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Abstract   Current personal information management (PIM) tools do not suffi-

ciently recognize the spatio-temporal, hierarchical, or conceptual relations of tasks 

that constitute our plans. Using behavioral observation methods we analyzed peo-

ple planning a trip to attend a conference taking place in a region they had little or 

no prior familiarity with. The resulting open-ended records were coded into high-

er-level segments and categories. These served as a basis for a cognitive engineer-

ing approach, to propose better design principles for spatio-temporally enabled 

PIM-tools.   

1 Introduction 

Research on personal information management (PIM) is concerned with the “[...] 

effort to establish, use and maintain a mapping between need and information.” 

(Jones and Teevan, 2007). Traditionally, research in this field was very much con-

cerned with the organization of documents, pictures, bookmarks, etc. (Barreau and 

Nardi, 1995; Jones and Tevaan, 2007). But more recently voices called for a focus 

on “prospective memory” (Sellen and Whittaker, 2010), i.e., the memory that 

stores the tasks and errands we are supposed to do in future. Tools that support our 

prospective memory are applications like calendars, todo-lists, etc. Such tools are, 

according to Norman (1991), cognitive artifacts, i.e.,“artificial device(s) designed 

to maintain, display, or operate upon information in order to serve a representa-

tional function”.  

Currently, these tools are relatively passive, because they provide little support in 

planning or monitoring our tasks. Their capabilities are mostly limited to the stor-

age and display of information. Interactive features, such as alarms, do not take 

contextual changes into account. A dynamic notification in contrast, would auto-

matically modify a set alarm if necessary. For example, in case of a traffic delay, it 

would tell the user to depart earlier. Research has shown that PIM-tools can great-

ly benefit from the integration of spatio-temporal and semantic information (Rau-
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bal et al., 2004; Raubal and Winter, 2010; Janowicz, 2010; Abdalla and Frank 

2012). Calendars, for example, could be improved if they had a sense of space-

time built into them. Currently, they allow creating two events that are geograph-

ically unreachable within the specified time the events are apart (e.g., Event A, 

01.02.2013, 10 a.m. in New York & Event B, 01.02.2013, 3 p.m. in Berlin).  

 

We argue that current PIM-tools require a change in representation, i.e., get a 

sense of space, to allow for a proactive support of our daily activities. The goal of 

this work was to gain valuable insights into the cognitive nature of the planning 

process and try to infer important principles that can serve as a basis for the design 

of spatial PIM-tools. This can be seen as a cognitive engineering approach, pro-

posed by Norman (1986). The aim is to “devise systems that are pleasant to use-

the goal is neither efficiency nor ease nor power, although these are all to be de-

sired, but rather systems that are pleasant, even fun.”  

In this work we analyzed people planning a trip to a scientific conference, apply-

ing behavioral observation methods. The results, open-ended records, were coded 

and provided a semi-formal segmentation and categorization of the planning pro-

cess as the basis of our study.  

 

The main questions we addressed are: 

1. What are the (prominent) activities people carried out to plan the trip?  

2. Do people share a common temporal ordering of their planning activities? 

3. What is the nature of the information people used? 

4. How can (computational) tools help to overcome difficulties during the plan-

ning of a trip and its execution?  

The remainder of the work is structured as follows: In section 2 we discuss rele-

vant theories of planning from the cognitive sciences. Section 3 gives a detailed 

account of our study design and section 4 explains the methods underlying our da-

ta analysis. Section 5 presents the result of the analysis and the last chapter lists 

the proposed design principles that stem from our findings. 

2 Related Literature 

From a cognitive standpoint, trip planning is the solving of a problem with an 

initial state, a set of transformations, and a goal state. Mayer (1990) defines prob-

lem solving as “cognitive processing directed at transforming a given situation in-

to a goal situation when no obvious method of solution is available to the problem 

solver”. By doing so, we usually transfer information from past experiences or 

general knowledge onto the current problem to be solved. As a consequence, there 

is a considerable overlap between problem solving and transfer (Eysneck and 

Keane, 2010). More knowledge in a given domain increases the effectiveness of 
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problem-solving (expertise). This also plays a role in selecting the best option 

among several choices.  

In general, problems can be classified into well-defined and ill-defined prob-

lems. Well-defined problems are those in which the initial state, all possible steps 

to achieve a solution are clearly laid out and the final goal state is specified 

(Eysneck and Keane, 2010). The board game Backgammon is an example for a 

well-defined problem. There is only one start configuration, a finite set of legal 

moves and only one goal state (first to remove all their pieces from the board is to 

win). In contrast, trip planning is an ill-defined problem. Although, start and goal 

state are clearly laid out, the number of possible solutions to reach it is potentially 

infinite.  

If one is to decide upon a possible solution to a plan, or a part thereof, different 

strategies may be applied. One of them is the domain principle (Gilhooly, 1996) 

stating that “if option A is at least as good as option B in all respects and better 

than B in at least one aspect, then A should be preferred to B”. However, this is 

not always the case. As Kahneman and Tversky (1979, 1984) have shown, people 

are potentially more sensitive to losses than to gains (loss aversion). This may in-

fluence decision making and produce results that stand in contrast to the domain 

principle. Similarly, the “sunk cost effect” lets people often continue an endeavor 

once an investment in money, effort, or time has been made (Arkes and Ayton, 

1999) even if it would be economically better to abandon the plan.  

If there is more than one possible solution one might apply one of two strate-

gies: Multi-attribute theory (Wright, 1984) or elimination by aspects (Tversky, 

1972). The former lets people weight attributes relevant to a decision, finally se-

lecting the solution that offers the highest summed weight. The latter lets decision 

makers eliminate options by considering one relevant attribute after another. For 

example, consider all the hotels of a city you are interested in, and then eliminate 

the ones that are not within walking distance from a particular place. Then further 

reduce the number of options by specifying a price limit. Continue until you have 

found one solution.  

Also, some problems cannot be solved at all, because they are represented in a 

way that makes it impossible or very hard to retrieve a possible set of actions to-

wards the goal. This mental block can only be broken if the representation is 

changed (Knoblich et al., 1999). Ohlsson (1992) in his representational change 

theory noted that such a change of representation can be achieved by (1) adding 

new problem information, (2) re-encoding of information, or (3) constraint relaxa-

tion (what was not allowed before is now permitted). We argue that current PIM 

tools need a change of representation to allow for a better support in problem solv-

ing and plan execution. 
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3 Study Design 

Our study investigated the process of planning a trip to attend a scientific con-

ference. It was organized and hosted by the University of Tartu, Estonia and took 

place from the 22nd of August until the 25th of August 2012. The venue seemed 

particularly interesting, since only one of the participants has visited the country 

before and hence was familiar with its geography or transportation network. De-

tailed information about the conference was provided by the official conference 

website1. This included textual information on how to get there, a range of hotel 

options, the time table, etc. The participants were asked to plan the trip minimiz-

ing costs and time. The study was conducted around two weeks ahead of the con-

ference. Participants were asked to comment and justify the actions they were car-

rying out, so their intentions became clear to the authors. Also, they were provided 

with pencil and paper. The computer screen was filmed and notes were taken by 

the authors throughout the entire process. To simulate the booking of flights or ho-

tels the participants indicated to the observing person whenever they had made a 

final decision. 

3.1 Study Participants 

The subjects of the study (N = 10) were recruited from staff members of our in-

stitute and from the authors' family and friends. Half of the participants had a 

background in geospatial technologies. The age ranged from around 20 – 50 years 

and the sex ratio was 50:50. Experience in travelling and conference attendance 

among the participants varied from close to zero (never planned a trip abroad 

themselves) to very experienced (regular traveler to foreign places). Only one of 

the subjects has actually ever been to the country the conference took place. All 

other participants had no prior familiarity with the region of interest.  

4 Data Pre-Processing 

The observations resulted in a set of videos, transcripts and notes by both the 

participants and the observers. Because such kind of qualitative data is rather un-

structured, the first task was to decide upon a rigorous analytical framework that 

allowed breaking the content into units that could be quantified. We followed the 

“coding” approach described by Montello and Sutton (2006). The method devel-

ops incrementally beginning with a “segmentation” of the raw data (videos) into 

                                                           
1 http://www.ut.ee/mobiletartu/2012 (last accessed on 9th of November 2012) 

http://www.ut.ee/mobiletartu/2012
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“minimum meaningful entities”. These can vary in nature, e.g. they can be words, 

phrases, sentences, situations, or actions (See section 4.1 for a list of the seg-

ments). Once the minimum meaningful entities are defined they are grouped to-

gether into conceptually related categories. This resulted in analyzable quantifia-

ble data.  

4.1 Segmentation 

For the segmentation we defined units that constitute the meaningful entities. 

Considering the questions posed in the first section and intensive preliminary 

analysis of the videos and transcripts led to the identification of a number of cog-

nitive activities that constitute our segments. The following paragraphs describe 

them in detail: 

 

 Information-extraction: Whenever a participant acquires information rele-

vant for the planning process. It is indicated by looking at a text or browsing 

through a list or table. Additional hints for an ongoing information extraction 

are comments made by the subjects, e.g., „[...] now I'm trying to find out what 

time the flight leaves“. Information-extraction increases the person's 

knowledge based on existing information. Information-extraction does not 

represent a single segment, but is an umbrella term for a group of segments. 

Each of these segments is determined by the kind of information extracted. 

Because we cannot explicitly list all segments subsumed by the term, they are 

represented by the lattice structure shown in Figure 1.  For example, infor-

mation can be extracted about an event, a connection, or a place. Each of the-

se can further be instantiated by a more specific description, e.g., event-

conference, connection-flight, place-hotel. On the most detailed level, each 

instance of information can be of a specific type, e.g. temporal, spatial, price, 

or place name. For example, the segment “information extraction – connec-

tion-flight-price” refers to extracting price information about a specific flight 

connection. This way we obtain a more nuanced view on extraction activities.  

 

 Information-input: Whenever a participant feeds information into a data 

processing system (e.g. website) based on personal preferences and the task 

description. For example, selecting the departure date for a connecting flight.  

 

 Comparison & Ranking: In this segment, the subject considers different op-

tions and attempts to rank one over the other and may apply some of the strat-

egies mentioned in section 2. This activity is indicated by verbal expression 
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and / or by a constant back and forth switching between websites with compa-

rable content. 

 

 Spatial-/Temporal-/Spatio-Temporal Inference: An inference is mainly no-

ticeable through verbal comments made when a participant concludes that 

something is relevant to the planning process based on observed facts. For ex-

ample, “[...] because the flight arrives very late and there are no connecting 

buses, I need to book a hotel for the night”. Inferences increase the subject’s 

knowledge by inferring facts from given information.  

 

 Postponement: This is the case when certain tasks are decided to be conduct-

ed in-situ (e.g., buy tickets on the bus) or shortly before departure (e.g., order 

an airport shuttle) instead of planning them in advance.  

 

 Booking: This is the activity of a final decision. Participants in the study were 

asked to clearly state when and what they were about to “book”, e.g. a train 

ticket. 

 

 Consideration: The act of determining a possible solution to a part of the 

plan. This is indicated by taking notes, possibly used for later comparison, 

and / or verbal comments.  

 

 

 

Fig. 1. The lattice structure illustrates all the different segments grouped under the term Infor-

mation-Extraction  
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4.2 Categorization 

In the next stage, we grouped conceptually related segments together. We opted 

for a two level categorization. On the lowest level, 9 mutually exclusive categories 

cover the range of all segments. On the second level, three categories entail the 

lower category level (see Table 1). Higher order goals (category level 1 and 2) are 

achieved by lower level activities. As mentioned in the section before, we distin-

guish between different forms of Information-Extraction. In general, it has the 

goal to form an understanding or a description of a situation. We defined four dif-

ferent forms of understanding and one description: 

 Event Understanding 

 Network Understanding 

 Place Understanding 

 Spatial Understanding 

 Task Description  

For example, extracting information about the conference contributes to the task 

description. Extracting spatial information (i.e.: looking at a map) contributes to 

Spatial Understanding. The three types of inferences (i.e.: spatial, temporal and 

spatio-temporal) are grouped into the Inference category. All forms of inputs are 

categorized as Query, and the activities of Comparing&Ranking as well as Con-

sideration fall into the Filtering/Storing category. Finally, the segments Booking 

and Postponement form the Decision category. Table 1 gives a structured over-

view of the grouping mechanism applied to the segments. Please note the special 

syntax for the segments: 

 SegmentName – IsAbout, OfInstance, Type 

The symbol “[…]” indicates that all subsequent levels are included. For example:  

“Info Extraction – Place, Hotel, […]” refers to ”Info Extraction – Place, Hotel, [Temporal, 

Spatial, Price, Place Name]”.  

The symbol “ \ ” stands for without. For example: 

“Info Extraction – Place, Hotel, […] \ spatial” refers to “Info Extraction – Place Hotel, 

[Temporal, Price, Place Name]”. 
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Segments 

(isAbout, InstanceOf, Type) 

Category 

 Level 1 

Category 

Level 2 

Info Extraction – event, conference, […] Task Description Knowledge  

Aquisition Info Extraction – event, […] \conference Event Understanding 

Info Extraction – connection, […] \spatial Network Understanding 

Info Extraction – place, […] \spatial Place Understanding 

Info Extraction – […], spatial regional 

Info Extraction – […], spatial local 

Spatial Understanding 

Info Input – […] Query 

Spatial Inference 

Temporal Inference 

Spatio/Temporal Inference 

Inference Reflection & 

Evaluation 

Comparison & Ranking 

Consideration 

Filtering & Storing 

Booking 

Postponement 

Decision 

Table 1. Activity Categorization 

5 Analysis 

5.1 Data Analysis 

Generating discrete data sets allowed us to aggregate and analyze it. The first 

question we addressed was “Are there any prominent activities evident?” Figure 2 

illustrates the absolute number of the activities (See Section 4.2) per subject. It 

shows that the amount of effort spent for the task varied tremendously. It can be 

seen that experienced travelers (Subjects D, F, and G) tended to conduct less ac-

tivities than the others. This can be explained by their strategy of postponing parts 

of the planning process to be carried out shortly before the trip started, e.g., how to 

get from the hotel to the conference. But there are outliers that do not support the 

statement, such as subject A, who can be considered to be an experienced traveler 

but nevertheless put much effort into the planning, as well as subject “B” who 

does not belong to the group of experienced travelers, but still was very brief. 
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Fig.2. Absolute number of segmented activities for each participant. 

 

In Figure 3 each individual activity is shown relative to the sum of all activities. 

At that point it is important to state that the activities do not say anything about the 

temporal extent of the process.  

The prevalence of certain activities varies from subject to subject, although 

some seem to be consistently prominent. Those are network understanding and 

querying. Thus, a lot of effort is put into understanding the transportation network 

that serves as a basis for the trip. The second important activity is querying data-

bases to seek information that provides the foundation for the various understand-

ings as defined in level 1 of the categorization table (See Table 1). In contrast, 

there are activities that are sometimes not present at all, such as event understand-

ing. We believe that this is due to the simulated character of the study, resulting in 

most of the participants to consider it not necessary to check any temporal over-

laps with their real schedule. 
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Fig. 3. Relative number of segmented activities for each participant.  

Another dimension of interest is the temporal ordering (See Question 2 in Sec-

tion 1). Many of the activities were conducted in an unordered manner and were 

reoccurring. Thus, we used a method that allowed to make assertions about the 

general ordering of the activities. For each activity a number was assigned, repre-

senting its position in the ordered sequence of activities. We then took the first oc-

currence of each activity, i.e., the minimum value of all the positions that are oc-

cupied by it. That gave us the first occurrence of every activity in the complete 

list, from which we were then able to compute the relative order in comparison to 

the other activities. This was done for each subject. The result is visualized in Fig-

ure 4.  
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Fig. 4. Temporal order (first occurrence) of the various segments for each subject. 

Each line depicts an activity, while the axes stand for the subjects. The closer to 

the center a line is, the earlier the activity had its first occurrence in the overall 

process. Obviously, the activity that for all the participants has been the first thing 

to do, was to define the goal (task description). From there on the picture appears 

to be more complicated and a clear delineation of the ordering is hard to find. Alt-

hough the subjects vary in their sequential ordering, some of the activities took 

place before others. The first Query-activity, that is the second closest to the cen-

ter, was by every subject conducted before the filtering and storing as well as the 

Decision-activities. Mostly decisions were made after each of the other activities 

was conducted at least once. We conclude that some of the activities imply func-

tional dependencies. An activity that seems to vary strongly is Place Understand-

ing.  

A question we posed in Section 2 was concerned with the nature of information 

utilized to solve the problem. We recognized soon, in conformance with previous 

research (Timpf et al., 1992), that people plan on different levels of granularity. 

Therefore, we differentiated between two scales of spatial information, that is, lo-

cal and regional. Figure 5 shows the absolute amount of times a map was looked 

at, distinguished by local (street level) and regional scale (country level).  
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Fig. 5. Number of times subjects looked at a map, divided in regional and local scale. 

Three of the subjects (B,G,J) did not look at a regional scale map at all. Hence, 

they did not build up a large scale spatial/topological representation of the region 

and places relevant for their search. It is interesting to note that none of them had a 

detailed familiarity with the region of interest.  

Just like spatial information, temporal information was used on different granu-

larities. Every subject started noting the temporal extension of the conference on a 

coarse date-level (i.e: 22
nd

 -25
th

 of September). However, at the point of looking 

for a flight, subjects refined the task description to an exact time on an hourly ba-

sis (i.e.: 22
nd

 at 11 am). Only one subject did book a flight based on dates, assum-

ing one day before and after the conference allows for sufficient time to reach the 

conference and return to the airport on time. Hotels were only looked at based on 

date information, check-in times were hardly considered. 

 

5.2 Observation based findings  

The process of coding allowed us to quantify an open ended data-set, by cutting 

the continuous stream of information into discrete entities. Information as rela-

tions between the different activities or valuable insights became apparent 
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throughout the observation. In the following we present the findings that are based 

on the observations made by the authors while conducting the study. 

Information Transfer: The most striking cognitive activity was the extraction 

and feeding of information from different sources into various query interfaces. It 

was also one of the most error prone activities. 4 out of the 10 participants did err 

in the querying and booking process of flights, caused by wrongly put date infor-

mation. This problem often accumulated throughout the process into a vast 

amount of different websites that contained relevant or irrelevant information. 

Some subjects, had at times, up to 20 tabs opened in the browser, among they at-

tempted to extract or feed information. 

Comparison and Inference: The next (related) evident problem was the compari-

son of different options that had to be done by constant back and forth switching 

between the tabs or websites. At some points subjects had opened two separate 

online maps, each of it containing a point of interest (such as a hotel- and confer-

ence venue). By back and forth switching between the maps they tried to see 

whether the points were close to each other. Inference was yet another activity, by 

examining a situation subjects inferred the need for something and defined sub-

tasks. For example, by noticing that the flight departs early in the morning, it was 

inferred that there is a need for a hotel to stay overnight.  

Place based vs. Geographic Understanding: In Figure 5 we showed that some 

subjects did not build up a geographic representation of the region. This lack of 

spatial knowledge resulted in a narrowed approach to the search for possible con-

nections to Tartu. Almost all of those who had looked at a large scale map recog-

nized that Riga is as close to Tartu as Tallin. Thus, they were able to look for solu-

tions involving a flight to Riga and a connecting bus/train to Tartu. Those who did 

not bear such knowledge were not able to make that inference. This gap in geo-

graphic understanding of the situation even lead one subject to book a flight to 

Tallin, unaware of the fact that Tallin and Tartu are two different entities. The sub-

ject simply assumed that there is a taxi going from the airport to Tartu's city cen-

ter. Interestingly, all of those who planned their trip solely based on city names, 

did not have an educational background in geospatial technologies. 

Opportunities: Hayes-Roth and Hayes-Roth (1979) shaped the term “opportunis-

tic planning”, describing the fact that people often recognize an opportunity in a 

plan to conduct a related or unrelated task. In our study it appeared that some sub-

jects recognized such opportunities. In one case, it was noticed that there is a flight 

going via Brussels, what could have been an opportunity to meet friends who live 

there. Consequently, such opportunities played a role in their weighing of a solu-

tion in comparison to others. 

Assumptions: They build the basis for a lot of queries in the planning process. 

When people were unsure about things, they made assumptions. Facing a query 

interface of a flight search engine the following was stated: “[…] normally Tallin 
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is cheaper, the capital is always cheaper”. Since the subject was not sure what city 

to select, an assumption was made. 

Postponement: When explaining the participants what to do, we always stated 

that they should plan the trip until they feel that it is “done”. It occurred that for 

things which are still part of the trip and might have needed some prior prepara-

tion, people tended not to take care of it until very shortly before departure. Most 

of the subjects were satisfied by having a flight and hotel booked. They were not 

concerned on how to exactly get from the hotel to the conference venue, or how to 

go to the airport in their hometown. 

Cognitive artifacts: In the observational part, we did not explicitly ask the sub-

jects to use any sort of tools to support their planning. In fact, only very few used 

a calendar or similar tool. On the other hand, almost all of the subjects took notes 

on the provided sheet of paper. The purpose of the notes seemed to be twofold: (1) 

writing down the details of the conference (i.e., date, venue, etc...) and (2) com-

paring possible solutions. 

6 Conclusion and Future Work 

The aim of this study was to acquire a deeper understanding of a planning pro-

cess that involves a clear set of spatio-temporally constraining factors. In this sec-

tion we give a set of implications for the design of spatio-temporally enabled PIM-

tools. We found 4 points that need to be addressed: 

Goal based planning: Planning is a goal directed activity. It is therefore crucial 

that the goal is represented and defined well (task description), in order to come 

up with a successful plan. An application supporting the user needs to be able to 

store an (sufficiently) accurate representation of the goals. Both the temporal and 

spatial dimension plays an important role finding a good solution to the problem. 

As a result, an ideal application would let users set a task freely, but constrain 

them to choose only amongst solutions that “make sense”. This helps to avoid er-

rors, as those mentioned above, e.g., when users confused dates or places. 

Planning is an evolving process: In general, several (evolving) plans are created 

during the problem-solving process. As an attempt to properly sequence or com-

pare different legs of the trip people used cognitive artifacts (e. g, a piece of paper) 

to help them store spatial, temporal, or cost-related information. It is therefore 

crucial that an application is capable of storing a partial (incomplete) plan. With 

this capability, other (reasonable) parts of a plan can be added, removed, replaced, 

or simply compared to each other. Also, it is important that the system is able to 

determine gaps or missing links in the plan (e.g., due to postponement by the us-

er). Thus, a formal description for “partial plans” might be helpful, similar to the 

model proposed by Weiser et.al (2012).  
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Recognizing opportunities: An application should be able to recognize opportu-

nities for other tasks, or simply suggest things based on other data sources. The 

example we presented in Section 5 showed that spatial information about a friend 

(her/his home address) was matched with a possible travel route and hence per-

ceived to be an opportunity. Since such opportunities play an important role in the 

weighing of a solution it needs to be incorporated in the representation.  

Planning over multiple granularities: Throughout the planning process subjects 

reasoned over multiple temporal and spatial granularities. As a result, a supporting 

system should be able to reason over coarse granularities (date or city level) but 

also be able to look into more detailed parts of the plan. This affords a way of 

grouping lower level into higher-order tasks that can be reasoned over. This is 

something well known in Artifical Intelligence (AI) (Sacerdoti, 1977; Tate 

1975b).  

 

We expect that implementing the above mentioned features will give PIM-tools a 

better representation of spatio-temporal tasks and plans. This will help us with 

prior planning but also support us along the way of complementing and executing 

a plan, i.e., support our prospective memory. To achieve this goal, several open 

questions need to be tackled. Research in GIScience must increasingly address the 

issue of formal models of processes (plans) that can account for multiple levels of 

granularities (spatial and temporal). One of the crucial findings of the study was 

that information transfer, as described in section 5.2, is a main issue that can be 

supported by computational tools. For the future we would like to take a closer 

look at the amount of time people spend for planning and examine the partici-

pants’ notes. Building on the findings of this and future studies, we aim to imple-

ment a prototype PIM-tool.  
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