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Abstract. The paper describes a research study to determine the usability of
handwriting recognition technology on a tablet PC for free writing by children.
Results demonstrate that recognition error rates vary according to the metrics
used, and the authors discuss how some of the errors are created concluding that
the error rates say very little about what was happening at the interface and that
with research of this type (novel interfaces and young users) researchers need to
be immersed in the context in order to produce useful results.

1 Introduction

Over recent years there has been a significant increase in the published work relating
to children and interaction design. However as the discipline of Child Computer
Interaction (CCI) is still quite new [1] the methods used by researchers are generally
derived from HCI and many of these have not been well tested with children. Using
handwriting recognition for text entry on a tablet device is a relatively new form of
interaction that has relied on evaluation methods from discrete text input and from
speech recognition; the suitability of these methods for handwritten input have also
not been well researched [2].

The tablet PC is a variation of the notebook PC incorporating a touch screen that
can be written on by the user with a special stylus, in a similar way to writing on pa-
per. This technology has recently been evaluated for use in learning environments
and with children writing [3], [4]. Using a tablet PC, writing can be done in the user’s
regular script (handwriting) and software provided with the tablet PC is then able to
change the writing into ASCII text (handwriting recognition) so that it can be manipu-
lated in any text or word processing package.

It is common to evaluate the effectiveness of any text input method by measuring
the accuracy of the process. The de-facto measure for the accuracy of any text input
method is generated from two text strings; usually called the presented text (PT) and
the transcribed text (TT). These two strings are compared, and each ‘error’ in the
transcribed text is classified as either an insertion (I), a deletion (D) or a substitution
(S). This measure can exist in two forms, as a word error rate (WER) (typically used
in speech recognition) or as a character error rate (CER) (typically used in handwrit-
ing recognition as well as in discrete text input as is done at a keyboard) [5].
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2 The Empirical Study

The small study that is described here was intended to determine the usability of the
tablet PC for children writing. In particular, the intention was to look at the accuracy
of the handwriting recognition that was supplied with the Windows Journal® applica-
tion (as shipped with the tablet PC). Ten children aged 7 and 8 were recruited to the
study that took part in school time. They came to the room individually and used the
tablet PC to write their own stories using ideas that had already been developed in the
classroom. Each child stayed for around fifteen minutes and the researchers, who
were on hand to assist with any hardware problems, supervised the writing tasks.
Children had the technology demonstrated to them before they began and had a
chance to do a short piece of practise writing before they started writing their story.

2.1 Analysis and Results

There were three outputs from each instance of use. The first was a journal file that
showed the writing of the child. This was used to generate an image of the child’s
writing; an example is seen in Fig. 1. The second output (PT, presented text) was
created by the lead researcher and was a text file of what the child wrote (as seen in
Fig. 3). A related text file (TT, transcribed text) was created from the journal file by
the recognition software (shown in Fig. 4).

One c:\a:j T Was 30'- n
+o He Rsoch +o Sok ™ Sor
doas

Fig. 1. Writing as collected in the Windows Journal Application

Outputs PT and TT were aligned in two ways using minimum string distance
(MSD) algorithms [6] and from these, two error rates, word error rate (WER) and
character error rate (CER) were derived. Each was calculated in a similar way where:
Error Rate = (S + I + D)/ N where N is the number of words or characters The error
rates from the work of the children are shown in Table 1.

On average, around one in every six letters was inaccurately recognized. The aver-
age WER was 30%; this was considerably less favorable than the CER at 17%, and
for around half of the children, the difference between the CER and WER was quite
pronounced. Reasons for these discrepancies are briefly explored in the next section.

Table 1. Recognition rates from the text pairs (N = number of characters written)

Child 1 2 3 4 5 6 7 8 9 10 | Avg
N 38 | 172 |31 [ 132 |83 | 121 |79 | 122 |45 |86
WER (%) |0 19 |37 [28 |60 |24 |42 |21 |36 |35 |30
CER (%) 0 10 |41 |13 |25 [12 |11 |7 42 |12 |17
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3 Discussion

The discussion that follows uses (as an example) the writing from child number 5
(seen in Fig. 2.) to demonstrate some of the problems with the derivation of error rates.

Q\ T hnaod ed

he
‘P 06¢

us VS T Eegd
\Q}( n‘r\h "K\émms &

é\l lrvg(‘a’ _ on 50453

Fig. 2. The writing as it was done

The first process that was carried out was the interpretation of this writing into text
(to create a text string for the error rate calculations), and the resulting text (PT) can
be seen in Fig. 3. There is a problem at this point as this is the ‘researchers guess’

about the child’s writing. For example, the character that follows ‘wen’ was assumed
to be a capital I, but without using the contextual clues (provided by the sense of the

sentence), it could be easily considered as a ‘t’ and this would have had an impact on
the recognition results.

one day I mayed a potion. wotsh it was Finnisht I tested
it Wen I wrenckit I sow my holl bodey distepiy

Fig. 3. The writing once it was interpreted (PT)

The recognizer that was used in this experiment uses a dictionary to assist in the
recognition process. This has an effect on the recognition results (shown in Fig. 4) as,

for instance, when the word ‘disTepiy’ is recognized, the characters would individu-

ally make a word sufficiently close to the word ‘distensile’ to convince the recogni-
tion software that this is what was written.

one hay I may tell a potion wets, it was Finnis ht tested
it Went wrymeck-I sow m holy they distensile.

Fig. 4. The writing once it was recognized (TT)

The teacher of the child (and the researcher) assumed that the child wrote
‘distepiy’ to mean ‘disappear’; a phonetically designed matching algorithm (spell
checker) would have had a much better chance of getting this word right. It is in a
similar way that ‘bodey’ (‘body’) turns into ‘they’.
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4 Conclusion

From this very simple study it is evident that the reported error rate numbers fail to
say it all. Firstly, the CER and the WER metrics were not consistent, it is easy to see
how one or other of these figures could be reported and could present conflicting
results. Secondly, the small investigation of a single child’s writing demonstrates the
impact of several factors, the included dictionary, the text creation task, the knowl-
edge of the researcher and the diversity of the child population. It appears that for this
study there was a real need for the researcher to be immersed in the context related to
the single task as well the overall context of learning, school setting, and user experi-
ence, calligraphy, and child motivation [7].

Some of these findings translate into other studies; any study which relies on writ-
ten (or to a lesser extent) spoken language with child users will be influenced by their
developmental stage and the researchers knowledge and studies using other novel
applications that ‘borrow’ metrics from related domains need to be investigated to
determine the appropriateness of the metrics and to determine which metrics are most
valid.

Further work that is planned in relation to this study includes an investigation of
the impact of phrase choices when children use copied phrases for handwritten text
input and a study with older children to determine whether the disparity between the
CER and WER measures is reduced as children gain common knowledge in language.
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