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ABSTRACT 

Continuous, natural speech input to voice user interfaces 
enables a conversational interaction, but requires sophisti-
cated speech recognition. Recognizing isolated keywords 
requires significantly less training data and computational 
resources. This paper assesses the usability impact of re-
stricting input to isolated words in a voice-only search inter-
face. To do so, we designed, implemented, and evaluated 
continuous speech and isolated word versions of Farmers’ 

Exchange, a voice interface for searching for answers to 
agricultural questions. Task completion rates were compa-
rable between the two conditions, but continuous speech 
was significantly faster. The difference was correlated to 
longer, more specific initial queries given more often with 
continuous speech input. However, more input wasn't al-
ways better; there was an "optimal" query length for Far-
mers' Exchange. Though a slower interface overall, isolated 
word was significantly faster for participants with extensive 
prior experience with search interfaces, suggesting that a 
longitudinal comparison of the two modes would be a 
worthwhile future direction. 
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INTRODUCTION 

When the computing platform is a mobile phone, voice is a 
natural choice as an interaction modality [1]. However, “the 
bane of speech driven interfaces is the very tool which 
makes them possible: speech recognition.” [2].  

This paper compares the usability of isolated word to conti-
nuous speech input in a voice-only search interface. We are 
motivated to evaluate a restricted input style that leads to 
higher accuracy speech recognition, particularly for lan-
guages with limited training resources. We hypothesized 
that, like text-based search, speech queries will naturally 
tend toward a small number of keywords, making a re-

stricted input system comparable to an unrestricted system 
in performance and satisfaction. On the other hand, it is 
possible that the constraints of isolated word input (or, con-
versely, the freedom of continuous speech) would result in a 
difference in performance and/or satisfaction. 

We evaluated the two styles using Farmers’ Exchange, an 
English language voice interface for searching a repository 
of agricultural questions and answers. In our experiment, 
participants had comparable task completion rates in the two 
conditions, but session duration was significantly shorter 
with continuous speech. The difference was correlated to 
longer, more specific initial queries given more often with 
continuous speech. However, more input wasn't always bet-
ter; empty result sets from over-specification were also 
more frequent. Isolated word was significantly faster for 
participants with extensive prior experience with search in-
terfaces compared to those with less experience. This moti-
vates a longer-term comparison of the two modes as a next 
step for this work. 

BACKGROUND AND RELATED WORK 

Commercial speech systems achieve recognition rates of 
95% or more [3-4]. Successful speech recognition for large 
vocabulary, continuous speech requires three linguistic re-
sources: first, a large corpus of speech hand-labeled at the 
phoneme or word level; second, a dictionary of words in the 
language with pronunciations for each word; and third, a 
language model trained on a large text corpus, or grammar 
rules created by a linguist. These linguistic resources are 
readily available in English, French, and Japanese, for ex-
ample. By contrast nearly all of the world’s languages cur-
rently have limited or no linguistic resources. The time, 
money, and expertise required to develop these resources 
represents a practical barrier for enabling large vocabulary, 
continuous speech recognition across many languages [5]. 

Isolated-word recognition requires significantly less tran-
scribed data than continuous speech, and no language mod-
el. Comparing estimates of the training data required for 
large vocabulary, continuous speech recognizers [3, 6] to 
approaches that simplify the recognition task to hundreds of 
isolated words [7] (assuming high accuracy for both), the 
difference can be an order of magnitude.  

Prior research comparing speech input modes has produced 
varying results depending on the task being studied. In a 
study comparing continuous, isolated word, and touchtone 
input for entering digit sequences, user preference favored 
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continuous input and touchtone over isolated word [8]. In a 
comparison of touchtone to flexible dialog input on a 
voicemail management application, there were no signifi-
cant differences in completion time, task completion, or user 
preference [9].  

In the domain of text-based Web search, research has ex-
amined query formulation and specification (see [10] for a 
list, or [11] for a survey). Three observations come up re-
peatedly: most people use few search terms; infrequently 
view pages and iterate queries; and rarely use advanced 
search features. Studies of web search conducted between 
1997 and 2005 report an average query length ranging from 
2.4 to 2.8. While there is a slight upward trend, 75% of que-
ries remain three words or less [12]. This note investigates 
search behavior in a voice interface. 

FARMERS’ EXCHANGE 

The platform for this study, Farmers Exchange, is a voice 
search interface for agricultural information. Our fieldwork 
suggests that effective, telephone-based information access 
holds great appeal for farmers. A voice-based interface of-
fers access in outdoor work environments, using technology 
many farmers user already. If translated into Spanish, 
Hmong, Chinese, and other languages, Farmers Exchange 
could also address the communication gap between local 
support institutions and non-English speaking farmers.  

We developed Farmers Exchange in partnership with the 
National Sustainable Agriculture Information Service 
(ATTRA) [13]. The Farmers' Exchange database has over 
300 English questions and answers excerpted from a larger 
repository   maintained by ATTRA. We integrated Nuance's 
Dragon Naturally Speaking [4] speech recognizer to interp-
ret speech queries. The system returns matches based on a 
full text search of the question and answer corpus. 

During the parsing process, the dialog engine removes all 
ancillary words (such as “I”, “wonder”, or “about”) from the 
user’s input, leaving only content keywords. It then speaks 
these back to the user to verify that they were recognized 
correctly. This interactive feedback helps maintain common 
ground. 

Farmers Exchange searches its database with a logical con-
junction of the query’s keywords. The system responds in 
one of three ways. If the search produced three or fewer 
matches, those are presented to the user for listening. If 
there are more than three results, Farmers’ Exchange 
prompts the user to provide further input to narrow them to 
three or fewer. Three results was chosen as a threshold 
based on previous research on optimal branching factors for 
phone trees [14]. If the user does not respond within a speci-
fied time window, the system proactively suggests addition-
al keywords. When the result set has been sufficiently nar-
rowed, the caller may listen to the questions and answers.  If 
the search produced no results, the system asks the user to 
go back a step in the refinement process (if possible), start 

their search over, or submit their question to agricultural 
specialists (like ATTRA) by recording it directly. Figure 1 
shows a sample dialog.  

PARTICIPANTS AND METHODOLOGY 

Fourteen farmers participated in this experiment; all spoke 
English. Farming experience varied from 2 years to 54 
years, with a median of 22 years. The study was conducted 
in participants’ homes, typically in a quiet room. Sessions 
were audio and video recorded. System logs recorded rec-
ognized input, keywords identified, hierarchy options se-
lected, and navigation within results.  

The experiment had a within-subjects design. Before inte-
racting with each treatment, users were given a tutorial of 
the system via a hypothetical dialog between the system and 
a user acted out by two researchers. Treatment and task or-
der were randomly assigned to each participant. For each 
treatment, the participant was given 3 tasks to complete, one 
at a time. The experimenter presented each task orally, read-
ing from a script. Task descriptions consisted of some gen-
eral information to set up the scenario, followed by a specif-
ic information retrieval request.  

"You are a strawberry producer in California and are hav-

ing weed problems in your rows. You are interested in be-

coming organic, so you don't want to use chemicals. Come 

up with two weed control options for organic strawberry 

production."  

Participants were told that the system may not contain the 
answers for completing all tasks, though in actuality the 
specific information needed for all 6 tasks was present. Us-
ers ‘finished’ a task when they were satisfied they had found 

 FE: Welcome to Farmer's Exchange! Please say your 
question, or hold for suggestions. 

User: I’m looking for information on goat dewormers. 
 FE: You asked about goat; and dewormers…. is that cor-

rect? 
User: Yes. 
 FE: I found 4 results that match your query. Please pro-

vide more detail to narrow your results, or hold for 
some suggestions. 

User: <no input> 
 FE:  Okay, here are some suggestions: drugs; pasture; or, 

poultry. 
User:  Drugs. 
 FE: You asked about drugs… is that correct? 
User:  Yes. 
 FE: Okay, I found 3 results that match your query. Thefirst 

result is ‘What information can you provide on organic 
dewormers for meat goats?’.Would you like to play 
the answer, go to the next question, or go back? 

User: Play. 
 FE: Ok, here’s the answer… 

Figure 1  A sample interaction with Farmers’ Exchange. The 
isolated word version of the system only differs in the initial 
prompt, which asks for keywords separated by pauses. 



the correct information, had submitted their question, or had 
given up.  

RESULTS 

Our 14 participants completed a total of 84 required tasks, 
as well as 9 additional tasks asking their own questions. We 
discarded two of the required sessions due to glitches in our 
prototype. In the following sections, we include data from 
the 91 remaining sessions, except where noted. 

There was no significant difference in task completion rate 
between the two treatments. 70% of the required isolated 
word sessions were successful, compared to 67% for conti-
nuous speech.  

Despite comparable completion rates, the time it took to 
complete those tasks varied significantly between the two 
conditions. For continuous speech, average session duration 
was 102.2 seconds per session, while with isolated word it 
was 131.6 seconds (p < 0.03). The number of exchanges (us-
er input followed by a system output) was 8.3 for conti-
nuous speech versus 10.9 for isolated word (p < 0.05).  

The difference in duration was correlated to the number of 
keywords users provided in their initial queries. On average, 
continuous speech sessions yielded 49% more keywords in 
the initial query than with isolated word (see Figure 2). The 
additional keywords led to a 20% reduction in the number 
of exchanges required to obtain an answer. In 48% of conti-
nuous sessions, participants were able to reach a correct an-
swer after just one input (i.e., no further refinements were 
required). In contrast, only 33% of isolated word sessions 
succeeded after a single input (p < 0.04). 

Users who provided 4 keywords in their initial query 
reached an answer the fastest (see Figure 3). Overall, the to-
tal number of keywords provided by the end of a successful 
session, including refinement steps, was 4.9. This suggests 

that the optimal number of keywords needed for obtaining 
an answer in Farmers’ Exchange was about 5. 

Isolated word users usually provided too few keywords; on 
average, 2.7 keywords in the initial query. As a conse-
quence, they had to iterate on their search (on average, 
twice) by providing more keywords. In contrast, continuous 
speech users said significantly more keywords in their initial 
queries, with an average of 4 (p < 0.001). However, verbosity 
also worked against them; continuous speech users often re-
ceived no results because their queries were too specific. 
61% of continuous speech sessions resulted in at least one 
empty result set from the system, compared to only 30% of 
isolated word sessions (p < 0.03). Consequently, continuous 
speech users restarted more often than isolated word users: 
24% of continuous speech sessions included at least one res-
tart, versus 10% for isolated word sessions (p < 0.03).  

Despite differences in the number of keywords uttered in the 
two conditions, which keywords were uttered was not af-
fected. Of the 172 unique keywords uttered overall, 48 were 
common to both treatments. 82 of the remaining keywords 
were unique to the continuous speech treatment (63% of all 
continuous speech words), and 42 unique to isolated word 
(47% of isolated word words). This difference appeared to 
be largely the result of population variability; a test of varia-
tion within each treatment showed similar percentages when 
sample size was held constant. 

In a series of Likert-scale questions, participants showed a 
significant overall preference for continuous speech over 
isolated word input. Users perceived continuous speech as 
being more pleasant, fun, effective, and easy to use than iso-
lated word (p < 0.03).  Notably, some users preferred conti-

 

Figure 2: Continuous speech elicited more keywords 
than isolated word input. 

 

Figure 3: Users who initially provided four keywords 
reached an answer the fastest. 



 

nuous speech even though they completed more tasks suc-
cessfully using isolated word.  

While continuous speech sessions had a faster completion 
time on average, the very fastest completion times occurred 
with isolated word input. Of the ten fastest sessions, half 
were with isolated word, including the top three. These ses-
sions were with users with the most experience using the In-
ternet (and presumably search engines). As a group, they 
performed tasks significantly faster than less experienced 
users, and they also completed significantly more tasks with 
both interfaces. These results indicate that experience can 
make up for efficiency lost through restrictive isolated word. 

DISCUSSION 

Our main motivation for comparing continuous speech to 
isolated word input was to determine the usability and per-
formance tradeoffs of simplifying the speech recognition 
task for voice search interfaces. The results showed that 
constraining the input to isolated word did not affect the 
ability to successfully retrieve search results, but it did have 
a negative impact on the speed of completing tasks, which 
could have a detrimental effect on user satisfaction. There 
was a strong positive correlation between a user’s preferred 
input condition and the condition they completed more 
quickly (r = 0.4). 

On the other hand, results showed that in the hands of expe-
rienced web searchers, isolated word input can yield faster 
task completion times, owing to the brevity of isolated word 
input and the ability for experienced users to provide more, 
higher quality keywords than novices. The impact of exper-
tise on search behavior in the text-based search engine has 
been well-reported [10-11, 15]. Our study in the voice 
search domain confirms the prior result that search expe-
rience determines query quality, which ultimately deter-
mines their success. 

Given the potential of isolated word input as a superior in-
put mode for experienced searchers, an interesting next step 
to this experiment would be to study search behavior with 
users over an extended period of time. If an isolated word 
search interface does not frustrate novice users early on, the 
long-term performance could be comparable to an uncon-
strained system. 

CONCLUSION 

In this study we compared continuous speech to isolated 
word input for a voice search interface. We found that there 
was no difference in task completion between the two sys-
tems overall. However, continuous speech input led to users 
specifying more search terms in their initial query, which 
correlated to significantly faster searches. Isolated word in-
put yielded significantly shorter queries and slightly fewer 
unique keywords. However, isolated word session duration 
was significantly shorter for participants with extensive 
prior experience with web search interfaces. This motivates 

a follow-up study of search behavior over a longer time pe-
riod. 
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