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Abstract

Objective. To study the feasibility of an anonymous coding procedure linking longitudinal information in a multi-center trial of substance abuse
prevention among adolescents.

Methods. A school-based survey with re-test procedure was conducted among 485 students (mean age 13.8 years) from three countries at four
study centers in order to study accuracy and repeatability of a self-generated anonymous code.

Results. Errors affected 18% of codes and 3% of all digits required for the code generation, with highest figures for two of the seven generation
items. Sixty-one percent of the codes generated at the test were repeated identically at the re-test. Seventy-six percent of the codes could be linked
excluding the 2 digits with the highest error rate in code generation, while 92% were linked using the best combination of the remaining seven or
six digits. There was substantial variation between the centers in the results.

Conclusions. Self-generation of anonymous codes is a feasible, but not a very efficient procedure to link longitudinal data among adolescents.
Easy derivation and iterative matching procedures are crucial for achieving high efficiency of this type of anonymous linkage.
© 2006 Elsevier Inc. All rights reserved.
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Introduction

Longitudinal studies with repeated measurements require
linking together data from the same subjects at different time
points. This is usually accomplished by means of personal
identifiers such as name, birth date or security number. Because
of ethical considerations it is often not possible to keep
identified computerized health records of young people without
obtaining guardian's consent (Moolchan and Mermelstein,
2002). Although rules may vary between countries, consent
procedures are often long, complex and may lead to a
substantial dropout from the study base, with consequent loss
of efficiency (Severson and Biglan, 1989). However, if record
linking would still be possible without the use of personal
identifiers, the guardian's consent would in many cases not be
mandatory. Computerized procedures making personal data
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Table 1
EU-DAP pilot study, October–November 2003

Center All 9 digits
(identical codes)

Digits included in the link procedure

Seven digits, excluded: At least 6 of the
remaining digitsGrandmother's name

Eye color

Italy 1 75.0 82.5 96.3
Italy 2 63.6 84.4 92.2
Spain 42.5 57.5 80.0
Sweden 49.0 69.4 93.9
All centers 61.0 76.4 91.9

Proportion (%) of successfully linked anonymous codes (AL) among students
present at both test and re-test (n=246), by number of digits.
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anonymous have been proposed to partially solve issues of data
protection in public registers (Quantin et al., 2000), but to date
there are no examples applied to field studies involving
longitudinal data.

We report on a study aiming to test accuracy and stability
over time of an anonymous code self-generated by adolescents,
to be used in a large trial of drug prevention in schools.

Methods

The Ethical Boards at the respective study centers approved the protocol of
the European Drug Addiction Prevention Trial (EU-DAP study), which included
field test procedures.

Subjects

The study was conducted between October and November 2003 in four of
the eight European centers participating in the EU-DAP study (Faggiano et al.,
submitted for publication).

Each of the four centers (two urban centers in North Italy, the Stockholm
region of Sweden and the municipality of Bilbao in Spain) non-randomly
selected at least four classes, from different schools. At least one of the classes
had to be situated in an underprivileged area. Overall, 485 students participated.
The mean age of the participants was 13.8 years (range 12–17 years). Due to
different school systems, there were age differences between centers. One center
involved a bi-lingual population.

Survey

The study consisted of two procedures. First, the students from half of the
selected classes were asked to generate a nine-digit anonymous code (AC),
following a guide formwith seven different input items (see Fig. 1). The students
were instructed to complete the source item (e.g. mother's name), to identify the
letter or the number in each source item as indicated by a colored box (form box)
and to transcribe this digit in a box of the same color (code box) situated in the
right margin of the underlying sheet. Additional derivation rules concerned the
typesetting including use of upper case letters, distinction between the number 0
and the capital letter O, the avoidance of characters not included in the English
alphabet and handling of missing digits. The form was then returned to the study
team with both the source input information and the generated code. In this way,
it was possible to analyze the occurrence and position of errors.

The second procedure aimed to assess the repeatability of the code and the
efficiency of the anonymous linkage (AL). The students from the remaining
classes were asked to generate their individual code a total of two times, the
second time (re-test) about 4 weeks after the date of the first test. In this
procedure, only the sheet with the anonymous code was returned to the study
team.

Statistical analysis

Since the scope of the study was quality assurance, we simply calculated the
proportions of missing or error digits affecting the code and the proportion of
codes that could be linked with different matching strategies. In the first
procedure, a proportion of errors of 5% or more affecting a given digit (e.g. digit
7) indicated serious problems in handling the input from the corresponding
source item (e.g. father's name). In the second procedure (matching), any
proportion of linked codes at or above 90% was considered satisfactory.

Results

Accuracy of the anonymous code (AC)

Of the 222 identified forms returned by the students after
anonymous code generation 39 (17.6%) carried errors, includ-
ing missing digits, incorrect derivations and translocations (e.g.
a character was assigned to a different digit position than
expected). The proportion of erroneous codes was very different
between centers. An analysis by digit determined that incorrect
inputs came particularly from two particular source items,
which accounted for more than 40% of the total errors: own eye
color (7.2% errors) and paternal grandmother's name (4.5%
errors). Paternal and maternal name also gave rise to a
substantial proportion of errors.

Code repeatability and efficiency of the anonymous link (AL)

There were no collisions among the codes generated at the
test and re-test of the anonymous link among the 246 students
who were present on both occasions. One hundred and fifty
codes (61%) could be repeated identically in all nine digits four
weeks between test points. The proportion of successfully
matched codes by center and type of link procedure is reported
in Table 1. The linkage substantially improved after exclusion
of the two digits that had the highest error rate during the AC
generation, but only moderate improvement was seen after
further exclusions based on error rates (not shown). A
substantial proportion of codes could be further linked using
the best combination of the remaining seven or six digits.

Discussion

Generating a nonsense code following strict rules at
different levels (logical, visual–spatial, and typesetting) can
be conceived as a task involving well developed executive
functions (Anderson, 2002). Indeed a rather difficult endeavor
for this geographically heterogeneous sample of adolescents.
The cumulative error rate affected one out of six generated
codes, which explained the rather low efficiency of the link
procedure as originally planned, as just over 60% of the codes
could be exactly replicated after a 1-month interval. Excluding
digits based on rate of errors in the generation test did improve
the matching, but this was still below the expected standard of
90%, until a more sophisticated procedure was employed based
on the best combination of any of the remaining six or seven
digits.

We could identify five basic problems in this procedure.
First, there was a source problem. During the different phases of
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this test in the classroom, the students often reported difficulty
in recalling a particular source item (grandmother's name), or
that the source item was perceived as ambiguously defined (eye
color). Second, the proposed algorithm for the code generation
was complex, involving executive tasks that may still be
incompletely developed in early adolescence (Span et al.,
2004). Third, there were probably language-specific problems
in applying derivation rules, highlighted by a different error rate
between centers. For instance, it could be noticed that in about
20% of code pairs differing only by one digit an identical match
could be achieved by relaxing the typesetting rules. Between-
center differences, however, were most likely due to students'
age and attained school grade, i.e. factors affecting speed and
accuracy of task performance (Commodari and Guarnera, 2005;
Luciana et al., 2005). These geographical differences, however,
should not be overemphasized, because of the small samples
size.

The fourth source of possible intra-individual discrepancy is
represented by learning (Burtner et al., 2002), since the
accuracy of the code generation may have improved at the re-
test. Finally, errors in the input stage can also represent a source
of inconsistency. Alternative anonymous coding strategies may
be practiced in order to overcome the problems described
above. One such alternative would be to prompt the participants
to generate a secret password and to memorize it. The efficiency
of this alternative in the case of a long follow-up period among
young people, however, should be field-tested. Alternatives
such as applying a computerized hashing algorithm to a set of
stable personal identifiers (Quantin et al., 1998), or using a
sequential coding station after data collection (Avins et al.,
1993) would require a more sophisticated administrative
apparatus than we could afford in this particular study.
Furthermore, in these examples the anonymous coding is
applied after non-anonymous data collection, while we wished
to reassure the participants of their anonymity from the very
instant the information was released.

Conclusions

Self-generation of anonymous codes is a feasible, but not a
very efficient procedure to link longitudinal data among
adolescents. The use of these procedures should therefore be
confined to studies with major concern for anonymity rather
than for study base retention. Optimized link procedures should
be employed by distinguishing between “source” and “func-
tional” code, for example the best combination of digits from
the source code that still allows for one- to-one matching.
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