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Abstract. Temporal data are a core element of a reservation. In this paper we 
formulate 10 requirements and 14 sub-requirements for handling temporal data 
in online hotel reservation systems (OHRS) from a usability viewpoint. We test 
the fulfillment of these requirements for city and resort hotels in Austria and 
Switzerland. Some of the requirements are widely met; however, many require-
ments are fulfilled only by a surprisingly small number of hotels. In particular, 
numerous systems offer options for selecting data which lead to error messages 
in the next step. A few screenshots illustrate flaws of the systems. We also draw 
conclusions on the state of applying software engineering principles in the 
development of Web pages. 
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1 Introduction 

Online reservation systems have become a major source for booking travel services; 
hotel rooms are among the top 3 online purchases (together with books and airline 
tickets) [1]. Travelers should be able to use the booking system intuitively and are not 
willing to undergo site-specific learning processes. However, a recent survey found 
that about 50% of the users face frustrations during booking processes [2]. Therefore, 
user-friendliness of an Online Hotel Reservation System (OHRS) is a crucial factor 
for purchases and relationship building [3]. The perceived ease of use should be im-
proved by creating, among others, easy to follow reservation systems; the users’ 
adoption of Internet booking should be increased by designing reservation websites 
which create an environment characterized by usefulness and user-friendliness [4]. In 
evaluations of tourism websites, hotels received most attention [5]. 

Key element of a reservation is an assignment of an object to a time interval; thus, 
in reservation systems the proper management of temporal data is of high relevance 
[6],[7]. Good practices for handling temporal data include the usage of style guides, 
screen design guidelines, and repositories of reusable interface designs [8],[9]. It is 
remarkable that many flight reservation systems are far away from best practices for 
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handling temporal data [10]. Based on previous research on handling temporal data in 
OHRS [8] and airline reservation systems [10], we define 10 basic requirements and 
14 sub-requirements for handling temporal data in OHRS. If necessary, a justification 
is given. Fulfilled requirements should lead to a system behavior which is convenient 
and does not annoy or stress the users. We show to which extent OHRS in Austria and 
Switzerland satisfy these recommendations.  

2 Requirements for Handling Temporal Data 

A booking system uses at least two of three temporal elements [start date (ts), end date 
(te), and duration (d)]. We focus on systems offering date entry by dropdown menus 
and/or calendars, the latter typically given in rectangular form for a single month, and 
do not analyze date entries by keyboard for which the systems may behave dif-
ferently. If a system uses dropdown menus to present calendars, we evaluate its 
calendar functionality. Finally we assume that the hotel does not offer “day rooms”, 
i.e. that te > ts resp. d > 0. 

We distinguish between requirements to be fulfilled at entering temporal data ini-
tially and those for modifying them.  

2.1 Requirements for Entering Original Temporal Data 

─ R1: The system should allow only the entry of feasible dates.  

Justification: The user should not be offered a data entry in calendars and/or drop-
downs which will result in infeasible dates and accompanying error messages. If 
“Selection Not Entry” is recommended [11], it is unacceptable from an “Error 
Engineering” perspective to offer infeasible data for selection. 

The rather abstract requirement R1 is refined in a two-step procedure to 6 sub-re-
quirements R1.i which explain the causes of infeasibility. In Table 1 we distinguish 
systems that allow entering ts and te from those allowing to enter ts and d. OHRS 
usually constrain the length of the reservation D and observe the last day Te for which 
a reservation is allowed; e.g., typically one can neither book for 100 nights in 2013 
nor for 3 nights in 2016. 

Table 1. First-Step Refinements of Requirement R1 

Requirement Entry of ts and te Entry of ts and d 

R1.1: The reservation cannot start in the past ts ≥ today ts ≥ today 

R1.2: The reservation must start before the latest bookable day ts < Te ts < Te 

R1.3: The reservation must not end after the latest bookable day  te ≤ Te ts+d ≤ Te 

R1.4: The end date of the reservation must be after the start date ts < te d > 0 
R1.5: If the length of a reservation is restricted, entering an 

overlong reservation should not be allowed or an 
immediate error message should appear 

te – ts ≤ D d ≤ D 

 



 Fulfilled and Missed Requirements for Online Reservation Systems 223 

R1.4 can be refined as follows: 

• R1.4.1: If a calendar month is offered for entering te, the calendar shown should 
fade-out (cross-out) all days before ts+1. 

• R1.4.2: If a dropdown menu is offered for entering te, the system should not 
offer the selection of dates before ts+1. 

If more than one dropdown is used, for evaluating R1.4.2 the year must be properly 
selected before the month and the month before the day. 

The option of entering all three temporal elements ts, te, and d seems user-friendly 
only at first sight. We formulate 

─ R2: If the three elements ts, d, and te can be entered, the third element should be 
automatically calculated after the entry of two elements.  

Justification: Otherwise the user could enter inconsistent data.  

─ R3: If a calendar month is shown for entering ts, the user should have direct access 
to all months for which a booking is allowed. 

─ R4: If a calendar month is shown for entering te, the calendar displayed initially 
should be the month to which the day ts+1 belongs.  

Justification for R3 and R4: Convenience for the user who should not be forced to 
move stepwise to the relevant calendar month. 

2.2 Requirements for Modifying Temporal Data 

─ R5: The system should allow the user to modify dates.  

Justification: The user may not be sure about the reservation period and consider 
several options. Furthermore, many systems initialize the entry fields, e.g., with 
ts=today and te= ts+1, making modifications inevitable.  

When temporal data are modified, additional requirements for avoiding infeasibility 
exist. 

─ R6: The system should allow only modifications of temporal data that result in 
feasible reservation periods.  

This requirement can be refined as follows: 

• R6.1 If the user postpones ts and tsnew ≥ te or  
• R6.2 if the user prepones ts for a “long period” and te – tsnew > D,  

the system should not allow the modification of ts, give an immediate error 
message, or blank te.  

Justification: R6.1 is related to R1.4 and R6.2 to R1.5. Both changes result in in-
feasible data. The system should avoid doubtful assumptions about the intentions of 
the user and avoid guesses such as tenew = te + tsnew – ts or tenew = tsnew + 1.  
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A blank field will draw the attention of the user to this data element and he will not 
fall into a system-provided trap. A context-related error message should be  
considered. 

• R6.3 If the user prepones te and tenew ≤ ts, or 
• R6.4 if the user postpones te for a “long period” and tenew – ts > D,  

the system should not allow the modification of te, give an immediate error 
message, or blank ts.  

Justification: Analogous to the justification above: R6.3 is related to R1.4 and R6.4 to 
R1.5. Both changes result in infeasible data. The system should avoid guesses such as 
tsnew = ts + tenew – te or tsnew = tenew – 1. As above, a context-related error message 
should be considered. 

The date modifications below result in feasible reservation periods. But we again 
recommend that the system should not guess user intensions after modifying one of 
the temporal elements.  

─ R7: If the user modifies ts or te, the system should blank te or ts, respectively. 

For modifications of ts: 

• R7.1 If the user prepones ts for a “short period” and te – tsnew ≤ D, or 
• R7.2 if the user postpones ts and tsnew < te,  

the system should blank te.  

Justification: Blanking the field avoids assumptions about the intentions of the user 
and doubtful guesses. This procedure is less error-prone than automatic adjustments 
because the user is forced to redefine the booking interval. If the field is blanked, a 
context-specific message should be considered.  

For modifications of te: 

• R7.3 If the user postpones te for a “short period” and te new – ts ≤ D, or 
• R7.4 if the user prepones te and tenew > ts,  

the system should blank ts. 

Justification: Analogous to above.  
No specific requirements for modifying the duration d by dropdowns must be for-

mulated if R1.4 and R1.5 are fulfilled. 

─ R8: If the three temporal elements ts, d, and te appear on screen, only two of them 
should allow modifications; the third element should not be modifiable and be 
automatically recalculated. 

Justification: If one data element of a feasible data triple is modified, the system 
should not make a doubtful assumption which of the other two elements has to be 
adjusted. Together with R2 this implies that different web pages or at least different 
forms must be used for data entry and modifications. 

─ R9: If the user modifies non-temporal data (e.g., double bed room instead of single 
bed room), the system should keep the previously given temporal data.  
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Justification: Convenience for the user who may be annoyed if he has to reenter 
temporal data already entered. 

2.3 General Requirement 

─ R10: If the user enters infeasible data, the system should react with a context-spe-
cific message.  

Justification: Users should be given clear hints why the system cannot make a res-
ervation (in particular for R1.5 because D is typically not made explicit). This is also 
true if the system blanks data fields (cf. R6 and R7).  

3 Empirical Study 

3.1 Objects Investigated 

We analyzed hotels in Austria and in Switzerland which have 3 or more stars accord-
ing to local hotel classifications (maximum: 5 stars) and are located either in middle-
sized cities (Graz and Linz in Austria; Basel and Bern in Switzerland) or resorts 
(Villages in the famous skiing resorts of the Arlberg region for Austria and Zermatt in 
Switzerland). The sample has been selected with the goal to obtain a similar number 
of hotels offering an OHRS in Austrian and Swiss cities as well as in cities and  
resorts. Online Travel Agencies were not considered in the analysis. All tests were 
executed by using the Firefox browser; however, if the OHRS did not function with 
Firefox we also tried the Internet Explorer. 

In April 2012, of the 376 hotels fulfilling the criteria, 155 hotels (124 in Austria, 31 
in Switzerland) did not provide an OHRS (but offered an e-mail address or an inquiry 
form). Unless a few exceptions, all hotels show an e-mail address, whereas not all 
hotels with an OHRS also offer an inquiry form. 5 hotels were not considered since 
they did not allow modifications of temporal data and 10 could not be evaluated be-
cause of unknown system problems. Thus, our analysis considers 206 hotels in four 
groups (resulting from Austria/Switzerland and cities/resorts). Table 2 shows the 
number of hotels per group and those providing OHRS. The percentage of hotels with 
OHRS in Switzerland (76%) is significantly higher than in Austria (39%); city hotels 
(68%) provide more often OHRS than resort hotels (46%). 

Table 2. Numbers of 3-5 Star Hotels and Availability of OHRS 

        Group 
Country  

All 
Hotels 

All Hotels 
with OHRS 

City 
Hotels 

City Hotels 
with OHRS 

Resort 
Hotels 

Resort Hotels 
with OHRS 

Austria 216  85 (39%)  75   37 (49 %) 141   48 (34 %) 

Switzerland 160 121 (76 %)  74   64 (86 %)  86   57 (66 %) 

Sum 376 206 (55 %) 149 101 (68%) 227 105 (46%) 
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3.2 Tests  

Some OHRS allow date entry immediately at the home page and link to another page 
where more detailed booking information can be entered. In this case we tested the 
latter one which is typically more elaborated. We found no system in which the user 
cannot enter the start date. When testing data modifications, we first entered feasible 
temporal data; afterwards these data were modified to test the fulfillment of the 
requirements formulated in Section 2.2. In the tests we recognized that in particular 
resort hotels often employ systems from a certain provider (25 of 48 hotels in the 
Arlberg region use a Feratel system and 31 of 57 hotels in Zermatt use a Reconline 
system). Some differences between fulfillments of the requirements must be attributed 
to this fact. 

3.3 Results 

Table 3 shows the fulfillment of the requirements by different groups of hotels. The 
differences between the procedures for handling temporal data affect the number of 
requirements that are relevant for the systems; e.g., if only ts and d can be entered, 
requirements for entering and modifying te are irrelevant. Thus, the populations of the 
hotels evaluated per requirement partially differ. For each group we give three num-
bers: The relevant population size per group, the number of systems fulfilling the  
requirement, and the related percentage (rounded).  

Table 3. OHRS fulfilling the Requirements 

Req. All relevant 
Hotels 

                       % 

Hotels in  
Austrian Cities 
                       % 

     Hotels in 
     Austrian 
     Resorts   % 

Hotels in  
Swiss Cities 

                     % 

Hotels in  
Swiss Resorts 
                     % 

R1.1 206 116 56 37 20 54 48 34 71 64 43 67 57 19 33 

R1.2 206 89 43 37 17 46 48 16 33 64 34 53 57 22 39 

R1.3 206 89 43 37 17 46 48 16 33 64 34 53 57 22 39 

R1.4.1 144 15 10 31 5 16 12 3 25 49 4 8 52 3 6 

R1.4.2 34 7 21 8  3 38 13 1 8 8 3 38 5 0 0 

R1.5 198 71 36 30 14 47 47 3 6 64 40 63 57 14 25 

R2 78 78 100 5 5 100 2 2 100 26 26 100 45 45 100 

R3 177 42 24 31 6 19 37 3 8 57 20 35 52 13 25 

R4 144 98 68 31 27 87 12 8 67 49 43 88 52 20 38 

R5 211 206 98 38 37 97 48 48 100 67 64 96 58 57 98 

R6.1 168 4 2 34 2 6 23 0 0 54 2 4 57 0 0 

R6.2 160 4 3 27 2 7 22 2 9 54 0 0 57 0 0 

R6.3 168 47 28 34 14 41 23 7 30 54 20 37 57 6 11 

R6.4 160 58 36 27 11 41 22 3 14 54 30 56 57 14 25 

R7.i 168 0 0 34 0 0 23 0 0 54 0 0 57 0 0 

R8 78 0 0 5 0 0 2 0 0 26 0 0 45 0 0 

R9 206 200 97 37 36 97 48 48 100 64 59 92 57 57 100 
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The fulfillment of R5 is a condition that the system is included into our analysis. 
The requirements R2 and R9 are fulfilled by (almost) all systems. R9 is better fulfilled 
than in airline reservation systems in which the change of nontemporal data is more 
complex [10]. Contrary, R7 and R8 are not met by any system. 

It is remarkable that all systems which allow entering ts, d, and te fulfill R2 but 
none of them satisfies R8. Typically, the systems guess which of the two other date 
entries has to be corrected. This may result in booking periods which contradict the 
intentions of the users. 

Also R6.1 and R6.2 are often not satisfied. Only the Holiday Inn system blanks the 
te field as required by R6.1 (cf. Fig. 1). Typically the systems guess a new te after ts 
has been changed. Only four systems (of Austrian hotels) reject the entry of ts if the 
user prepones the entry for a long period (R6.2); the other hotels either react by 
guessing an automatic correction or by an unclear error message.  

            

Fig. 1. Example for fulfillment of R6.1 
(http://www.holidayinn.com/hotels/gb/en/reservation/roomrate) 

R6.3 and R6.4 are fulfilled by about one third of the systems; this is not very im-
pressive but far better than the fulfillment of R6.1 and R6.2. If te is inadmissibly pre-
poned (R6.3), the systems used by city hotels react clearly better than those of resorts. 
This is true also for requirement R6.4. A possible explanation of the discrepancy be-
tween R6.2 and R6.4 is that the systems seem to be more confident on ts than on te, 
thus inserting a te which is consistent with ts but not the opposite.  

Low percentages are also found for R1.4.1 and R1.4.2; systems using dropdowns 
fulfill R1.4 a bit better than those operating with a calendar. The other sub-require-
ments of R1 are fulfilled better but also not in satisfying percentages. The main reason 
for this result is that most systems adjust entries automatically in order to obtain a fea-
sible reservation period. For instance, if R1.1 is not fulfilled, systems usually react by 
guessing ts= today.  

Since most systems offer only a sequential access to bookable months, just about 
one quarter of the systems fulfills R3. Swiss hotels more often provide direct access to 
months than the Austrian hotels.  

Requirement R4 is fulfilled quite often because the calendar shown for te usually 
considers the entry of ts. Clear differences in favor of cities’ OHRS exist; the percent-
age for Swiss resorts is comparatively small because many hotels rely on a system 
which does not fulfill this requirement.  

None of the hotels analyzed fulfills the four sub-requirements R7.i. Instead of 
blanking the corresponding date elements, the systems guess corrections of the other 
date element. They  
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(a) adjust the duration of the reservation (i.e. leave tenew = te or leave tsnew = ts), or 
(b) leave the duration of the reservation unchanged (i.e. set tenew = te + tsnew – ts or      

tsnew = ts + tenew – te), or  
(c) define another default duration (often te = ts + 1 or ts = te – 1). 

With respect to R7.1 and R7.2 about two thirds of the hotels use procedure (a), and 
about one sixth applies (b) resp. (c). For R7.3 and R7.4, all systems realize (a). This is 
another indicator that most systems are more confident about ts than te: If the user 
changes te, all systems analyzed keep ts and adjust the duration. 

A hotel trying to maximize its short-term profits could implement procedure (a) if 
the user prepones ts or postpones te and would implement procedure (b) if the user 
postpones ts or prepones te. Such a policy could result in longer booking periods than 
planned by an inattentive user. However, we found no case in which this myopic 
combination of procedures is implemented.  

The fulfillment of R10 cannot be tested in a similar way as the other requirements 
because one would have to distinguish many requirements and analyze the reactions 
for different violations. However, many error messages are not clear in explaining 
why the data is incorrect. In particular, it is surprising that often no informative mes-
sages are given if d > D; this is user-unfriendly since most systems do not inform a 
priori about this constraint.  

4 Some Examples of Flaws 

Some systems [cf. www.dorint.com] do not fulfill R1.1 (ts ≥ today), as shown by 
the following screenshot, taken on 2012-12-13. In addition, the message is not  
context-specific. 

 

 

With respect to R1.2 and R1.3 some systems allow, e.g., entering dates for the end 
of 2014 although a booking is not possible for this year. The screenshot below 
[www.amediahotels.com/cms/index.php?article_id=34&clang=1] 
displays a deceptive error message: If we try to book for November 2014 for k nights, 
the systems wrongly replies that the minimum stay is more than k nights (k=1,2,3,...). 
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Regarding R1.4.1 we found hotels allowing to select te < ts and providing mislead-
ing error messages like “We have no rooms available for the requested period with 
the chosen search criteria“ [http://www.reconline.com/booknow/ 
noresults.aspx] or even a wrong computation of the duration (in this case 361 
days) [http://www.hotel-angela.at/en.html]. 
 

 

5 Conclusions and Outlook 

We formulated requirements for treating temporal data in online hotel reservation 
systems. A few are fulfilled by all systems but many of them are met only by a 
minority of hotels. The percentages of fulfilled requirements are often higher for cities 
than for resorts. Often the systems guess dates; this can result in wrong booking pe-
riods and in unsatisfied travelers.  

These results are disappointing from a Software Engineering point of view. Han-
dling of temporal data seems to be a common sense activity which could be easily 
standardized. However, our results show that many system developers reinvent the 
wheel without using services or patterns and without following specific time related 
requirements. This leads to sometimes frustrating system behavior which may result 
in aborting the intended booking process [12] and in off-line communication in case 
of erroneous bookings. These circumstances may derogate the profitability of the 
hotel and should therefore be avoided. 

Limitations of our study result from the bias which is introduced by the high mar-
ket share of some providers in resort hotels. The properties of these systems signifi-
cantly impact the performance of the group. Therefore, the nonfulfillment of many 
requirements in particular in the Swiss resort hotels is caused by weaknesses of one 
system. We also found that some systems react differently according to the language 
selected (English or German) and according to the browser used.  

Further research could analyze the dynamics of systems’ behaviors. In our analyses 
we found that the systems are quite often modified and, hopefully, adjusted for better 
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usability. One could also compare the usage of OHRS and their maturity in different 
areas, countries, and regions. Another analysis could test whether the quality of the 
hotels (measured by the number of stars) correlates with the quality of handling 
temporal data (cf. [13]). 
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