetical activities than they could perform in a hypothetical town. Because they 

had more activities than they could do, subjects must first determine priority levels of 

activities and seek out important activities that must be done. Because they were placed 

in a hypothetical town, subjects must identify spatial clusters of activities, compute 

distances between activities, and discover short-cut routes between activities. These 

actions enable the establishment of the five specialists, especially the plan abstraction, 
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knowledge base, and plan specialists. In activity rescheduling, subjects were given 

hypothetical original schedules and scenarios to revise. Activities on the original schedule 

were reasonably spatially clustered and therefore subjects did not need to actively seek 

activities that form a spatial cluster. In other words, the setting for activity rescheduling 

(in our experiment) is more familiar to subjects than the setting in Hayes-Roth and 

Hayes-Roth’s experiment to their subjects. Consequently, the observed cognitive process 

for activity rescheduling in our experiment appears much simpler than that for activity 

scheduling in Hayes-Roth and Hayes-Roth’s experiment. If the Hayes-Roth and Hayes-

Roth model were applied to a simple activity rescheduling process, many of its functions 

would not be utilized.  

 

Another problem with applying the Hayes-Roth and Hayes-Roth model directly into 

activity rescheduling processes is that a number of links between specialists are unclear 

even in the Hayes-Roth and Hayes-Roth settings. Hayes-Roth and Hayes-Roth illustrated 

how the proposed model can be applied to model one subject’s errand planning process in 

the experiment. Shown in Figure 6.1 below, the subject first initiated the problem 

definition decision in meta-plan specialist, which then invoked the model decision in 

which the subject defined the problem at hand as a scheduling problem. It then invoked 

both policies decision and priorities decision in the executive specialist. The executive 

specialist then decided to execute the policies decision first, followed by priorities 

decision. In the policies decision, the subject decides that his goal is to do important 

activities at least. In priorities decision, the subject first decided what to do and then 

decided how to do it. The execution of policies decision invoked intentions decision in 
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the plan abstraction and the priorities decision invoked the next level of focus decision. In 

the intentions decision, the subject decided to do all the important activities, which 

invoked knowledge base to assign priority levels in the errands decision. The outcomes 

decision in the plan specialist then obtained a list of activities with primary importance 

from the knowledge base.  

 

From the above example, the Hayes-Roth and Hayes-Roth model appears to fit well to 

the selected subject’s verbal protocol data. However, questions regarding what level of 

decisions/tasks1 in which specialist should be invoked under different circumstances 

remain unclear. Similarly, how the executive specialist determines the order of other 

specialists when more than one specialist has been invoked also remains unclear. For 

example, does the problem definition decision in meta-plan specialist always invoke only 

the next level model decision? How does the executive specialist determine to execute 

the policies decision in the meta plan specialist first, followed by the priorities decision in 

the executive specialist? These unanswered questions would unavoidably create 

difficulties if the Hayes-Roth and Hayes-Roth model were applied in activity 

rescheduling processes.  

 

                                                 
1 Decisions/tasks responsible by specialists are all organized in a hierarchical structure except for the Meta-
plan specialist. 
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Figure 6.1: Hayes-Roth and Hayes-Roth’s Model Structure of Five Speicalists (Hayes-Roth and Hayes-Roth, 1979) 
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6.4. A Model of Activity Rescheduling: How to Form a Revised Plan? 

 

6.4.1. The Structure 

 

The structure for activity rescheduling processes proposed here follows that of the Hayes-

Roth and Hayes-Roth model. Shown in Figure 6.2, it consists of seven specialists: the 

Definer, the Reviewer, the Reviser, the Evaluator, the Linker, the Rescheduler, and the 

Knowledge Base. Each specialist is responsible for a set of pre-defined tasks, which will 

be discussed below. The center specialist is the Rescheduler, which decides which 

activity to reschedule next and how to reschedule it. Specialists including the Definer, the 

Reviewer, the Reviser, the Evaluator, and the Linker serve the function of providing 

information to the Rescheduler for it to make a decision. The Knowledge Base serves as a 

data base from which the other specialists obtain relevant information.  

 

The Definer. Rescheduling in response to time related changes is invoked by subjects’ 

realization that there is either more or less time available to perform activities on the 

original schedule. Such a realization is usually reached by assessing the situation at hand. 

The Definer is responsible for tasks related to situation assessment. There may be time 

related assessments; for example, the show starts at 4:00 P.M. There may be assessments 

related to time and space separation; fo r example, it takes a certain amount of time to 

travel from one location to the other. There may also be activity related assessments, 

which concern time and location fixities, sequencing requirements, duration 

requirements, etc.  
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The Reviewer. Discussed in Chapter 5, if subjects adopt a two-step approach as Hayes-

Roth and Hayes-Roth suggested, they would decide what activities to do first and then 

decide how to perform them. In this case, subjects would first review activities that are 

scheduled to be performed first. The specialist Reviewer is responsible for reviewing 

activities to do. Reviewing activities to do simply means registering activities to do in 

subjects’ minds. When reviewing, subjects may also assign priority levels to activities 

and associa te estimated durations with activities.  

 

The Reviser. Hayes-Roth and Hayes-Roth (1979) found that subjects are opportunistic in 

errand planning. This means that subjects go back to previously scheduled activities and 

revise them whenever possible. In rescheduling, it has been found that, though not often, 

subjects do sometimes go back to previously rescheduled activities and revise them. The 

specialist Reviser is responsible for tasks including identifying opportunities for revising 

and deciding whether to revise or not .  

 

The Evaluator. In making a rescheduling choice, subjects may consider more than one 

alternative. An activity may be performed at alternative locations; an alternative sequence 

of activities may be performed. The specialist Evaluator is responsible for identifying 

alternatives during rescheduling. 

 
The Linker. It is also proposed that subjects may prefer to link activities in the choice set 

for efficiency. For example, shopping activities may be conducted at stores in close 
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proximity. Trip linking may take place any time during rescheduling. The specialist 

Linker, identifies potential activities that can be linked together and links them together.  

 
 

The Rescheduler. The Rescheduler is responsible for two types of decisions: which 

activity to reschedule next and how to reschedule it. Note that except for one case of 

adding new activities2, these two are very different decisions. As more than one activity 

needs to be rescheduled in general and they cannot be rescheduled all at the same time, 

subjects must first decide which activity is to be rescheduled first. This is the first type of 

decision that the Rescheduler is concerned with. The theory of active choice set will be 

proposed later in this chapter to illustrate how subjects make this cho ice. Once the 

Rescheduler decides which activity is to be rescheduled first, the next decision to be 

made is how to reschedule it. It may decide to keep the activity as it is, delete the activity 

from the list, or revise the activity. The decision on how to reschedule the activity is 

carried out by the transaction step selector in the Rescheduler.  

                                                 
2 For adding activities, if the individual selects an activity that just came into mind as the next activity to 
reschedule, consequently, the choice for the transaction step selector must be adding new activities to the 
schedule. 
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Figure 6.2: Structure of Activity Rescheduling Processes 
(Stimulated by Hayes-Roth and Hayes-Roth, 1979 

and Gärling et al., 1998) 
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The Knowledge Base. The structure of the Knowledge Base draws from Gärling et al. 

(1998). The Knowledge Base serves as a data base in which two main functions are 

performed: storing information, and manipulating the information stored. Over time, 

individuals acquire a large amount of information from the outside environment. The 

information, filtered through individuals’ interpretation, is stored in the Knowledge Base. 

A number of functions may be performed on the stored information, including searching, 

calculating and associating, e.g., associating priority levels to activities. 

 

Among the specialists, only the Knowledge Base is a static specialist in the sense that it 

does not initiate actions on its own; the Knowledge Base only responds to requests sent 

by other specialists. This is represented in Figure 6.2 by a set of double dotted arrows 

coming into the Knowledge Base. For example, the Reviser may send a request to the 

Knowledge Base for store hours. Or the Evaluator might send a request to the Knowledge 

Base for the distance between two activity locations.  

 

Rescheduling operations mainly takes place among the Definer, the Reviewer, the 

Reviser, the Evaluator, the Linker and the Rescheduler. They are each both independent 

and mutually communicable. Being independent means that each specialist is a stand-

alone module and its execution is not conditional on any other specialists. Being mutually 

communicable means that each specialist is aware of other specialists’ actions. 

Communication among specialists is enabled via a common data structure, called 
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“blackboard”. Every time a specialist executes an action, it records it on the blackboard. 

Specialists may access the blackboard at any time.  

 

Activation of the specialists in the model has certain regularities combined with 

randomness. In other words, due to its randomness, it is hard to devise a set of fixed rules 

describing the activation of the specialists. And yet, there exists some regularities with 

which specialists appear to activate under some particular circumstances more probably 

than in other circumstances. In the following several paragraphs, such regularities 

associated with the specialists will be described. 

 

Activation of the Definer has some similarities to the activation of the Reviewer. First, at 

the beginning of each rescheduling scenario, all subjects in the experiment reviewed a list 

of time related, location related and activity related constraints as well as the list of 

activities to do. This is equivalent to activating both the Definer and the Reviewer. 

Second, the Definer is often activated together with the Reviewer. Third, during 

rescheduling processes, subjects rarely define constraints nor review activities to do. This 

is concluded from the observation presented in Chapter 5, which found that subjects spent 

most of their time working on rescheduling operations and rarely reviewed activities to 

do. Last, in reviewing activities to do, subjects appear to review only a few activities 

ahead. This is concluded from the observation in Chapter 5, which found that subjects are 

quite myopic in rescheduling processes. 
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The Linker is responsible for identifying and linking potential activities that can be 

performed together. Activities that are linked together often possess one or both of the 

following attributes:  

 

• Activities are close to each other in space, and 

• Activities are of the same nature (e.g., shopping activities, errands). 

 

It was found that in rescheduling processes, occasionally, subjects go back to previously 

scheduled activities and revise. Reasons behind those revisions are investigated. Table 

6.1 reveals that about 60% of the revising is time-related, either due to a lack of time or 

more time available, and another 22.5% of the revising was done to streamline the 

schedule. Other reasons for revising included: concerns that food or flowers might perish 

in the car, limited opening hours of activity opportunities, changing travel mode, re-

sequencing activities to pursue more important activities first, and changing mind.  

 
Table 6.1: Distribution of Reasons for Revising 

 
Reasons  Frequency Percent 

Lack of time 41 31.8 
Closeness/efficiency 29 22.5 
More time available 35 27.1 
Avoid food spoiling 3 2.3 
Opening hour 5 3.9 
Change mind 3 2.3 
Change mode 1 .8 
Priority acts. done first 1 .8 
Avoid flower withering 3 2.3 
Not clear 8 6.2 
Total 128 100.0 
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In rescheduling processes, subjects rarely evaluate more than one alternative before 

rescheduling operations. For 53 cases (Table 5.6) where subjects evaluated more than one  

alternative, the nature of the evaluation is investigated. Slightly over half of the cases 

were evaluating alternative locations for activities, half of which belong to alternative 

locations for purchasing flowers. In the original schedule, subjects were planning to go to 

Arden Fair Mall for clothes and flowers shopping, following the lunch and airline ticket 

in Downtown Plaza. When time becomes short, many subjects decided to delete clothes 

shopping because it is not important. Flower shopping is important because it will be 

presented to a friend in a show in Davis. However, flowers can be purchased at a location 

closer to Davis than Arden Fair Mall. In about a quarter of the cases, subjects considered 

sequence related alternatives; and in another a quarter of the cases, subjects considered 

alternative showing times for the movie. 

 
Table 6.2: Distribution of Nature of Evaluation 

 
Nature of Evaluation Frequency Percent 

Sequence Related 12 22.6 
Alternative Showing Times for Movie 14 26.4 
Alternative Locations of Activities 27 51.0 

Grocery Shopping 4   
Flowers 13   
Clothes 4   
Bike Lock 2   
Dinner 4   

Total 53 100.0 
 

6.4.2. Example 

 

As an example, one subject’s scenario was presented below (Example 1) to illustrate how 

the proposed structure works. In segment 1 of the Example 1 below, both the Reviewer 
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and the Definer were initiated. The subject reviewed activities to do; defined activity 

related constraints (going to dinner and show, get a bike lock, and check out a movie) and 

time related constraints (the show has lasted until 7:00 P.M.; see the movie at 7:00 P.M.; 

check out a movie before 9:00 P.M.). In segment 2, the Rescheduler was initiated; the 

bike lock was chosen as the next activity to reschedule and the individual decided to 

forget about it. In segment 3, the Rescheduler was executed. The Rescheduler determined 

the dinner as the next activity to reschedule. Before the Rescheduler made a decision on 

the dinner activity, in segment 4, the Evaluator was executed, noting that the subject may 

see the movie at 9:00 P.M. as an option. In segment 5, the Reviser identified the 

opportunity of revising the previously deleted bike lock activity due to the extra time; the 

Reviser made a decision of revising the bike lock activity. The Rescheduler in turns 

determined the bike lock as the next activity to reschedule and decided to add it back to 

the schedule. From segments 6 to 9, the Rescheduler was executed; the subject 

rescheduled activities to the end of the schedule. In segment 10, the Reviser was executed 

again, after realizing the bike lock store might be closed; the Reviser determined to revise 

the bike lock activity again. The Rescheduler then in turn determined the bike lock as the 

next activity to reschedule and decides to postpone it. From segments 11 to 14, only the 

Rescheduler was executed and the subject completed rescheduling in segment 14. 

 

Example 1: 

1. OK, I am going to dinner. Ok, so the show has lasted until 7:00 pm instead of until 5:00 pm. 

Supposed to get a bike lock and then have dinner, and then see movie at 7:00 pm. It is already 

7:00 pm. And check out a movie before 9:00 pm.  

 

2. Ok, well, I will forget about buying the bike lock for one thing.  
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3. If I am meeting somebody for dinner at Café Bernardo, I have to… I assume that I will be 

meeting somebody, so that I will go ahead and do that and I think, except that the person would 

not probably be there, but.  Well, I will get in touch with whoever I was supposed to have dinner 

with. If I was not planning to have dinner with anybody, if I had just planned to go there and then 

to go to the movie, I would still be able to go to the movie. It really depends whether I am doing 

these things with other people or not. Well, what I really have to do would be… 

 

4. I see, there is a movie at 9:15 pm too.  

 

5. So I could buy the bike lock,  

 

6. go and get the movie from Blockbuster,  

 

7. have dinner at café Bernardo, 

 

8. and go to the 9:15 pm movie  

 

9. and then go home. 

 

10. That is what I think I would do. Well, I think that I will forget the bike lock because the store 

will be closed anyway. So, I will postpone that activity. Does this mean that I was supposed to do 

it by myself, or I can add somebody.  

 

11. Well, if I had this plan to have dinner and go to movie with somebody else, so, I think we are 

going to decide which we are going to do it first. Talk with my friend to see about a dinner versus 

a movie we will do, either postpone the movie or forget it.  
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12. Go to the Blockbuster and do this before 9:00 pm.  

 

13. And then, maybe consider going to the 9:15 pm movie.  

 

14. And then go home either after 9:00 pm or after 11:30 pm.  

 

The verbal protocol data presented above show two psychological traits commonly 

associated with human behavior including activity rescheduling processes. One is 

randomness. Note that throughout this example, the Rescheduler is most heavily used; the 

Definer, the Reviewer, the Reviser, and the Evaluator were used once or twice; the 

Linker was never used. Randomness characterizes when those other specialists come in 

and how often they come in.  

 

The other trait is interruptability, meaning individuals do not always follow a flow of 

thought consistently; individuals’ thoughts may be interrupted and there may be delayed 

decisions. In segment 3 of the above example, the subject considered circumstances 

related to dinner plans. In segment 4, the subject however did not follow segment 3; 

rather, her thoughts were interrupted by the Evaluator that prompted that the movie may 

be seen at 9:00 P.M. as well. The decision related to dinner plans was then delayed; the 

subject briefly mentioned dinner plans in segment 7 and it was in segment 11 that the 

subject made a dinner plan following the previous thought from segment 3. It can be seen 

the proposed model structure, non-procedural type model, well captures these two 

psychological traits. It would be difficult for a procedural type model to capture these 

psychological traits.  
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6.4.3. The Active Choice Set Theory 

 

The active choice set theory is proposed to help understand how individuals decide which 

activity to reschedule next during rescheduling processes. The active choice set is based 

on the assumption that at any time t during rescheduling, subjects’ attention is limited to 

only a few activities and the choice on which activity to be rescheduled next is made 

considering these limited activities. This assumption is in fact quite reasonable as it has 

been observed that in rescheduling subjects mostly only go one or two activities either 

forward or backward. The active choice set is defined as follows: 

 

• at any time t, an individual’s attention is directed to a limited number of activities and 

these activities form a choice set, called the active choice set, 

• every activity in the active choice set is associated with a unique activation level, 

which is determined by how recently the activity was accessed,  

• the more recently the activity was accessed, the higher is its activation level, 

• activities with higher activation levels are more likely to be chosen by the individual 

as the next activity for rescheduling than activities with lower activation levels, and 

• the size and contents of the active choice set change from individual to individual and 

over time t. 

 

A key in understanding active choice set theory is to understand what the active cho ice 

set at time t contains, at what activation levels the elements of the active choice set are, 
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and how the elements in the choice set change from time t to time (t+1). As subjects 

themselves did not consciously keep track of an active choice set, verbal reports offer no 

clues to these questions. Therefore, assumptions must be made regarding the three 

questions. According to the active choice set theory, an active choice set consists of 

activities that subjects recently accessed. The active choice set thus  contains an activity 

that subjects are currently accessing. Because the subsequent activities are the ones from 

which subjects will choose to reschedule, it is assumed that the active choice set also 

contains m subsequent activities (in the example shown below, m = 2). As subjects 

sometimes go back to a previously rescheduled activity and revise it, it is also necessary 

to include preceding activities in the active choice set. Therefore, it is assumed that the 

active choice set also contains n preceding activities (in the example below, n = 2).  

 

The active choice set theory indicates that the activation level of an activity in the choice 

set is determined by how recently the activity was accessed. In other words, the more 

recently an activity was accessed, the higher its activation level is. Therefore, the activity 

that the subject is currently accessing has the highest activation level. As the chance for 

the subject to go forward is greater than to go backward (based on results on the scope of 

search presented in Section 5.4.4.), the activation levels associated with the m subsequent 

activities are assumed to be higher than those associated with the n preceding activities. 

In addition, as activities closer to the current activity are more likely to be accessed than 

those farther away (also based on results from the scope of search), we assume that, for 

both the m subsequent and the n preceding activities, the closer an activity is to the 

current activity, the higher its activation level is. The active choice set may also contain 
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any new activity that just comes to the subject’s mind. When that happens, the new 

activity becomes the next with the highest activation level after the current activity.  

 

Given that no new activity comes across the subject’s mind, we assume that, when 

moving from time t to (t+1), the next activity on the original schedule becomes the 

activity with the highest activation level. Following the previous logic, the active choice 

set, at time (t+1), also contains m subsequent activities and n preceding activities.  

 

Suppose at time t, the subject’s current activity is the k-th activity. Also at time t, a later 

activity on the original list, the (k+x)-th activity, jumps into the subject’s mind. 

Consequently, this (k+x)-th activity becomes the next activity with the highest activation 

level after the current activity. The subject decides to reschedule the (k+x)-th activity. 

Thus, when moving from time t to time (t+1), the (k+x)-th activity becomes the current 

activity. At this time, the active choice set contains the m subsequent activities and the n 

preceding activities from the k-th activity. 

 

Numerical values that are assigned to activities in the active choice set as their activation 

levels are ordered. The actual values are meaningless as long as they are ordered. This is 

like the random utility values in the random utility model.  

 

The theory of active choice set was applied to a sample of verbal protocol data from the 

experiment of this study. In this example, it is assumed that both m (for subsequent 

activities) and n (for preceding activities) are equal to 2. In the scenario, the subject was 
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told that she had just finished having brunch with her friends at the Downtown Plaza and 

the current time was 2:30 P.M. Interpretations using the active choice set theory are in 

italics. In the example below, numbers in the parentheses next to activities are their 

activation levels. The higher the number is, the higher the activation level is. For clarity, 

activities that are just rescheduled are given zero values as their activation levels while 

activities before them are given negative values as their activation levels.  

 

Example 2:  

1. Ok, so it is 2:30 PM, and I am supposed to pick up an airline ticket in Downtown Plaza. So, I 

am assuming that I am already in Sacramento.  

 

ACS: airline ticket (3), Arden Fair Mall (2), UCD show (1).  

 

2. So, I walk down to Downtown Plaza, my friend and I, just for a few minutes, should not take 

very long. I would say, starts at 2:30 PM, by the time I get my ticket and walk back to my car, is 3 

PM.  

 

The airline ticket was chosen to be the next activity to work on. 

 

After getting the ticket, the ACS is as follows: 

ACS: Arden Fair Mall (3), UCD show (2), bike lock (1), airline ticket (0). 

 

3. Then, I would go to the Arden Fair Mall to buy flowers and possibly clothes. Since I need to see 

a show in Davis at 4 PM, I would go down here and buy the bike lock. And I would buy the bike 

lock at the same time I would go to the mall to buy flowers, and possibly not even look for 

clothes. Buy the bike lock at the same place as the flowers, because since there is a variety of 

stores, and I am sure that I can find one. So, that would take about, let us see, Downtown Plaza, it 
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would take probably 10 minutes to get down to the Arden Fair, I would not buy clothes, I would 

not have time, so I would get the bike lock and flowers. And then I would travel to Davis, I would 

say, about 20 minutes to be able to buy the bike lock and the flowers, so that would be 3:30 PM.  

 

The Arden Fair Mall was chosen to be the next activity to work on. Here, the subject 

thought it logical to do bike shopping along with other shopping activities. 

 

After going to the Arden Fair Mall, the ACS is as follows: 

ACS: UCD show (3), Arden Fair Mall (0), bike lock (0), dinner (2), airline ticket (-1), 

movie (1). 

 

4. And then I have to drive back in order to go to the theatre. I would probably be a few minutes 

late, considering by the time I get down there and park the vehicle. I probably would not get into 

until 10 minutes after, so I would be late then. Let us see, the dinner is at Café Bernardo, and that 

would be after the show. The show probably lasts for an hour, and that is probably 5:10 PM by the 

time I gave my friend flowers, I would say by 5:30 PM, we would get out of the show. 

 

UCD show was chosen as the next activity to work on. 

 

After going to the show, the ACS is as follows: 

ACS: dinner (3), UCD show (0), movie (2), Arden Fair Mall (-1), bike (-1), Blockbuster 

video (1). 

 

5. And then go to Café Bernardo on 3rd and F. Again, park the car, dinner is .. I want to be, make 

sure that I go to the movie at 7:15 PM, so, I would take a leisurely dinner, I would say probably 

take an hour and half to be with friends, and relaxing conversation. 

  

Dinner was chosen as the next activity to work on. 



 189 

 

After having dinner, the ACS is as follows: 

ACS: movie (3), dinner (0), Blockbuster video (2), UCD show (-1), go home (1). 

 

6. So, at 6:30 PM, I would go ahead, instead of getting the Blockbuster video after the show, I 

would go ahead and go to the Blockbuster, which is very close to the theatre, so I would buy the 

video first, probably take another 10 minutes, so let us say 6:40 PM, I can go ahead and go look at 

the video, stay in line. 

 

Blockbuster video was chosen as the next activity to work on because video store would 

be closed after the movie. 

 

After getting the video, the ACS is as follows: 

ACS: movie (3), go home (2), Blockbuster video (0), dinner (-1). 

 

7. And then go back to my car and park it so that I can go to the movie and buy ticket. .. and I 

watch the movie for a couple of hours, probably for an hour and 45 minutes for the show. 

 

Movie was chosen as the next activity to work on.  

 

After watching the movie, the ACS is as follows: 

ACS: go home (3), movie (0), Blockbuster video (-1). 

 

8. And after that, I would drive my car home to Woodland, so that would be another 30 minutes, 

so I should be home after the theatre, after the show. 

 

Going home was chosen as the next activity to work on and rescheduling ends here. 
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In segment 1, the subject noticed that the next activity to do was to pick up an airline 

ticket in Downtown Plaza. Thus, the airline ticket has the highest activation level in the 

choice set. The active choice set also contained the Arden Fair Mall and the UCD show 

as they were the next two activities on the list. As there were no preceding activities at 

the time, the active choice set did not contain any preceding activities at time t.  

 

In segment 2, the subject decided to choose the airline ticket as the next activity to 

reschedule. This is consistent with the active choice set theory stating that, given that all 

constraints and/or preferences are met, the activity with the highest activation level is 

always chosen as the next activity to reschedule. Then at time (t+1), based on our 

assumptions, the next activity on the list, the Arden Fair Mall, became the activity with 

the highest activation level. In segment 3, the subject chose the Arden Fair Mall as the 

next activity to reschedule. Here, the Linker provided information that bike lock may be 

linked together with shopping activities at the Arden Fair Mall. Then, at time (t+2), the 

active choice set contained six activities: UCD show with the highest activation level, 

Arden Fair Mall and bike lock with the same activation level, dinner, airline ticket and 

the movie.  

 

Following this in segment 4, the UCD show was selected as the next activity to 

reschedule. The active choice set then contained the dinner with the highest activation 

level, the UCD show, the movie, and the Blockbuster video followed by the Arden Fair 

Mall and the bike with the same activation level. Then in segment 5, the subject selected 
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the dinner as the next activity to reschedule. The active choice set then contained the 

movie with the highest activation level, the dinner, the Blockbuster video, the UCD 

show, and going home.  

 

In segment 6, the subject did not choose the movie as the next activity because if she did, 

she would not have time to visit the Blockbuster store after the movie. The subject 

selected the Blockbuster video as the next activity to reschedule. The active choice set 

after that then contained the movie with the highest activation level, going home, the 

Blockbuster video and the dinner. In segment 7, the movie was selected as the next 

activity to choose, leaving the active choice set to contain going home, the movie and the 

Blockbuster video. Last, in segment 8, going home was chosen as the next activity to 

reschedule. 

 

In the above example, it has been shown that the theory of active choice set has 

consistently explained how the subject moved from one activity to another. It was also 

shown that activities with higher activation levels would not always be accepted for 

rescheduling. This is because constraints or preferences may not be satisfied. The 

constraints that individuals checked are the ones that most of us encounter in daily life, 

such as store opening hours. Subjects may also prefer a certain sequence of activities. For 

example, subjects might prefer to return home right after grocery shopping to avoid 

having the food just purchased spoiled. In the above example, the subject noticed the 

constraint that the Blockbuster video needs to be visited before 9:00 P.M., meaning that 

the video needs to be obtained before going to the movie. Therefore, in segment 6, the 
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subject decided to select the Blockbuster video, the activity not having the highest 

activation level, as the next activity to reschedule.  

 

Example 2 above represents a rather straightforward rescheduling process in the sense 

that the subject mostly executed the Rescheduler and consequently the change in the 

contents of the active choice set is rather straightforward. In other cases (e.g., example 1), 

subjects may have a more complicated rescheduling process with the Rescheduler and 

other specialists interacting more often. Here, the earlier example 1 will be used to 

illustrate how the theory of active choice set works with more interaction between the 

Rescheduler and other specialists. 

 

Example 1: 

1. OK, I am going to dinner. Ok, so the show has lasted until 7:00 pm instead of until 5:00 pm. 

Supposed to get a bike lock and then have dinner, and then see movie at 7:00 pm. It is already 

7:00 pm. And check out a movie before 9:00 pm.  

 

The subject reviewed activities to do as well as their associated constraints; the Definer 

and the Reviewer were executed. Following this, the subject moved back to the beginning 

of the list and the ACS contains: the bike lock (4), the dinner (3), the movie (2), video (1). 

 

2. Ok, well, I will forget about buying the bike lock for one thing.  

 

The subject then selected the bike lock as the next activity to reschedule and the subjected 

decided to delete the bike lock activity. 

 

After rescheduling bike lock, the ACS is as follows: 
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ACS: dinner(4), movie(3), video (2), bike lock (0). 

 

3. If I am meeting somebody for dinner at Café Bernardo, I have to… I assume that I will be 

meeting somebody, so that I will go ahead and do that and I think, except that the person would 

not probably be there, but.  Well, I will get in touch with whoever I was supposed to have dinner 

with. If I was not planning to have dinner with anybody, if I had just planned to go there and then 

to go to the movie, I would still be able to go to the movie. It really depends whether I am doing 

these things with other people or not. Well, what I really have to do would be… 

 

The subject chose the dinner as the next activity to reschedule.  

 

4. I see, there is a movie at 9:15 pm too.  

 

Before the subject made a decision on the dinner activity (before the transaction step 

selector was executed), the Evaluator was initiated to note that the subject may see the 

movie at 9:15 P.M. too. The Evaluator writes this information on the blackboard. The 

Evaluator noted that with the movie at 9:15 P.M., the subject may purchase the bike lock 

on time.  

 

ACS contains: the bike lock (3), dinner (2), movie (1).  

 

5. So I could buy the bike lock,  

 

Following this, the Reviser determines that the bike lock activity shall be revised. The 

subject then decided to choose the bike lock as the next activity to reschedule; she 

decided to buy the bike lock since there is time.  

 

After getting the bike lock, the ACS is as follows: 
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ACS: dinner(4), movie(3), video (2), bike lock (0). 

 

6. go and get the movie from Blockbuster,  

 

The subject did not choose the dinner as the next activity to reschedule because of the 

constraint that the video must be obtained before 9:00 P.M. She decided to get the video 

first. 

 

After getting the video, the ACS is as follows: 

ACS: dinner(5), movie (4), home (3), video (0), bike lock ( -1). 

 

7. have dinner at café Bernardo, 

 

The subject chose dinner as the next activity to reschedule; she decided to do the dinner.  

 

After having dinner, the ACS is as follows: 

ACS: movie (4), home (3), dinner (0), video ( -1). 

 

8. and go to the 9:15 pm movie  

 

Movie was chosen as the next activity.  

 

After watching the movie, the ACS is as follows: 

ACS: home (3), movie (0), dinner (-1). 

 

9. and then go home. 

 

Last, subject chose to go home. 



 195 

 

10. That is what I think I would do. Well, I think that I will forget the bike lock because the store 

will be closed anyway. So, I will postpone that activity. Does this mean that I was supposed to do 

it by myself, or I can add somebody.  

 

Here, although the subject has completed rescheduling, the information stored in the 

Knowledge Base about store hours initiated the Reviser to determine that bike lock 

activity may need to be revised. The information registered with the Rescheduler, which 

decides to reschedule the bike lock and cancel it. 

 

After canceling the bike lock, the ACS is as follows: 

ACS: dinner (4), movie (3), video (2), bike lock (0). 

 

11. Well, if I had this plan to have dinner and go to movie with somebody else, so, I think we are 

going to decide which we are going to do first. Talk with my friend to see about a dinner versus a 

movie we will do, either postpone the movie or forget it.  

 

Dinner was selected as the next activity to reschedule and perform. 

 

After having dinner, the ACS is as follows: 

ACS: movie (5), video (4), home (3), dinner (0), bike lock (-1). 

 

12. Go to the Blockbuster and do this before 9:00 P.M.  

 

Instead of choosing movie, the subject chose video as the next activity to reschedule and 

perform due to the constraint that the video must be obtained before 9:00 P.M. 

After getting the video, the ACS is as follows: 

ACS: movie (4), home (3), video (0), dinner (-1). 
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13. And then, maybe consider going to the 9:15 P.M. movie.  

 

The subject then chose to go to movie. 

After going to the movie, the ACS is as follows: 

ACS: home (3), movie (0), video (-1). 

 

14. And then go home either after 9:00 P.M. or after 11:30 P.M.  

 

Last, the subject decided to go home. 

 

In the above example, the Reviser prompted opportunities to revise previously 

rescheduled activities and altered the Rescheduler’s original train of thought; the 

Rescheduler went back and revised the bike lock activity twice. In segment 5, after the 

Definer3 noted that the movie can also be seen at 9:15 P.M., which will leave enough 

time to purchase a bike lock, the Reviser determined that the bike lock activity 

(previously deleted due to lack of time) can be put back. This move changed the contents 

of the active choice set from {dinner(4), movie(3), video (2), and bike (0)} to {bike lock 

(3), dinner (2), and movie (1)}. In segment 10, the information stored in the Knowledge 

Base about store hours initiated the Reviser to determine that bike lock activity may need 

to be revised. This prompted the Rescheduler to revise the bike lock activity again. After 

that, the active choice set contained {dinner (4), movie (3), video (2), bike lock (0)}. In 

two cases (segment 6 and segment 12), the subject did not choose the activity with the 

highest activation level to reschedule. Instead, she chose the lower-activation- level 

                                                 
3 Here, it is not the Knowledge Base because the information is related to the original scenario. 
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activity, the Blockbuster video, to reschedule due to the constraint that the Blockbuster 

video must be obtained before 9:00 P.M.  

 

6.5. Limitations  

 

In this chapter, a new cognitive structure of activity rescheduling processes is proposed. 

Individuals’ activity rescheduling processes have been found to possess two common 

traits: randomness and interruptability. Randomness refers to the trait that activation of 

specialists during activity rescheduling is random; interruptability refers to the 

characteristic that individuals may not always follow a certain sequence of logic in 

decision making; their train of thought may be easily interrupted by new information. The 

proposed structure contains several independent and mutually communicable specialists 

and such a structure is designed to capture both randomness and interruptability. 

 

The focus of the cognitive structure is about how the proposed model structure can 

capture the randomness and the interruptability revealed in activity rescheduling 

processes. The theory of the active choice set is then proposed to describe how 

individuals move from one activity to another, or, how individuals determine which 

activity to reschedule next. It does not elaborate on the actual rescheduling choices 

(choices handled by the transaction step selector).  

 

The proposed structure is far from complete. Much still remains unknown about activity 

rescheduling processes. For example, though it discusses certain regularities involved in 
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activation of specialists, it does not fully specify rules that can be used to determine 

whether specialists should be activated or not. Neither does the model fully explain the 

interruptability. In some cases, the interruption is not strong enough to alter individuals’ 

train of thought while in other cases, the interruption is strong enough to do so. 

Therefore, at what level the interruption can be activated remains to be investigated. 

 

It has been shown that the theory of the active choice set has consistently described 

subjects’ rescheduling processes in the experiment. The main objective in applying this 

theory is to determine what activities enter the active choice set at time t and how the 

contents of the choice set change between time t and (t+1). For the experimental data of 

this study, we assume that the activities on the original schedule that the subject has 

recently accessed plus any new activities that come to the subject’s mind at moment t, 

form the active choice set at the time. Unlike the experiment of this study, individuals in 

the real world do not have a sequence of activities printed for them to reschedule. 

Individuals must search in their minds for activities they had planned earlier to do next 

and reschedule them. Therefore, composition of the active choice set at moment t may be 

different from what is assumed for rescheduling in the experiment.  

 

A second limitation of the proposed experiment is that people may not be realistic in the 

rescheduling experiment; in other words, in the experiment, subjects may not realize 

some constraints or preferences that they would realize in the real world. For example, 

there are mode constraints; changing from one mode to another must be done at certain 

places, for example, home. There are also sequence preferences; subjects may prefer 
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activities pursued in a particular sequence (e.g., going home after grocery shopping). 

Subjects could also have been assuming unrealistic time and space separation between 

two locations. There are a number of reasons why experiments may not yield realistic 

results. It can be caused simply by the fact of being placed in an experimental setting. Or, 

subjects may be consciously aware of real-world constraints and preferences, but 

forgoing them in an experiment as it would make their experimental tasks easier. This 

would especially be the case when there are no real consequences of making errors in an 

experiment, just as in the experiments of this study. Despite these limitations, it is 

believed that this study has revealed a number of important characteristics in 

rescheduling behavior in experimental settings. Validating and generalizing these 

findings, and further examining the empirical validity of the active choice set theory, 

remain as further tasks. 
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CHAPTER 7 

SUMMARY AND DISCUSSION 

 

7.1. A Summary of Findings 

 

This dissertation contributes to the state of the art in travel behavior analysis by 

investigating individuals’ scheduling and rescheduling processes and by proposing a 

theory of activity rescheduling. In this section, findings in activity scheduling and 

rescheduling will be summarized. For activity scheduling, it has been found that activity 

schedules are often incomplete. In other words, individuals do not first construct 

complete activity schedules and then execute them. Instead, individuals schedule a 

selected number of activities and then go ahead and execute them. In execution processes, 

individuals may engage in more activities. In short, scheduling and execution processes 

are intertwined with each other. It was also shown that, whether routine or non-routine, 

activities with relatively fixed starting times and durations are more likely to be 

scheduled than other activities.  

 

In comparing attributes (starting time, duration, and location) between scheduled and 

executed activities, it has been shown that significant deviations exist between scheduled 

activities and executed activities. This is consistent with the notion that scheduled 

activities cannot always be executed exactly as they were scheduled. The need for 

rescheduling in implementing scheduled activities often arises because unexpected events 

occur or new information emerges and individuals want to identify better solutions.  
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It was also found that a majority of scheduled activities are executed. For scheduled 

activities that are executed, deviations in activity duration between scheduling and 

execution are much larger than those in starting time and location. Two explanations may 

be offered. Individuals might be able to schedule starting times and location more 

precisely than duration. Or, in execution, individuals respond to unexpected events by 

first adjusting the ending times of scheduled activities.  

 

For activity rescheduling, the investigation has probed into characteristics of decisions 

related to a single activity and those of decisions related to a sequence of activities. For 

the former type of decisions, the investigation has focused on how deviant the 

rescheduling process is from an ideal decision making process. More specifically, it has 

examined whether individuals review activities to be pursued before rescheduling 

operations; whether individuals evaluate more than one alternative before rescheduling 

operations; and whether individuals revise previously rescheduled activities. For the latter 

type of decisions, the investigation has focused on the order of rescheduling processes 

and how efficient individuals are in arriving at their revised schedules. The results have 

indicated that individuals’ rescheduling process is far different from an ideal decision 

making process; it is actually a rather simple and straightforward process. Individuals 

rarely review activities to be pursued before rescheduling operations; rarely evaluate 

more than one alternative before rescheduling operations; rarely go back and revise 

previously rescheduled activities. The rescheduling process is multi-directional, but 
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mostly forward moving; and individuals are quite efficient in arriving at their final 

revised schedules. 

 

To help explain how a revised plan is formed, a theory of activity rescheduling is 

proposed in this dissertation. As mentioned earlier, activity rescheduling processes 

involve decisions related to a single activity and decisions related to a sequence of 

activities. The proposed theory explains the latter types of decisions: how individuals 

decide which activity is to be rescheduled next. The model structure, adapted directly 

from the Hayes-Roth and Hayes-Roth model, consists of a number of independent but 

mutually communicable cognitive specialists. Such a structure allows the demonstration 

of randomness and interruptability that are exhibited by individuals’ activity rescheduling 

processes. A centerpiece of the theory is the theory of active choice sets, which is drawn 

significantly from advances in the theory of human memory. The theory of active choice 

sets assumes that at any time, individuals’ attention is confined to only a limited number 

of activities, each associated with an activation level. The more recently an activity is 

accessed, the higher an activation level it will have. Ceteris paribus, the higher the 

activation level an activity has, the more likely the activity will be chosen as the next 

activity to reschedule.  
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7.2. Implications for Activity Scheduling 

 

 

In definition, complete scheduling refers to making up a list of activities to do and 

determining the starting time, duration and location of each activity. In reality, however, 

only partial scheduling takes place. For example, when scheduling, people may not 

include detailed attributes of activities (e.g., time of day, duration or location). Or some 

activities may not be included. Scheduling may be done on paper, computers, electronic 

organizers or simply in the mind.  

 

Unlike activity rescheduling, a few studies have been performed prior to this dissertation 

to investigate activity scheduling processes. Hayes-Roth and Hayes-Roth (1979) analyzed 

subjects’ verbal protocol data on errand planning. They found subjects’ errand planning 

process to be both multi-directional and opportunistic. Ettema et al. (1995) analyzed 

activity scheduling data obtained from subjects while scheduling in computerized 

experiments. Contrary to Hayes-Roth and Hayes-Roth’s findings, they found subjects’ 

activity scheduling process to be rather simple and mostly forward moving. It was also 

found that once activities are scheduled, subjects rarely revised them.  

 

It is believed that the differences in contexts contribute to the differences in findings by 

Hayes-Roth and Hayes-Roth and those by Ettema et al. In Hayes-Roth and Hayes-Roth’s 

experiments, subjects were placed in an unfamiliar hypothetical town while in Ettema et 

al.’s experiments, subjects were placed in their own familiar environments. In the former 
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setting, subjects have not formed the ir own daily activity patterns yet and must search for 

a comfortable pattern. In the latter setting, subjects have already formed their own daily 

patterns and consequently building an activity schedule based on existing patterns 

becomes much easier than when they are in the former setting.  

 

The differences in findings from the above two studies suggest that activity scheduling 

processes are probably different in unfamiliar and familiar contexts. In unfamiliar settings, 

we expect to see a much more complex decision making process than in familiar settings. 

In unfamiliar settings, individuals may review activities to be pursued; assign priority 

levels to each activity; evaluate more than one alternative; and revise previously 

scheduled activities. As found in Hayes-Roth and Hayes-Roth’s study, the scheduling 

process is expected to be multi-directional and opportunistic. Findings from this 

dissertation on activity rescheduling seem to be more relevant to activity scheduling in 

familiar contexts. In familiar settings1 where individuals have already formed their daily 

routine activities, individuals probably rarely review activities to be pursued; rarely 

assign priority levels; rarely evaluate more than one alternative; and rarely go back and 

revise previously scheduled activities. The scheduling process is expected to be multi-

directional but mostly forward moving. As in rescheduling, individuals are expected to be 

quite efficient in arriving at their final schedules under familiar contexts. 

 

A fair amount of activity scheduling is expected to be in familiar contexts. In such 

contexts, activities that people deal with are mostly routine (Gärling, 1992); the 

                                                 
1 Although subjects in this study are presented with a hypothetical scenario, they are familiar with the 
geographical setting. 
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scheduling process, though analytically complicated, is completed by using cognitively 

simple ways, as suggested by this dissertation. This may suggest that many of the 

modeling assumptions made by the current literature may not be correct and more 

research is called for in this area. 
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A key element in duration analysis is the specification of the hazard rate, “a rate at which 

spells are completed after duration t, given that they last at least until t” (Greene, 1993). 

Suppose the random variable T, the duration of the spell, has a continuous probability 

distribution f(t), where t is the realization of T. Its cumulative probability distribution can 

be expressed as follows: 

∫ ≤==
t
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The probability that spells last at least t is given by the following function: 
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Then, the hazard rate function can be expressed as follows: 
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The hazard rate function λ(t) can take many forms, depending on the type of distribution 

assumed for f(t). Commonly assumed distributions include exponential, Weibull, and log-

logistic. For the exponential distribution, the hazard rate is given as λ(t) = γ, where γ is a 

constant. In other words, the hazard function is memoryless; the rate at which the spell is 

completed does not depend on the duration so far of the spell. For the Weibull 

distribution, 1)( −= ααγλ tt , where γ > 0 and α > 0. Depending on the values of γ and α, 
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the hazard rate function can be either monotonically increasing or decreasing, with the 

exponential distribution resulting as a special case when α = 1. For the log-logistic 

distribution, )1/()( 1 γαγλ αα ttt += − , where γ > 0 and α > 0. For α > 1, the hazard 

function first increases with t and then decreases. For 0 < α < 1, the hazard function first 

decreases with duration and then increases. For α = 1, the  hazard function monotonically 

decreases with t. 

 

The estimation of the hazard rate function can be done either parametrically or non-

parametrically. In the parametric method, the duration density function is assumed to be 

f(t,θ), where t is the duration and θ  refers to parameters to be estimated. The log-

likelihood function may be expressed as ∏
=

=
n

i
itfL

1

),( θ  for a sample of n completed 

spells. Given an assumed functional form of λ, consistent parameters can be estimated 

via the maximum likelihood procedure.  

 

Sometimes, not only the duration t, but also other explanatory variables, affect the hazard 

function. For example, the hazard rate may be affected by the socio-economic 

characteristics of the individual. Kiefer (1988) summarized a number of specifications in 

which explanatory variables can be included. The simplest one is the proportional hazard 

model, which is expressed as follows: 
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)(0 tλ  is the baseline hazard function, corresponding to .1)( =⋅Φ  

 

Commonly, ),( βxΦ is specified as ).'exp( βx With the proportional hazard model 

specification, the effect of explanatory variables is to multiply the baseline hazard 

function by a factor. In other words, the effect of an explanatory variable on duration is 

constant. 

 

Another model specification in which explanatory variables can be included is called the 

accelerated lifetime model, which is specified as follows: 

 

),()],([),,( 0 ββλβλ xxtxt ΦΦ= , 

where 

dtSd /ln)( 00 −=⋅λ , 

)],([),,( 0 ββ xtSxtS Φ= , and 

S0 is the baseline survival function. 

 

The accelerated lifetime model essentially rescales the time axis by )(⋅Φ . Kiefer (1988) 

commented that proportional hazard model specifications allow fairly general 

transformations of the duration variable but restrict the error distribution to only the type 

I extreme value distribution, whereas the accelerated lifetime hazard model specifications 

allow fairly general specifications of the error distribution but restrict the transformation 

of the duration variable. 
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Neither proportional hazard model specifications nor accelerated model specifications 

allow for interaction between the explanatory variable s and the duration t, which 

sometimes may be too restrictive. Within our context, one may hypothesize, for example, 

that the effect of age on duration of travel time may become stronger with the length of 

the spell. To remedy this problem, the model specification for the hazard rate function 

may be expressed as follows (Kiefer, 1988): 

 

)],,(exp[),,( ββλ xtgxt = . 

 

The above specification allows an explanatory variable to have a different effect on 

duration at one point in time than at another. 

 

Competing risk models have been developed to deal with spells with more than one exit. 

The hazard rate function is expressed as follows (Ettema et al., 1995): 
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where 

λk(t) is the rate at which the spells will end at the k-th exit, and 

Dk is the dummy variable indicating whether exit k is chosen or not. 

 

The proportional hazard and accelerated lifetime versions of competing risk models can 

be expressed as follows: 
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)(),(),,( 0 txxt kkkkk λββλ Φ=  for the proportional hazard model, and 

),()],([),,( 0 kkkkkkkk xxtxt ββλβλ ΦΦ= for the accelerated lifetime model. 

 

In estimation, either a non-parametric or a parametric distribution for the k-th specific 

baseline hazard rate function may be specified. 
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Structural equations systems (SES) are used to handle a set of equations where the right 

hand sides involve endogenous variables. The system may be expressed as follows: 

 

?Gx? yy ++= ,  

where 

y is a m × 1 column vector of endogenous variables and x is an n × 1 column 

vector of exogenous variables, 

B is an m × m matrix of parameters representing direct causal links between 

endogenous variables, 

Γ  is an m × n matrix of parameters representing direct causal links of exogenous 

variables to endogenous variables, and 

ζ is an m × 1 vector of random disturbances, E[ζ] = 0 and E[ζζ’] = Σ  ≠  0. 

 

In SES, an endogenous variable is not only directly influenced by the right-hand variables 

(both endogenous and exogenous) in its own equation, but also indirectly influenced by 

variables in other equations (through the influence of those variables on the endogenous 

variables of those equations). The presence of endogenous variables on the right hand 

side means that the endogenous variables are correlated with the disturbance terms, in 

violation of the assumption of Ordinary Least Squares (OLS). Using OLS to estimate a 

SES will result in inconsistent estimates. Thus, SESs are estimated using the 3-Stage 

Least Squares (3SLS) method or Full Information Maximum Likelihood (FIML) method. 
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For any endogenous variable, the direct causal effects through the endogenous and 

exogenous variables on the right hand side of its own equation are called direct effects. 

Therefore, from the equation above, the direct effects of exogenous variables constitute 

the elements of Γ  and the direct effects of endogenous variables are found in the matrix 

B. The effects of variables mediated by other equations in the system are called indirect 

effects. Mueller (1996) demonstrated that the matrix of indirect effects of endogenous 

variables on endogenous variables is the sum of an indefinite matrix series: 

 

.⋅⋅⋅+++= 432 BBByyIE  

 

Similarly, the matrix of indirect effects of exogenous variables x on endogenous variable 

y can be expressed as follows: 

 

GGGGG )BBB(BBBBB 432432 ⋅⋅⋅++++=⋅⋅⋅++++=yxIE  

 

Mueller (1996, p.142) also noted that “for any recursive structural equation models 

involving NE latent endogenous variables, the matrix BNE (and all subsequent powers of 

B) always will be equal to the 0 matrix, guaranteeing that the series in [the above two 

equations] converges.” The sum of direct and indirect effects on an endogenous variable 

is called the total effect (Bollen, 1989). As a summary, these direct and indirect effects 

correspond to entries in the following table. 
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Table B.1: Direct, Indirect and Total Effects of General SES Models 
(Mueller, 1996, p. 144) 

 
Effect Component Exogenous  →  Endogenous  Endogenous →  Endogenous  
Direct (DE) Γ  B 
Indirect (IE) (I – B)-1Γ  - Γ  (I – B)-1 – I – B 
Total (TE) (I – B)-1Γ  (I – B)-1 – I 
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RESCHEDULING SIMULATIONS 
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SIMULATION ON RESCHEDULING 1 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 9:30 a.m. You are at the Post Office. You just finished mailing a 
package to your friend (activity 1 above). Now you have less time than what you had 
originally planned to do 2 and 3 listed above and then go to meet your friend for lunch. 
What would you do now? Note that traveling from one place to the other takes time. 
Please plan for the rest of the day and revise the original schedule in the following 
Revised Schedule Table, which contains the rest of your schedule for today. When 
revising, you may cross original activities out, write new things in, re-sequence them by 
putting arrows etc. When you are finished, please index revised activities in the order 
that you would like to perform them.  
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (1) 
 

IT IS NOW 9:30 A.M. 
Activity Type With Whom Activity Location Travel Means 

Take the car to GoodYear Garage Self On 5 th Street, a few blocks from post 
office 

Car 

Go grocery shopping Self Stockton & Fruitridge, Sacramento Car 

Meet friends for brunch at 11:00 a.m. Friend Downtown plaza, Sacramento Car 

Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 2 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 10:20 a.m. You are at the Post Office. You just finished mailing a 
package to your friend (activity 1 above). Now you have less time than what you had 
originally planned to do 2 and 3 listed above and then go to meet your friend for lunch. 
What would you do now? Note that traveling from one place to the other takes time. 
Please plan for the rest of the day and revise the original schedule in the following 
Revised Schedule Table, which contains the rest of your schedule for today. When 
revising, you may cross original activities out, write new things in, re-sequence them by 
putting arrows etc. When you are finished, please index revised activities in the order 
that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (2) 
 

IT IS NOW 10:20 A.M. 
Activity Type With Whom Activity Location Travel Means 

Take the car to GoodYear Garage Self On 5 th Street, a few blocks from post 
office 

Car 

Go grocery shopping Self Stockton & Fruitridge, Sacramento Car 

Meet friends for brunch at 11:00 a.m. Friend Downtown plaza, Sacramento Car 

Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 3 

 
KEEP TALKING! 

 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 10:45 a.m. You are at the Post Office. You just finished mailing a 
package to your friend (activity 1 above). Now you have less time than what you had 
originally planned to do 2 and 3 listed above and then go to meet your friend for lunch. 
What would you do now? Note that traveling from one place to the other takes time. 
Please plan for the rest of the day and revise the original schedule in the following 
Revised Schedule Table, which contains the rest of your schedule for today. When 
revising, you may cross original activities out, write new things in, re-sequence them by 
putting arrows etc. When you are finished, please index revised activities in the order 
that you would like to perform them.  
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (3) 
 

IT IS NOW 10:45 A.M. 
Activity Type With Whom Activity Location Travel Means 

Take the car to GoodYear Garage Self On 5 th Street, a few blocks from post 
office 

Car 

Go grocery shopping Self Stockton & Fruitridge, Sacramento Car 

Meet friends for brunch at 11:00 a.m. Friend Downtown plaza, Sacramento Car 

Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 10 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 8:40 a.m. You are at the Post Office. You just finished mailing a 
package to your friend (activity 1 above). Now you have more time than what you had 
originally planned to do 2 and 3 listed above and then go to meet your friend for lunch. 
What would you do now? Note that traveling from one place to the other takes time. 
Please plan for the rest of the day and revise the original schedule in the following 
Revised Schedule Table, which contains the rest of your schedule for today. When 
revising, you may cross original activities out, write new things in, re-sequence them by 
putting arrows etc. When you are finished, please index revised activities in the order 
that you would like to perform them.  
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (10) 
 

IT IS NOW 8:40 A.M. 
Activity Type With Whom Activity Location Travel Means 

Take the car to GoodYear Garage Self On 5 th Street, a few blocks from post 
office 

Car 

Go grocery shopping Self Stockton & Fruitridge, Sacramento Car 

Meet friends for brunch at 11:00 a.m. Friend Downtown plaza, Sacramento Car 

Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 11 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 8:20 a.m. You are at the Post Office. You just finished mailing a 
package to your friend (activity 1 above). Now you have more time than what you had 
originally planned to do 2 and 3 listed above and then go to meet your friend for lunch. 
What would you do now? Note that traveling from one place to the other takes time. 
Please plan for the rest of the day and revise the original schedule in the following 
Revised Schedule Table, which contains the rest of your schedule for today. When 
revising, you may cross original activities out, write new things in, re-sequence them by 
putting arrows etc. When you are finished, please index revised activities in the order 
that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (11) 
 

IT IS NOW 8:20 A.M. 
Activity Type With Whom Activity Location Travel Means 

Take the car to GoodYear Garage Self On 5 th Street, a few blocks from post 
office 

Car 

Go grocery shopping Self Stockton & Fruitridge, Sacramento Car 

Meet friends for brunch at 11:00 a.m. Friend Downtown plaza, Sacramento Car 

Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 12 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 8:00 a.m. You are at the Post Office. You just finished mailing a 
package to your friend (activity 1 above). Now you have more time than what you had 
originally planned to do 2 and 3 listed above and then go to meet your friend for lunch. 
What would you do now? Note that traveling from one place to the other takes time. 
Please plan for the rest of the day and revise the original schedule in the following 
Revised Schedule Table, which contains the rest of your schedule for today. When 
revising, you may cross original activities out, write new things in, re-sequence them by 
putting arrows etc. When you are finished, please index revised activities in the order 
that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (12) 
 

IT IS NOW 8:00 A.M. 
Activity Type With Whom Activity Location Travel Means 

Take the car to GoodYear Garage Self On 5 th Street, a few blocks from post 
office 

Car 

Go grocery shopping Self Stockton & Fruitridge, Sacramento Car 

Meet friends for brunch at 11:00 a.m. Friend Downtown plaza, Sacramento Car 

Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check o ut a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 4 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 3:30 p.m. You are at the Downtown Plaza. You just finished lunch with 
your friend (activity 4 above). Now you have less time than what you had originally 
planned to do 5 and 6 listed above and then go to the show. What would you do now? 
Note that traveling from one place to the other takes time. Please plan for the rest of the 
day and revise the original schedule in the following Revised Schedule Table, which 
contains the rest of your schedule for today. When revising, you may cross original 
activities out, write new things in, re-sequence them by putting arrows etc. When you are 
finished, please index revised activities in the order that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind.  
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Revised Schedule Table (4) 
IT IS NOW 3:30 P.M. 

Activity Type With Whom Activity Location Travel Means 
Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 5 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 2:30 p.m. You are at the Downtown Plaza. You just finished lunch with 
your friend (activity 4 above). Now you have less time than what you had originally 
planned to do 5 and 6 listed above and then go to the show. What would you do now? 
Note that traveling from one place to the other takes time. Please plan for the rest of the 
day and revise the original schedule in the following Revised Schedule Table, which 
contains the rest of your schedule for today. When revising, you may cross original 
activities out, write new things in, re-sequence them by putting arrows etc. When you are 
finished, please index revised activities in the order that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (5) 
IT IS NOW 2:30 P.M. 

Activity Type With Whom Activity Location Travel Means 
Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 6 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 1:30 p.m. You are at the Downtown Plaza. You just finished lunch with 
your friend (activity 4 above). Now you have less time than what you had originally 
planned to do 5 and 6 listed above and then go to the show. What would you do now? 
Note that traveling from one place to the other takes time. Please plan for the rest of the 
day and revise the original schedule in the following Revised Schedule Table, which 
contains the rest of your schedule for today. When revising, you may cross original 
activities out, write new things in, re-sequence them by putting arrows etc. When you are 
finished, please index revised activities in the order that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (6) 
IT IS NOW 1:30 P.M. 

Activity Type With Whom Activity Location Travel Means 
Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 13 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 11:40 a.m. You are at the Downtown Plaza. You just finished lunch 
with your friend (activity 4 above). You seem to have more time than what you had 
planned to do 5 and 6 listed above and then go to the show. What would you do now? 
Note that traveling from one place to another takes time. Please plan for the rest of the 
day and revise the original schedule in the following Revised Schedule Table, which 
contains the rest of your schedule for today. When revising, you may cross original 
activities out, write new things in, re-sequence them by putting arrows etc. When you are 
finished, please index revised activities in the order that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind.  
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Revised Schedule Table (13) 
IT IS NOW 11:40 A.M. 

Activity Type With Whom Activity Location Travel Means 
Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 14 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 11:00 a.m. You are at the Downtown Plaza. You had finished lunch 
with your friend (activity 4 above). Now you seem to have more time than what you had 
originally planned to do 5 and 6 listed above and then go to the show. What would you 
do now? Note that traveling from one place to the other takes time. Please plan for the 
rest of the day and revise the original schedule in the following Revised Schedule Table, 
which contains the rest of your schedule for today. When revising, you may cross original 
activities out, write new things in, re-sequence them by putting arrows etc. When you are 
finished, please index revised activities in the order that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind.  



 

 

245 

 

Revised Schedule Table (14) 
IT IS NOW 11:00 A.M. 

Activity Type With Whom Activity Location Travel Means 
Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 15 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 12:30 p.m. You are at the Downtown Plaza. You had finished lunch 
with your friend (activity 4 above). Now you seem to have more time than what you had 
originally planned to do 5 and 6 listed above and then go to the show. What would you 
do now? Note that traveling from one place to the other takes time. Please plan for the 
rest of the day and revise the original schedule in the following Revised Schedule Table, 
which contains the rest of your schedule for today. When revising, you may cross original 
activities out, write new things in, re-sequence them by putting arrows etc. When you are 
finished, please index revised activities in the order that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind.  
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Revised Schedule Table (15) 
IT IS NOW 12:30 P.M. 

Activity Type With Whom Activity Location Travel Means 
Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 7 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 5:45 p.m. You are at the Main Theatre on UCD campus. You just 
finished watching the show (activity 7 above). Now you have less time than what you had 
originally planned to do 8 and 9 listed above and then go to a movie at 7:15. What would 
you do now? Note that traveling from one place to the other takes time. Please plan for 
the rest of the day and revise the original schedule in the following Revised Schedule 
Table, which contains the rest of your schedule for today. When revising, you may cross 
original activities out, write new things in, re-sequence them by putting arrows etc. When 
you are finished, please index revised activities in the order that you would like to 
perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (7) 
IT IS NOW 5:45 P.M. 

Activity Type With Whom Activity Location Travel Means 
Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 8 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 6:30 p.m. You are at the Main Theatre on UCD campus. You just 
finished watching the show (activity 7 above). Now you have less time than what you had 
originally planned to do 8 and 9 listed above and then go to a movie at 7:15. What would 
you do now? Note that traveling from one place to the other takes time. Please plan for 
the rest of the day and revise the original schedule in the following Revised Schedule 
Table, which contains the rest of your schedule for today. When revising, you may cross 
original activities out, write new things in, re-sequence them by putting arrows etc. When 
you are finished, please index revised activities in the order that you would like to 
perform them.  
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out . Please talk out anything that comes into your mind. 
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Revised Schedule Table (8) 
IT IS NOW 6:30 P.M. 

Activity Type With Whom Activity Location Travel Means 
Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 9 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 7:05 p.m. You are at the Main Theatre on UCD campus. You just 
finished watching the show (activity 7 above). Now you have less time than what you had 
originally planned to do 8 and 9 listed above and then go to a movie at 7:15. What would 
you do now? Note that traveling from one place to the other takes time. Please plan for 
the rest of the day and revise the original schedule in the following Revised Schedule 
Table, which contains the rest of your schedule for today. When revising, you may cross 
original activities out, write new things in, re-sequence them by putting arrows etc. When 
you are finished, please index revised activities in the order that you would like to 
perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (9) 
IT IS NOW 7:05 P.M. 

Activity Type With Whom Activity Location Travel Means 
Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 16 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 4:40 p.m. You are at the Main Theatre on UCD campus. You just 
finished watching the show (activity 7 above). Now you have more time than what you 
had originally planned to do 8 and 9 listed above and then go to a movie at 7:15. What 
would you do now? Note that traveling from one place to the other takes time. Please 
plan for the rest of the day and revise the original schedule in the following Revised 
Schedule Table, which contains the rest of your schedule for today. When revising, you 
may cross original activities out, write new things in, re-sequence them by putting arrows 
etc. When you are finished, please index revised activities in the order that you would like 
to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 



 

 

255 

 

Revised Schedule Table (16) 
IT IS NOW 4:40 P.M. 

Activity Type With Whom Activity Location Travel Means 
Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 17 
 

KEEP TALKING! 
 
Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 4:20 p.m. You are at the Main Theatre on UCD campus. You just 
finished watching the show (activity 7 above). Now you have more time than what you 
had originally planned to do 8 and 9 listed above and then go to a movie at 7:15. What 
would you do now? Note that traveling from one place to the other takes time. Please 
plan for the rest of the day and revise the original schedule in the following Revised 
Schedule Table, which contains the rest of your schedule for today. When revising, you 
may cross original activities out, write new things in, re-sequence them by putting arrows 
etc. When you are finished, please index revised activities in the order that you would like 
to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (17) 
IT IS NOW 4:20 P.M. 

Activity Type With Whom Activity Location Travel Means 
Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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SIMULATION ON RESCHEDULING 18 
 

KEEP TALKING! 
 

Suppose it is Saturday today. Suppose last night you had planned a list of activities to do 
for today. This list is presented as follows in the order of expected starting time. Please 
take time and examine the schedule carefully. 
 

1. Go to the post office at 5th and Pole Line Street in Davis and mail a package to a 
friend. You plan to leave post office around 9:00 am. 

2. Take your car to the GoodYear Garage on 5th Street (a few blocks from the Post 
Office) and have it oil-changed and checked for tire pressure. 

3. Go grocery shopping at Stockton Blvd. and Fruitridge Road, Sacramento. 
4. Meet friends for brunch at 11:00 a.m. at Downtown Plaza in Sacramento. Brunch 

is expected to last for about 2 hours.  
5. Pick up an airline ticket at an office located in Downtown Plaza in Sacramento. It 

may take some time depending on how long the waiting line is.  
6. Go to the Arden Fair mall to pick up a bunch of flowers and see if there are 

clothes that are of good value. 
7. Go to see a show at 4:00 p.m. at the main theatre on UCD campus. The show is 

performed by a friend of yours and you plan to give the flowers to your friend 
after the show. The show is expected to last for about 1 hour. 

8. Buy a bike lock at F and 3rd Street. 
9. Have dinner at Café Bernardo at 3rd and D Street in Davis. 
10. Go to see a movie on 1st and F Street (Holiday theatre in Davis). The movie starts 

at 7:15 p.m., or 9:15 p.m. You prefer to see the 7:15 show. 
11. Go to Blockbuster to check out a video for a friend of yours. The Blockbuster 

closes at 9:00 p.m. 
12. Go home. 
 

Suppose it is now 4:00 p.m. You are at the Main Theatre on UCD campus. You just found 
out that the show (activity 7 above) had been canceled. Now you have more time than 
you had originally planned to do 8 and 9 listed above and then go to a movie at 7:15. 
What would you do now? Note that traveling from one place to the other takes time. 
Please plan for the rest of the day and revise the original schedule in the following 
Revised Schedule Table, which contains the rest of your schedule for today. When 
revising, you may cross original activities out, write new things in, re-sequence them by 
putting arrows etc. When you are finished, please index revised activities in the order 
that you would like to perform them. 
 
You may add any new activities; modify original activities (e.g., change the order, the 
location or the mode etc.) on the list; delete original activities on the list; or move the 
entire schedule forward or delay the entire schedule. Every time when you make such a 
movement, please talk out. Please talk out anything that comes into your mind. 
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Revised Schedule Table (18) 
IT IS NOW 4:00 P.M. 

Activity Type With Whom Activity Location Travel Means 
Buy a bike lock  Self F & 3 rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3 rd and 4 th, Davis Car 

Go home Self Your own home location Car 
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Revised Schedule Table (Original) 
 

Activity Type With Whom Activity Location Travel Means 

Mail a package to a friend at the post office Self 5th and Pole Line Street Car 

Take the car to GoodYear Garage Self On 5th Street, a few blocks 
from post office 

Car 

Go grocery shopping Self Stockton & Fruitridge, 
Sacramento 

Car 

Meet friends for lunch at 11:00 a.m. Friend Downtown plaza, Sacramento Car 

Pick up an airline ticket. Self Downtown plaza, Sacramento Walk 

Go to the Arden Fair mall to buy flowers and possibly clothes Self Arden Fair Mall, Sacramento Car 

Go to see a show at 4:00 p.m. Self Main Theatre, UCD campus Car 

Buy a bike lock Self F & 3rd, Davis Car 

Have dinner at Café Bernardo Self 3rd & F, Davis Car 

See a movie at 7:15 p.m. at Holiday Theatre Self 1st & F, Davis Car 

Go to Blockbuster to check out a video Self F bet. 3rd and 4th, Davis Car 

Go home Self Your own home location Car 
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APPENDIX D1 

 

GENERAL INFORMATION

                         
1 The source of this questionnaire is the mobility survey conducted by the University of California at Davis. 
The principal investigator is Professor Patricia Mokhtarian.  
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GENERAL INFORMATION 
 
Your responses in this section will enable us to project the results from this small sample 
to the population as a whole. By household members we mean, people who live together, 
and share at least some activities and some financial resources. Ordinary roommates 
such as students living together, would NOT be considered as household members. 
 
1. What is your age? _______ years old 
 
2. Do you have any physical or mental difficulties that prevent or limit you from… 
 
 No difficulty Some Can’t 
  difficulty do this 
 

• driving during the day?  �1 �2 �3 
• driving at night? �1 �2 �3 
• driving in the rain �1 �2 �3 
• driving on the freeway?  �1 �2 �3 
• taking public transportation?  �1 �2 �3 
• flying in the airplane? �1 �2 �3 
• walking? �1 �2 �3 
• riding a bicycle? �1 �2 �3 

 
3. What is your educational background? (check the highest level attained) 
 

�1 Some grade school or high school �4 4-year college/technical school 
degree 

�2 High school diploma  �5 Some graduate school 
�3 Some college or technical school �6 Completed graduate degree(s) 

 
4. Do you have access to an automobile or a motorcycle? 
 

�1 Yes 
�2 No 

 
5. In which building do you work ? ________________________________________ 
 
6. What is your job title? _________________________________________________ 
 
7. What is the total number of persons (including yourself) in your household? ______ 
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8. Please indicate the number of your household members (including yourself) falling 
into the respective age groups below (your answer should add up to the number of people 
you indicated in Question 7): 
 

_______ persons under 6 years old ______ persons 24-40 
_______ persons 6-15 ______ persons 41-64 
_______ persons 16-18 ______ persons 64-74 
_______ persons 19-23 ______ persons 75 or older 

 
9. Is there anyone in your household (other than preschoolers) who needs special care? 
 

�1 Yes 
�2 No 

 
10. How familiar are you with the city of Davis? 
 
 ______ ______ ______ ______ ______ ______ ______ 
 extremely familiar somewhat neutral somewhat unfamiliar extremely 
 familiar  familiar  unfamiliar  unfamiliar
  
11. Please check the category which contains your approximate annual household income 
before taxes. 
 
 �1 Less than $15,000 �3 $35,000 to $54,999 �5 $75,000 to 
$94,999 
 �2 $15,000 to $34,999 �4 $55,000 to $74,999 �6 $95,000 or more 
 
12. Please check the category which contains your approximate annual personal income 
before taxes. 
 
 �1 Less than $15,000 �3 $35,000 to $54,999 �5 $75,000 to 
$94,999 
 �2 $15,000 to $34,999 �4 $55,000 to $74,999 �6 $95,000 or more 
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13. Please indicate how well each of the following words or phrases describes you. 
 
 Hardly Not Moderately Very Almost 
 at all very well well well completely 
 
a. risk-taking �1 �2 �3 �4 �5 
b. like being outdoors �1 �2 �3 �4 �5 
c. patient �1 �2 �3 �4 �5 
d. like to stay close to home �1 �2 �3 �4 �5 
e. variety-seeking �1 �2 �3 �4 �5 
f. ambitious  �1 �2 �3 �4 �5 
g. like moving at high speeds �1 �2 �3 �4 �5 
h. efficient  �1 �2 �3 �4 �5 
i. like being independent  �1 �2 �3 �4 �5 
j. aggressive �1 �2 �3 �4 �5 
l. adventurous �1 �2 �3 �4 �5 
m. like being in charge  �1 �2 �3 �4 �5 
n. spontaneous  �1 �2 �3 �4 �5 
o. like being alone  �1 �2 �3 �4 �5 
p. restless �1 �2 �3 �4 �5 
q. on time �1 �2 �3 �4 �5 
r. curious  �1 �2 �3 �4 �5 
 
We would value any additional comments you may have. Please write them on the back of 
this page, or attach another page.
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PLANNING BEHAVIOR 
 
Dear respondent, information on how people plan their activities and trips in daily 
life helps us to better understand people's travel behavior, which in turn helps us to 
determine people’s travel needs and prepare better transportation systems for the 
future. In the following section, we will ask you questions on how you plan things. On 
a 5-point scale system, please check the appropriate to indicate to which degree you 
agree with each of the following statements.  
 
1. I like to plan everything ahead. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
2. I usually arrive on time for meetings/appointments. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
3. I generally plan to get more things done than I am able to finish in time.  
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
4. I feel like I am wasting time when I do not have anything to do. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
5. It is a great pleasure to go home after work. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
6. Home for me is just a place where I sleep. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
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7. I spend a great deal of time at home even during weekdays.  
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
8. I prefer to stick to a planned schedule as much as possible.  
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
9. Traveling makes me nervous. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
10. I often worry about my safety when I travel. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
11. Traveling is boring. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
12. Travel time is generally wasted time. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
13. Getting stuck in traffic does not bother me too much. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
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14. The only good thing about traveling is arriving at your destination. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
15. I like traveling alone. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
16. I limit my auto travel to help improve congestion and air quality. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
 
17. I tend to get sick when traveling for a long time (over two hours). 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
18. I do not mind taking public transit as long as it is safe and convenient. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
19. I think that public transit is a good way to reduce environmental pollution.  
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
20. Automobiles give me comfort and safety.  
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 



 

 

268 

 

21. The automobile is a big source of pollution. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
22. To me, a car is nothing more than a convenient way to get around. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
23. I view my car as having a personality. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
24. Usually, I'd rather have someone else do the driving. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
25. I often feel like that I have too many things to do. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
26. I like to maintain a busy schedule every day. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
27. I feel stressed most of the time. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
28. Going shopping is a big headache for me. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
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 agree agree  disagree disagree 
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29. I prefer to shop from home using a computer. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
30. I like to see the product in person before making a purchase decision.  
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
31. I do not mind working on things I do not like, as long as it will help me make 
money now or in the future. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
32. I greatly enjoy my work. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
  
33. I enjoy social activities. 
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
 
34. I try to do some recreational activities at least once a week.  
 
 ______ ______ ______ ______ ______ 
 totally somewhat neutral somewhat totally 
 agree agree  disagree disagree 
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PLAN FOR TOMORROW 
 
Dear Respondent, in this questionnaire, you will be asked to fill in what you plan to do for 
tomorrow in the following table. Please write down all out-of-home and in-home 
activities you had thought of doing tomorrow. The following information is sought in the 
following table. Each row represents one activity. Please enter activities in the ascending 
order of their planned starting time. 
 
Activity Type: please first enter the type of activity you plan to do. Then indicate how 
certain this activity will be performed tomorrow by checking one of the three boxes 
provided in the table.  
 
Starting Time: some activities have an exact or an approximate starting time, while 
others may start within a time interval. This is called degree of certainty associated with 
activity starting time. Please indicate the degree of certainty associated with the starting 
time for the activity in the same row by checking an appropriate box. Please also fill in 
the exact or approximate time, or time interval in the line with a checked box. 
 
Activity Duration: like the activity starting time, some activities have an exact, or 
approximate duration, while other activities’ duration is within a time interval. This is 
called degree of certainty associated with activity duration. Please indicate the degree of 
certainty of the duration for the activity in the same row by checking an appropriate box. 
Please also fill in the exact or approximate duration, or time interval in the line with a 
checked box. 
 
Activity Location: for some activities such as work, they may have to be done at only 
one place. For other activities such as shopping, they can be done at several places. As 
you are planning for tomorrow, for some activities, you might not know now where they 
will be performed tomorrow. If the activity must be done at only one location, please 
enter this location and check the box titled “must be this place”. If the activity can be 
done at several places, please enter the location where the activity will be most likely to 
be done and check the box titled “likely to be this place”. If you do not know where the 
activity will be performed yet, leave the activity location line blank and check the box 
titled “do not know yet”. 
 
Means of Travel: when two activities are located in different places, a trip must be 
introduced. We are interested in the means of travel (called “mode”)  you use to travel 
from one place to the other. Like activity locations, sometimes you might know exactly 
what mode will be used. At other times, you might know that you will be using one of the 
modes available to you. It is also possible that you do not know what mode will be used 
yet. If you know exactly what mode to be used, please enter this mode and check the box 
titled “must be this mode”. If you know that you will be using one of several modes 
available to you, enter the mode that is most likely to be used and check the box titled 
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“likely to be this mode”. If you do not know what mode you will be using, please the line 
blank and check the box titled “do not know yet”. 
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Plan for Tomorrow 
 

Activity Type Starting Time Activity Duration Activity Location Means of Travel 

Enter activity here: 
______________________ 

How certain is it: 
� must be done 
� likely to be done 
� possible, but not likely 

 

How certain is the starting time: 
�  exactly at: _________ 
� about at: __________ 
� Bet. ______ and _______ 

 

How certain is the activity 
duration: 

� exactly: _________ 
� about: __________ 
� Bet. ______ and _______ 

Enter activity location  here: 
______________________ 

How certain is the location: 
� must be this place 
� likely to be this place 
� do not know yet  

 

Enter means of travel here: 
______________________ 

How certain is the mode: 
� must be this mode 
� likely to be this mode 
� do not know yet  

 Enter activity here: 
______________________ 

How certain is it: 
� must be done 
� likely to be done 
� possible, but not likely 

 

How certain is the starting time: 
� exactly at: _________ 
� about at: __________ 
� Bet. ______ and _______ 

 

How certain is the activity 
duration: 

� exactly: _________ 
� about: __________ 
� Bet. ______ and _______ 

Enter activity location  here: 
______________________ 

How certain is the location: 
� must be this place 
� likely to be this place 
� do not know yet 

 

Enter means of travel here: 
______________________ 

How certain is the mode: 
� must be this mode 
� likely to be this mode 
� do not know yet  

 Enter activity here: 
______________________ 

How certain is it: 
� must be done 
� likely to be done 
� possible, but not likely 

 

How certain is the starting time: 
� exactly at: _________ 
� about at: __________ 
� Bet. ______ and _______ 

 

How certain is the activity 
duration: 

� exactly: _________ 
� about: __________ 
� Bet. ______ and _______ 

Enter activity location  here: 
______________________ 

How certain is the location: 
� must be this place 
� likely to be this place 
� do not know yet  

 

Enter means of travel here: 
______________________ 

How certain is the mode: 
� must be this mode 
� likely to be this mode 
� do not know yet 

 Enter activity here: 
______________________ 

How certain is it: 
� must be done 
� likely to be done 
� possible, but not likely 

 

How certain is the starting time: 
� exactly at: _________ 
� about at: __________ 
� Bet. ______ and _______ 

 

How certain is the activity 
duration: 

� exactly: _________ 
� about: __________ 
� Bet. ______ and _______ 

Enter activity location  here: 
______________________ 

How certain is the location: 
� must be this place 
� likely to be this place 
� do not know yet  

 

Enter means of travel here: 
______________________ 

How certain is the mode: 
� must be this mode 
� likely to be this mode 
� do not know yet  

 Enter activity here: 
______________________ 

How certain is it: 
� must be done 
� likely to be done 
� possible, but not likely 

 

How certain is the starting time: 
� exactly at: _________ 
� about at: __________ 
� Bet. ______ and _______ 

 

How certain is the activity 
duration: 

� exactly: _________ 
� about: __________ 
� Bet. ______ and _______ 

Enter activity location  here: 
______________________ 

How certain is the location: 
� must be this place 
� likely to be this place 
� do not know yet  

 

Enter means of travel here: 
______________________ 

How certain is the mode: 
� must be this mode 
� likely to be this mode 
� do not know yet  
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APPENDIX F1 

 

ACTIVITY DIARY 

                                                 
1 Professor Ram Pendyala at University of South Florida kindly provided the diary form. The activity list 
comes from Robinson (1977). 
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How to Complete the ACTIVITY DIARY 
 
1. Carry your diary to record every activity/trip as it takes place. 
2. Please make sure to record all activities starting at 3:00 a.m. on your travel 

diary day and ending at 3:00 a.m. of the following day. Your diary will be 
complete after you have recorded your last activity/trip. 

3. The list on the following page will help determine which activities to record. 
4. Stop-overs on the way to a destination are separate activities. For example, 

picking up groceries on the way home from work is a separate activity 
(shopping). 

5. Record start and end time of each activity to the closest possible minute. 
6. Record your activities as a sequence of events (see example below). 

Remember: your travel diary day begins at 3:00 a.m. and ends 3:00 a.m. the 
following day. See an example on how to complete the diary in “Example 
Activity #3” and “Example Activity #4” on the following page. The activities 
shown refer to activity numbers 3 (ate breakfast at home) and 4 (took Kathy to 
child care) below. 

 
Example Sequence of Activities 
 
Activity Start time End time 
 Of Activity Of Activity 
1. Slept 3:00 a.m. 7:00 a.m. 
2. Personal Care 7:00 a.m. 7:22 a.m. 
3. Ate breakfast at home 7:22 a.m. 7:55 a.m. 
4. Took Kathy to child care 7:55 a.m. 8:10 a.m. 
5. Drove to work 8:10 a.m. 8:30 a.m. 
6. Worked 8:30 a.m. 12:17 p.m. 
7. Lunch in the office 12:17 p.m. 1:15 p.m. 
8. Worked 1:15 p.m. 5:28 p.m. 
9. Picked up Kathy from child care 5:28 p.m. 5:43 p.m. 
10. Went home 5:43 p.m. 6:00 p.m. 
11. Cooked dinner 6:00 p.m. 6:37 p.m. 
12. Ate dinner 6:37 p.m. 7:03 p.m. 
13. Washed dishes  7:03 p.m. 7:47 p.m. 
14. Read 7:47 p.m. 8:45 p.m. 
15. Personal Care 8:45 p.m. 9:18 p.m. 
16. Slept 9:18 p.m. 3:00 a.m. 

Example of Activities 
Non-Free Time  Free Time 
 Paid Work   Educational 
 Main Job Classes 
 Unemployment Homework 
 Second Job Other education 
 Eating at work Travel to/from educational 
 Before/after work   
 Breaks 
 Travel to/from work 
 Household Work Organizational 
 Food preparation Professional/union 
 Meal cleanup Special interest  
 Cleaning house Political/civic 
 Outdoor cleaning Volunteer/helping 
 Clothes care Religious group 
 Repairs  Religious practice 
 Plant, pet care Fraternal 
 Other household work Child/youth/family 
  Other organizations 
  Travel to/from organizations  
 Child Care Entertainment/Social 
 Baby care  Sports events 
 Child care Entertainment 
 Helping/teaching Movies 
 Talking/reading Theatres 
 Indoor playing Museums  
 Outdoor playing Visiting 
 Medical care – child Parties  
 Other child care Bars/lounges 
 Travel to/from child care  Other s ocial  
  Travel to/from social 
 Obtaining Goods/Services Recreation 
 Everyday shopping Active sports 
 Durable/house shop Outdoor 
 Personal services Walking/hiking 
 Medical appointments Hobbies 
 Govt/financial services Domestic crafts 
 Repair services Art 
 Other services Music/drama/dances  
 Errands Computer  use(email and internet) 
 Travel to/from goods and services Other computer use 
  Travel to/from recreation 
 Personal Needs and Care Communications  
 Washing, dressing, etc. Radio/TV 
 Medical care Records/tapes/CD 
 Help and care Read books 
 Meals at home  Magazines, etc. 
 Meals out Reading newspaper 
 Night Sleep Conversations  
 Naps/day sleep Writing 
 Other personal activities Think/relax 
 Travel to/from personal care  Travel to/from Communications 
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 Example Activity #3 

 
1. What was your activity? 
 
 
2. Did you have to MAKE A TRIP to get to this activity? 

� YES ⇒ What time did you begin the trip? _______ am/pm 
What time did you get there? ________ am/pm 

� NO 
 

3. What time did you: Start the Activity? ________ am/pm 
End the Activity? _________ am/pm 

 
4. If the activity took place at a location OTHER THAN HOME, 

where did the activity take place? Please be as specific as possible. 
 Place Name: _______________________________________ 
 Address: _______________________________________ 
 Or Cross Street: _______________________________________ 
 City and Zip: _______________________________________ 
 
5. How did you travel to the activity? (Circle one) 

Vehicle Bus Taxi  Walk Bike Other 
Drove alone Public   
Rode with family School 
Rode with others 
 

6. If you rode a public bus, how much fare did you pay? 
__________ Cash/Weekly Pass/Monthly Pass (Circle one) 
 

7. If you traveled by personal vehicle, were you the: 
� Driver � Passenger 
 

8. Counting yourself, how many passengers were in the vehicle? 
# of Passengers: ________________ 
 

9. How much did you pay out of your pocket for parking? 
$ _____________ Per Hour/Day/Month/Year (Circle one) 
� Did not pay 
 

10. How much did you pay out of your pocket for tolls? 
$ _____________ � Did not pay 

 Example Activity #4 
 
1. What was your activity? 
 
 
2. Did you have to MAKE A TRIP to get to this activity? 

� YES ⇒ What time did you begin the trip? _______ am/pm 
What time did you get there? ________ am/pm 

� NO 
 

3. What time did you: Start the Activity? ________ am/pm 
End the Activity? _________ am/pm 

 
4. If the activity took place at a location OTHER THAN HOME, 

where did the activity take place? Please be as specific as possible. 
 Place Name: _______________________________________ 
 Address: _______________________________________ 
 Or Cross Street: _______________________________________ 
 City and Zip: _______________________________________ 
 
5. How did you travel to the activity? (Circle one) 

Vehicle Bus Taxi  Walk Bike Other 
Drove alone Public   
Rode with family School 
Rode with others 
 

6. If you rode a public bus, how much fare did you pay? 
__________ Cash/Weekly Pass/Monthly Pass (Circle one) 
 

7. If you traveled by personal vehicle, were you the: 
� Driver � Passenger 
 

8. Counting yourself, how many passengers were in the vehicle? 
# of Passengers: ________________ 
 

9. How much did you pay out of your pocket for parking? 
$ _____________ Per Hour/Day/Month/Year (Circle one) 
� Did not pay 
 

10. How much did you pay out of your pocket for tolls? 
$ _____________ � Did not pay 

 




