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Abstract. A 2x2 mixed design experiment (N=52) was conducted to examine the 
effects of search interface and task complexity on participants’ information-
seeking performance and affective experience. Keyword vs. natural language 
search was the within-participants factor; simple vs. complex tasks was the be-
tween-participants factor. There were cross-over interactions such that complex-
task participants were more successful and thought the tasks were less difficult 
and reported more enjoyment and confidence when they used keyword search vs. 
natural language queries, while the opposite was found for simple-task partici-
pants. The findings suggest that natural language search is not the panacea for all 
information retrieval tasks: task complexity is a critical mediator. Implications 
for interface design and directions for future research are discussed. 

1   Introduction 

From punch cards to keyboards to graphical participant interfaces (GUIs) to voice 
participant interfaces (VUIs), interfaces have evolved to allow increasingly intuitive 
and natural interactions between participants and computers. Among all the break-
throughs and improvements, the use of natural language (NL) as a means of input and 
output during human-computer interaction (HCI) is one of the most-researched areas.  

One of the potential participant benefits afforded by NL technologies is the reduc-
tion in the need for learning and training. The promising future of NL-based conver-
sational interfaces (especially with the presence of computer agents) has been widely 
lauded by visionaries such as Brenda Laurel [1]. Although no one has yet to be able to 
claim complete success in natural language generation and processing, progress is 
continually being made. From text-based software agent (e.g., MicrosoftTM Clippy) to 
speech-recognition customer services automation (e.g., United Airlines’ flight infor-
mation hotline), NL-based technologies have advanced into many areas of daily life.  

With the explosion of information brought by the Internet and computers in differ-
ent forms and sizes, information retrieval has become an integral part of modern life in 
the information age, demanding participant-friendly and efficient interfaces. In order to 
provide better search experience for average participants, researchers have applied 
natural langauge processing (NLP) technology to building information retrieval sys-
tems [2-6]. However, usability studies concerning seeking and interacting with infor-
mation have focused on keyword search (KW) rather than natural language [7-16].  
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In this paper, we present a laboratory experiment to examine and compare the us-
ability of two kinds of search interfaces: natural language and keyword search. The 
study explores how performance limitations of NLP affect participants’ perceptions of 
and preferences for search interfaces. We are especially interested in how task com-
plexity affects participants’ interaction with information retrieval interfaces.  

In the following sections we lay out our experimental design, describe our meas-
ured results, offer a discussion of findings, and conclude with design implications.  

2   Method 

2.1   The Two Interfaces 

To ensure that participants would be performing a well-established and typical infor-
mation acquisition activity, we decided to study interfaces used to obtain frequently-
asked information on buying and selling from eBay, which is one of the most success-
ful commercial websites on the Web. Although help with eBay is provided from a 
single database (enabling us to control content), there are two interfaces for searching 
the database: My eBay Buddy and eBay Help website. Thus, similar queries will 
obtain the same answer from both interfaces. Figure 1 shows these two interfaces side 
by side. 

      

Fig. 1. Screenshots of AIM chat window with My eBay Buddy, and the eBay Help website 

My eBay Buddy [17] is a natural language agent provided to AOL Instant Messen-
ger (AIM) participants who can add My eBay Buddy to their buddy lists and chat with 
it to acquire information. Participants can ask open-ended questions; answers are 
provided by My eBay Buddy in a conversational manner. Similar agents include 
AgentBaseball, EllegirlBuddy, and SmarterChild.  

The eBay Help website involves a classical keyword-based search paradigm, and 
returns results in a typical list of ranked links. 
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2.2   Search Tasks  

Participants were given either complex or simple search tasks to find information 
about buying or selling items on eBay. We pre-tested the complex and simple tasks to 
ensure that the difficulty of each task was appropriate. The complex tasks were de-
signed to be difficult to accomplish after a single query. In most cases participants had 
to search for and integrate information about two or more aspects of the eBay ser-
vices. For example, one complex task was to find out how much one had to pay eBay 
if s/he were selling a $35 item. To come up with the right answer, participants had to 
learn about listing fee, final value fee, and the eBay picture service fee.  

The following are four examples of the eight complex tasks: 

- Please find out if it is legal to place a bid right before the auction closes. 
- Please find out what you should do if you don’t want a certain person to bid on 

your item. 
- Please find out how one can tell if a seller is reliable. 
- Please find out what happens if the buyer doesn’t pay you. 

On the other hand, the simple tasks could normally be accomplished after a single 
query. To ensure that the net time on task was the same for all complex and all simple 
tasks, there were 20 simple tasks. Pretests indicated that people completed simple 
tasks 2.5 times faster than complex tasks. 

The following are example simple tasks: 

- Please find out what the gift icon means. 
- Please find out what the most popular categories of eBay items are. 
- Please find out what the PIC icon means. 
- Please find out what the different colored stars mean. 
- Please find out if it is possible to take back a bid. 
- Please find out what the difference is between "proxy" and "maximum" bids. 

2.3   Participants  

College students (N=52) from an introductory communication class participated in the 
experiment for course credit. All participants were native speakers of English. Partici-
pants were randomly assigned to task complexity, with gender balanced. None of the 
participants had ever sold anything or bought more than three items on eBay.com. 
Experiences with AIM were balanced across conditions. All participants signed in-
formed consent forms upon arrival at the lab and were debriefed upon the completion 
of the experiment. 

2.4   Procedure 

The experiment was a 2x2 mixed design, with task complexity (simple vs. complex) 
as the between-participants factor and search interface (keyword vs. natural language 
search) as the within-participants factor. Participants performed all tasks in a research 
laboratory equipped with personal computers. Upon arrival to the laboratory, each 
participant was seated and assigned to a computer with both Internet Explorer and 
AIM.  
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Participants read instructions on screen. Half of them were given a list of 20 simple 
tasks; the other half received a list of 8 complex tasks. Half of the participants with 
each type of task performed the first half (10 or 4) of their tasks using My eBay 
Buddy (i.e., NL) and the second half (10 or 4) of tasks using eBay Help website (i.e., 
KW); other participants with each type of task used the two types of interfaces in 
reversed order.   

Participants typed in an answer when they thought they had successfully accom-
plished a task. Upon finishing all tasks, participants responded to several questions 
about their search experiences. Finally, participants were asked to imagine finishing 
six search tasks. There were two tasks for each of three levels of complexity: high, 
medium and low. They were all common tasks, such as booking flight tickets, finding 
out the movie listing in a nearby cinema, and getting a stock quote. 

2.5   Measures 

Actual performance was the percentage of tasks participants successfully finished. 
Perceived performance was the percentage of tasks participants believed that they had 
successfully accomplished. Time on task was the average amount of time spent on 
each task.   

Questions concerning perceived task difficulty, enjoyment of task, and confidence 
with search interface were asked for each task. Participants used radio buttons to 
indicate their responses for these questions. Each question had an independent, 10-
point Likert scale. Perceived task difficulty was an average across task of responses to 
the questionnaire item, “How difficult did you feel the search was?” Enjoyment was 
an average across tasks to the questionnaire item, “How enjoyable did you find the 
search?” Confidence was an average across tasks of responses to the questionnaire 
item, “How confident were you with your answer?” 

For each search task participants imagined to perform, participants indicated how 
difficult it would be when using NL and using KW. The questions were answered on 
10-point Likert scales anchored by “Very Difficult” (=1) and “Very Easy” (=10). 

3   Results 

3.1   Manipulation Check 

Time to finish the complex tasks and the simple tasks were recorded during the study. 
Consistent with the pre-test, each complex task took approximately three times longer 
to finish than did each simple task for both KW [F(1, 24)=107.6, p<.001] and NL 
searches [F(1,24)=55.6, p<.001; see Table 1]. There was no statistical difference for 
time on task between the two search interfaces (p>.05). 

Table 1. Time on task 

(minutes) NL Mean (SD) KW Mean (SD) 
Simple 1.21(0.23) 1.33 (0.41) 
Complex 3.8 (0.94) 4.17 (0.84) 
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3.2   Actual vs. Perceived Search Performance 

Figure 2 and 3 show results for actual and perceived performance. There was a sig-
nificant interaction between task complexity and search interface for both actual 
[F(1,50)=26.5, p<.001] and perceived [F(1,50)=31.4, p<.001] performance. Complex 
task participants were more successful and perceived themselves to be more success-
ful with KW rather than NL interface. Conversely, simple task participants were more 
successful and also perceived themselves to be more successful with NL rather than 
KW interface.  
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Fig. 2. Actual performance 
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Fig. 3. Perceived performance 

There was also a main effect for task complexity on performance: simple task par-
ticipants had better performance than complex task participants [Msimple=89% vs. 
Mcomplex=62%, F(1,50)=50.1, p<.01]. Compared with complex task participants, sim-
ple task participants also believed that they had more successes [Msimple=93% vs. Mcom-

plex=76%, F(1,50)=41.6, p<.01]. 
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3.3   Perceived Task Difficulty, Enjoyment of Search Experience, and Confidence 
with Answers 

Perceived Task Difficulty. Participants’ perception of task difficulty was first 
assessed without including performance as a covariate. There was a significant 
interaction effect between task complexity and search interface [F(1,50)=105.0, 
p<.001]. Complex task participants thought that KW made the tasks easier to perform 
than did NL; conversely, simple task participants thought NL was easier to work with 
than was KW (see Figure 4). High complexity tasks were perceived to be more 
difficult than were low complexity tasks (Msimple=3.20 vs. Mcomplex=4.95, 
F(1,50)=36.4, p<.001), but this was expected. No main effect of perceived difficulty 
was found for search interface [F(1,50)=.917, p>.34].   
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Fig. 4. Perception of difficulty 

We re-examined the perceived difficulty data with actual performance as a covari-
ate. The analysis reaffirmed our finding of an interaction effect between task com-
plexity and search interface on perceived difficulty [F(1,50)=28.95, p<.001]. That is, 
even after adjusting for actual performance score, keyword search was perceived as 
more effective for complex tasks and less effective for simple tasks.    

Enjoyment of Search Experience and Confidence with Answers. Participants’ 
enjoyment of search experience and confidence with answers were analyzed. Table 2 
presents the means and standard deviations.  

There was a cross-over interaction between interface and task complexity with re-
spect to enjoyment of search experience [F(1,50)=47.6, p<.001]. Complex task par-
ticipants found using KW to be more enjoyable than using NL, while simple task 
participants reported the opposite.  The effect remained after controlling for actual 
performance [F(1,50)=19.9, p<.001]. No main effect was found for search interface 
on participants’ enjoyment of search experience [F(1,50)=2.01, p>.05]. Overall, com-
plex task participants found the tasks to be less pleasant than simple task participants 
[Msimple=5.87 vs. Mcomplex=4.75, F(1,50)=5.61, p<0.05], and this was expected. 

There was also an interaction with respect to the participants’ confidence with their 
answers (even after controlling for actual performance). Complex task participants 
were more confident using KW, while simple task participants were more confident 
with NL interface [F(1,50)=70.9, p<.001; control: F(1,50)=13.1, p<.001].  
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Table 2. Perceived enjoyment and confidence 

   Complex Tasks Simple Tasks 
 NL Mean 

(SD) 
KW Mean 

(SD) 
NL Mean 

(SD) 
KW Mean 

(SD) 
Enjoyment 4.07 

(1.36) 
5.43 

(1.59) 
6.9 

(1.71) 
4.84 

(1.83) 
Confidence 5.84 

(1.72) 
8.03 

(1.42) 
8.71 

(0.81) 
7.65 

(1.24) 

Participant were more confident with their answers while working with KW search 
than with NL queries [F(1,50)=8.56, p<.01]. Interviews with participants during de-
briefing sessions concerning confidence are discussed in the following section. Not 
surprisingly, complex task participants felt less confident than did simple task partici-
pants [F(1,50)=15.4, p<.001]. 

3.4   Anticipated Search Interfaces 

When participants were instructed to imagine finding answers to six search tasks with 
either the NL or KW interface, their indications of task difficulty confirmed our cate-
gorization of complexity, F(2,102)=4.34, p<.05. As shown in figure 5, high complex-
ity tasks were viewed as more difficult than medium and low complexity tasks, and 
medium complexity tasks were viewed as more difficult than low complexity tasks 
[high vs. medium: t(51)=4.06, p<.001; high vs. low:  t(51)=5.17, p<.001; medium vs. 
low: t(51)=2.50, p<.05].  

There was an interaction between task complexity and choice of search interface 
[F(1,50)=8.20, p<.01] (Figure 5).  Post-hoc tests indicated that for medium and high 
complexity tasks, participants preferred KW over NL, t(51)=2.31, p<.05, and 
t(51)=2.62, p<.05, respectively; such preference was not reported for low complexity 
tasks. 
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Fig. 5. Perceived difficulty for anticipated search questions 
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4   Discussion 

The present study suggests that the selection of search interface has important and 
systematic effects on participant performance and perceptions. However, these effects 
are conditioned by the complexity of search task and the nature of queries. The gen-
eral pattern we found was that NL interface was better (in both reality and perception) 
than KW interface for simple search tasks, while KW was better (in both reality and 
perception) than NL for complex search tasks. The type of search interface had no 
direct effect on either perceived task difficulty or enjoyment, although participants 
were in general more confident with KW than with NL search interface. During de-
briefing, several participants said that they felt more confident with KW because they 
had browsed pages or links that gave them peripheral affirmation. It is important to 
note that although there was no difference in terms of actual search performance, 
participants believed that they obtained more correct answers by using the KW inter-
face than the NL interface. 

4.1   Task Complexity Effect and Implications 

One clear problem with NL search interfaces is that even high-quality NL systems 
often fail to understand what users are trying to ask.  In the present study, this was 
true for almost all NL dialogs (i.e., with My eBay Buddy) that involved complex 
tasks.  When My eBay Buddy could not understand the participant, it would generally 
ask clarifying questions. Unfortunately, the clarifying questions tend to reveal even 
deeper misunderstandings.  Following is a sample dialogue between a participant and 
My eBay Buddy:  
 

Participant: ok, tell me about your links 
My eBay Buddy: What is About Me? A page that tells other eBay participants 

about yourself. 
Participant: I'm asking for links for help 
My eBay Buddy: You are asking for links for help, huh? 
Participant: ahhhhhhh! 
My eBay Buddy: You typed a very weird thing. What's "ahhhhhhh" supposed to 

mean? 
Participant: I'm frustrated at you! 
My eBay Buddy: For real? 
Participant: for real!!!!! 
My eBay Buddy: That right? 
Participant: ok... where can I get more help, apart from you? 
 
In human-human conversations, people adjust their communication strategies by 

asking and responding to questions in order to establish shared understandings, a 
process known as “grounding.” [18]. When a computer agent tries to use language as 
a real person would, participants likely raise their expectations of the agent’s ability to 
understand. Some previous research [19, 20] has suggested that participants may say 
things more freely when they have high expectations of the agent as compared to 
lower expectations. The freer utterances from the participant consequently impose 
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extra burden on natural language processing system. The gap between unconstrained 
participant utterances and the limited understanding capability of NL agent can lead 
to a spiral of failure which frustrates the participant and reduces user satisfaction. 

When using the Buddy in the present study, participants with complex tasks in 
general found it difficult to form concise questions. As a result, they had to ask more 
questions than did simple task participants. Given the limited natural language proc-
essing capability of the Buddy, the more questions participants asked, the more likely 
the Buddy would fail to understand. Also, the more unconstrained the questions were, 
the more likely the Buddy would appear ignorant. It would be very useful if the agent 
were able to constrain user utterances by leveraging the “alignment” phenomenon 
observed in human-human dialogs [21].  

On the other hand, simple tasks allowed the NL agent to understand and to offer 
relevant responses; this led to high levels of participant satisfaction in the present 
study. The following is a sample dialogue: 

 
Participant: what if no confirmation email? 
My eBay Buddy: Do you mean what if I submitted the registration form but didn't  

    get a confirmation email? …… 
 
In fact, during debriefing sessions, several simple-task participants mentioned that 

they thought the Buddy was smart when it asked questions back to confirm its under-
standing of participants’ queries. Under such circumstances, it seemed to be accept-
able for the agent to behave like a human being. 

The above findings suggest that a natural language agent should adapt its response 
style to its confidence level in understanding users’ input. A lower confidence level 
should decrease sentential responses from the system, particularly when there is no 
conversational history maintained by the system.  Large numbers of sentential re-
sponses may mislead the participant to expect the same capability and flexibility as 
they would from a human interlocutor. This raised level of expectation will lead to a 
decreased level of satisfaction with the system when the system continues with more 
sentential responses even after serious misunderstandings occur.   

4.2   Future Research Directions 

In the present study, participants were not given the freedom to choose between the 
two search interfaces. One potential direction for future research is to investigate how 
the choice of search interface, and even the switch between search interfaces in the 
attempts to perform a particular task, influences user performance and perceptions.  
Task performance and perceptions are likely to be different when participants are able 
to switch from one interface to the other if they think that their initial approach is 
ineffective. On the other hand, this might involve duplication of effort. The research 
question here is whether or not combining two search interfaces/methods could pro-
vide a better user experience for information retrieval systems.  

As noted earlier, it is important to understand how the response style of an NL 
agent influences user behaviors and attitudes. Some earlier studies have demonstrated 
that linguistic variations (e.g., sentence length) generated by NL agents may affect 
user input by soliciting alignment (i.e., mirroring) behaviors from users [19, 22]. 
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However, linguistic alignment in human-human conversation is a bi-directional proc-
ess in which two interlocutors converge. How participants would evaluate an aligning 
agent versus a non-aligning agent is still to be explored. On top of that, researchers 
must further determine when and in what ways a computer agent should align with 
the user to achieve or improve user satisfaction. 

4.3   Final Words 

The design of search methodology requires an understanding of the complex interac-
tion between technology, psychology, and context. The present study demonstrates 
that any debate concerning keyword versus natural language for search must be con-
tectualized by the complexity of search task. 
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