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comments on style, and then the rest [F(5,90) = 23.02;
p<.001]. Reviewers identified about the same total number
of problems in both production modes (an average of 30
comments, or about 5 of each type), but mode of
production did influence the type of comments produced, as
indicated by a significant interaction [F(5,90) = 3.22;
p<.05]: In most categories, reviewers in voice mode
produced more comments than reviewers working in text
mode. This pattern is reversed, however, for substance
comments--to a great enough degree that the total number
of comments in the two modes balances out.

Mode of Production

Problem Voice Keyboard Mean
Mechanics 3.0 (4.5) 1.8 (1.5) 2.4
Style 8.3(9.1) 4.6 (4.8) 6.5
Organization 3.9 (6.1) 2.9 (3.8) 34
Substance** 9.0 (6.3) 15.8 (7.2) 12.4
Purpose/Aud.* 3.52.5 1.6 (1.8) 2.6
Other 3.9 (10.6) 2.2 (2.3) 3.1
Mean 5.3 4.8

Table 1. Mean (S.D.) number of reviewer comments by
problem identified (*p < .05; **p <.01)

These results seem in marked contrast to a previous study
of voice vs. written annotations [2; 9]. Although the
coding categories are not directly comparable, in that study,
across modalities, copy-editing annotations (corresponding
to "mechanics") were by far the most frequent. Moreover,
reviewers working in the written modality were more likely
to make more low-level annotations than reviewers in voice
modality while reviewers in voice modality were more
likely to make more global annotations than reviewers in
written modality. The reviewers in the study reported here,
however, included faculty as well as graduate students,
whereas the reviewers in the previous study were all MBA
students. Research in writing processes indicates that less
experienced writers tend to focus on low-level errors when
revising the texts of others [7]. Also, reviewers in the
previous study handwrote rather than typed their written
comments, possibly resulting in an even greater degree of
production difficulty in the written mode [6]. There is
some evidence that, at least for very young writers, focus
on low-level aspects in the composition of original texts
can be shifted to higher-level concerns when they are freed
from the mechanical production difficulties of written
language by being allowed to dictate rather than write [1].
Further research is required to determine whether greater
expertise or technological differences influenced the
reviewers in the current study to produce more comments
on substance in the written mode.

Characterization of Problems. The mode of production
might also affect how reviewers characterize the problems
that they communicate. Previous research indicates that
writers’ characterizations of problems can range from “spare
representations that contain little information about the
problem to richly elaborated diagnoses that offer both
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conceptual and procedural information about the problem”
[7]. Writing, even for mature writers, remains a complex
activity and people often complain they cannot put ideas to
paper fast enough to keep up with their thoughts. Thus,
the mode of production may influence the way reviewers
characterize problems, with reviewers using voice
communicating more elaborated representations and those
using keyboards producing sparer representations.

Although there are many ways comments could be analyzed
for differences in how problems are characterized, research
on persuasion suggests that one important way is whether
or not the comment includes a reason for a recommended
change [cf. 12]. To examine this possibility, annotations
from five subjects in each condition were randomly selected
and coded as to whether or not they contained reasons for a
recommended change. Inter-rater reliability of two coders
on a subset of the data was .71 by Cohen’s Kappa.

While reviewers using voice did not produce a greater
absolute number of annotations with reasons than reviewers
using keyboards (means of 12.8 vs. 9.8 annotations
respectively), annotations with reasons represented a greater
proportion of the total annotations made in voice (59%)
than of the total annotations made with keyboards (28%)
[F(1,8) = 10.57; p<.01]. Taken with the results reported
above, this finding supports the hypothesis that the effort
required to produce a comment influences its length and its
content. Later, we consider whether these differences in the
comments also influence their reception by writers.

Social Nature of the Annotations

Reviewers often use various language mechanisms to
maintain social ties (e.g., techniques to avoid offending
writers). In this section, we review results reflecting the
social quality of the annotations.

Politeness. The production mode of annotations might
affect how politely reviewers communicated problems to
the writers. Politeness mechanisms such as equivocation
and mitigation generally take more words to express than
their unequivocal or unmitigated counterparts. Therefore
the slowness of typing compared to speech might result in
reviewers in the written production mode expressing
themselves in more succinct and unmitigated ways, with
the result that their comments might be seen as less polite.

Annotations were categorized into four levels of politeness:
compliments; mitigated suggestions; direct, unmitigated
suggestions; and impolite comments. Inter-rater reliability
of two coders on a subset of the data was .88 by Cohen’s
Kappa. Table 2 shows the distribution of comments in
these categories as a function of mode of production. We
analyzed the data with a 2x4 repeated measures ANOVA,
with factors production mode and politeness category. The
main effect for politeness was significant [F(3,54) = 40.62;
p<.001]. Overall, subjects produced many more mitigated
and unmitigated problem identifications than rude remarks
or compliments.
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The mode of production did have the expected effect on
politeness, as indicated by a significant interaction [F(3,54)
= 12.47; p<.001]. As illustrated in Table 2, subjects who
produced annotations by voice were more likely to use
mitigated language in identifying problems (p < .05);
subjects who keyboarded were more likely to use
unmitigated language (p < .05).

Mode of Production

Politeness Voice Keyboard Mean
Compliment 2.8 (8.2) 0.5 (0.9) 1.6
Mitigated* 21.0(11.6) 10.6 (4.8) 15.8
Unmitigated* 6.6 (9.5) 16.0 (8.7) 11.3
Rude 0.7 2.2) 0.9 (2.2) 0.8
Mean 7.8 7.0

Table 2. Mean (S.D.) number of annotations as a function
of level of politeness (*p < .05)

Writers' Assessments of Reviewers. With less mitigating
language in their feedback, reviewers working in text mode
might be evaluated less favorably by writers than reviewers
working in voice mode. We examined writers’ subjective
assessments vis-a-vis their reviewers along three
dimensions: perceived competence (e.g., expert-inexpert),
personal integrity (e.g., fair-unfair), and likability (e.g.,
friendly-unfriendly). We focused on these dimensions
because previous research suggested that these perspectives
on the source of an annotation can influence how persuasive
the writer finds the annotation [12].

The mode of production could plausibly affect each of these
factors. Research on the human speech production system
indicates that it is frequently overtaxed, with the result that
speech is filled with errors and unplanned pauses. And
research in persuasion indicates that dysfluencies in delivery
(vocalized pauses such as “uh,” articulation difficulties, and
so forth) may result in lower judgments of the speaker’s
competence, with judgments of personal integrity and
likability unaffected [12]. Research on computer-mediated
communication suggests that reviewers producing
annotations in voice might be perceived as having more
personal integrity and as being more likable than those
producing annotations in writing [cf. 13].

While no significant effect was found for production mode
on writers’ assessment of reviewer competency, writers’
assessment of reviewers’ personal integrity was more likely
to be lower when reviewers produced their comments by
writing rather than speaking [F(1,18) = 7.46; p<.05] (see
Table 3). Producing comments in writing also marginally
(p = .06) lowered assessments of reviewers’ likability. In
all, these findings support the hypothesis that writers’
evaluations of reviewers will be less positive when
reviewers produce written annotations than when they
produce spoken comments. The fact that we found this
effect even when writers selected their own reviewers is
striking. This effect might be even larger when writers do
not select their reviewer (e.g., a thesis advisor or
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supervisor), or when the reviewer is unknown (e.g., blind
journal reviews).

Mode of Production

Assessment Voice Keyboard
Competence 5.4 (0.5) 52(14)
Personal Integrity* 5.5 (0.2) 4.4 (1.1)
Likability+ 5.8 (0.1 5.2 (0.8)

Table 3. Mean (S.D.) ratings of reviewers’ competency,
personal integrity and likability (*p < .05; tp=.06)

Writers’ Responsiveness to Annotations. The next
question we explored is how writers responded to comments
in each mode. Because the reviewers themselves were the
most competent judges of how well their comments were
addressed, we asked them to rate the revision for degree of
responsiveness to their comments. Recall that regardless of
how the annotations were produced, writers received half of
them as voice annotations and half as written annotations.
We therefore analyzed reviewers’ assessments both by
production mode and by reception mode, but neither factor
influenced the responsiveness of the revisions. In all cases,
the ratings averaged about 4.6 on a 7-point scale, indicating
areasonable degree of responsiveness across the board.

We take this result as indicating that voice annotations--at
least given the technology employed here--are no harder to
respond to effectively than written comments. This
suggests that the other social and cognitive aspects of
production and reception may be decisive in selecting
appropriate writing aids.

Writers’ Preference for Modality. We used 7-point scales to
assess writer preferences for modality for receiving various
types of annotations: Mechanics, Style, Organization,
Substance, and Purpose/Audience. The ratings for each
type are displayed in Table 4 as a function of mode of
production (with higher scores indicating greater preference
for voice). We analyzed the data with a 2x5 repeated
measures ANOVA, with the first factor, mode of production
and the second, type. As illustrated, ratings for the two
modes of production were the same overall--and were fairly
neutral. However writers did significantly prefer to receive
certain types of comments in particular modes [F(4,72) =
10.83; p<.001]. Regardless of the mode in which
comments were produced, writers preferred to receive
comments about Purpose/Audience and Style in voice, and
preferred to receive comments about Mechanics in writing.

The analysis also indicated that the mode of production and
preference for reception interacted [F(4,72) = 4.27 p<.05].
Authors were more likely to prefer receiving comments on
Organization in voice if they had been produced in voice and
in writing if they had been produced in writing.
Conversely, authors were more likely to prefer receiving
comments on Purpose/Audience in writing if they were
produced in voice and in voice if they were produced in
writing.
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Mode of Production

Problem Voice Keyboard Mean
Mechanics 2.6 (1.0) 2.7 (1.3) 2.7
Style 4.7 (1.8) 4.4 (1.0) 4.6
Organization* 44 (1.4) 3.3 (0.9) 3.9
Substance 3.6 (1.4) 3.9 (0.8) 3.8
Purpose/Aud.* 3.6 (1.4) 4.9 (0.9) 4.3
Mean 3.8 3.8

Table 4. Mean (S.D.) rated preferences by writers for
receiving comments in voice (*p < .05)

Reviewers were required to produce all their comments in
one modality, so we did not assess their modality
preferences. A previous study found that reviewers preferred
voice for producing high-level comments and writing for
producing low-level comments [2; 9]. Of course,
preferences can be conditioned by circumstances and these
results may not generalize to other situations such as
different acoustic environments, social situations, or user
activities. For example, in the present study, voice
comments were received in a private office. Writers might
view voice annotations far less favorably if they had to
listen to them in less private places in which it would be
inappropriate or awkward to speak aloud or to hear
someone’s criticisms broadcast (e.g., at desks with only
dividers between them). It is interesting that we found no
systematic preference for having either the same production
and reception modality or disjunct modalities. This result
suggests that our methodology for transcribing comments
did not produce noticeably artificial comments.

Implications For Interface Design

Prior to the study, each aspect of the interface underwent
many changes through an iterative design process. The
study itself also resulted in numerous qualitative
observations about ways in which the interface design
worked well or could be improved.

Producing annotations. At the time of the study, the grain-
size for the unit of text which could be annotated was the
paragraph (i.e., annotations could be attached to the
beginning of a paragraph). Both reviewers and writers
found this grain-size to be too large. In response, we have
implemented a smaller-grain size: annotations can be
attached to any region of text.

Receiving annotations. Authors used the “rewind” feature
s0 they could relisten to parts of the comments they didn’t
catch or understand. It is questionable whether authors’
favorable attitude toward voice annotations would transfer to
interfaces lacking this feature. Since this capability seems
crucial, it seems worthwhile to enhance this function. For
example, our informal observations indicate that users may
find a graphical representation of sound waves even more
useful than a uniform progress bar, so that they can use
speech pauses to detect points of interest.

Responding to annotations. The majority of authors used a
“read-revise” strategy to work their way through the
comments, occasionally making a “mental note” to return
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to an annotation later. On the other hand, a small number
of authors read through all annotations before making a
single revision. This latter group, however, did make
evaluations of the annotation during the first pass (e.g., “off
base,” “good comment,” etc.). Thus, both groups would
probably benefit from having a way to mark annotations to
which they want to return.

Remembering the content of annotations. While authors
can rapidly skim written comments to remind themselves of
the contents, authors had to replay voice comments to do
s0. One solution to this difficulty might be to provide
authors with a convenient way of jotting a few notes while
listening to a voice comment. We have implemented
keyboard commands so that an author can access and control
the voice annotations without having to move from the
keyboard to the mouse to control the sound palette. These
commands may make it easier for authors to make quick
notes for themselves about the annotations as they listen.

CONCLUSIONS

This study complicates the previous picture of the utility of
the voice modality for supporting collaborative writing
activities. The results can be summarized as follows:

1. The mode of production affected the type of problem
that reviewers communicated: While all the reviewers in
the study produced more comments on problems of
substance than any other type of problem, reviewers in
voice mode were likely to produce more comments about
purpose and audience than reviewers in keyboard mode,
while reviewers in keyboard mode were likely to produce
more comments about substance.

It may be that the written text, which more readily permits
review of what has been written, reflection upon it, and
revision, may facilitate comments that involve complex
substantive issues. If production modality does influence
the types of problems communicated, then writing tools
offering both modes may need to provide guidelines for
choosing the most appropriate mode to work in for
encouraging evaluation at the appropriate level.

Interestingly, the type of comments produced by subjects in
this study seems to differ markedly from those produced in a
previous study [2, 9]. It is reasonable to hypothesize that
some of the contrasts between the two studies stem from
differences in subject sample, written mode (i.e., word
processor vs. pencil and paper), and task motivation.

2. The mode of production affected how reviewers
characterized problems. While reviewers in both modalities
produced about the same number of annotations overall, the
number of words per annotation was far greater in speech.
This difference can be accounted for, in part, by the greater
frequency of reasons and by the greater number of words
used to produce mitigated statements. A higher proportion
of the annotations produced in voice contained reasons why
the reviewers thought something was a problem and polite
language that mitigated the problem.
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3. The mode of production affected how writers perceived
their reviewers. Writers' evaluations of their reviewers were
likely to be less positive when reviewers produced written
annotations than when they produced spoken.

4. The study failed to find an overall difference in
reviewers’ assessments of how responsive writers were (o
annotations produced or received in the two modalities.
Future analyses are planned to examine whether the nature
of the annotations and writers' perceptions of reviewers
interacted with responsiveness.

5. Despite the previous research findings that spoken
annotations would likely be tedious to listen to and more
difficult to process [4; 5], writers using the PREP Editor
interface for voice annotations were generally favorably
disposed or neutral to voice annotations for most types of
comments, except low-level mechanical ones.

In this study, authors chose their reviewers and reviewers
were constrained to produce comments in only one
modality. More research is needed that varies both
conditions of producing annotations and the social relations
between the writer and reviewer and looks at annotation
interfaces for other sorts of documents (e.g., CAD
drawings, blueprints, videos, etc.).

The results presented here suggest that it will be useful to
explore the effects of tools offering both voice and text
modalities further, especially tools incorporating the ability
to switch between modes easily when producing
annotations. There are outstanding technological challenges
associated with providing users the same functionality with
voice annotations as they have with text annotations. In
the PREP Editor, for example, it is possible for authors to
make annotations on their reviewers’ written annotations.
This feature is used frequently by distributed collaborative
writing groups to discuss particular annotations. Providing
a similar functionality for voice annotations requires
addressing issues of how an author selects a region of a
voice comment on which to comment and how a voice
annotation that itself has a voice annotation should be
played. This study gives some foundation for future
interface design and uses of voice in collaborative systems.
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