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sobre esta materia. Sin embargo, la tendencia global a la
que apuntan los resultados sugiere que ya en el inicio de
la enfermedad están presentes síntomas cognitivos signi-
ficativos y medibles que permanecen estables en el perío-
do posterior entre los 2 y los 5 años y cuyo deterioro se
acentúa con la evolución de la enfermedad, especial-
mente en los pacientes institucionalizados, sin llegar a
superar el nivel de deterioro que presentan otras patolo-
gías degenerativas. Los autores son conscientes de que la
unificación de criterios de investigación y la superación
de las limitaciones metodológicas pueden ofrecer en el
futuro resultados que modifiquen las conclusiones aquí
recogidas.
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PRESENT STATUS OF SCIENTIFIC KNOWLEDGE 
ON THE COURSE OF COGNITIVE 
DETERIORATION IN SCHIZOPHRENIA

The presence of cognitive deterioration in patients with
schizophrenia is well described in the literature. Kraepelin
and Bleuer referred to attention, memory and executive
function difficulties and the tendency of the previously
published studies was to evaluate and focus on the ascer-
tainment of deficits in these specific skills. Since the end of
the 1980’s, a change has been observed in the focus of in-
terest of the studies that has evolved to incorporate more
extensive neuropsychological evaluation, even including
complete batteries. The results of some of these publica-
tions suggest that the deterioration of patients with schi-
zophrenia heavily extends to other areas such as processing
speed1, visuospatial tasks2, or verbal fluency3. This change
in methodological approach served for some authors to
conclude that the patients had a more diffuse cognitive
deficit or that even some of the cognitive skills measured
were within normal limits4.  Based on this, it was suggested
that most of the cognitive deficits that had been identified
in schizophrenia had also been observed in other diseases,
although in different degree. Stated otherwise, there
would not be a specific neuropsychological deficit of schi-

Longitudinal studies are the only ones capable of respond-
ing to the question of whether cognitive deficits present in
schizophrenia follow a stable course and establishing its evolu-
tive relationship with other clinical symptoms of the disease.
This article reviews a total of 30 studies published in patients
with a first psychotic episode or chronic or geriatric patients,
with a minimum follow-up period of 1 year. The diversity in
criteria and methods used significantly limits the conclusions
that can be drawn on this subject. However, the global ten-
dency of the results suggests that significant and measurable
cognitive symptoms are present at the onset of the disease and
these remain stable in the subsequent period between 2 and 
5 years. Their deterioration increases with the course of the di-
sease, especially in hospitalized patients, it not exceeding the
deterioration level presented in other degenerative diseases.
The authors are aware that unifying research criteria and
overcoming the methodological limitations may offer results
that change the conclusions herein gathered in the future.
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Evolución de los síntomas cognitivos 
en la esquizofrenia: una revisión de la literatura

Los estudios longitudinales son los únicos capaces
de dar respuesta a la cuestión de si los déficit cognitivos
presentes en la esquizofrenia siguen un curso estable y
establecer cuál es su relación evolutiva con otros sínto-
mas clínicos de la enfermedad. Este artículo revisa un to-
tal de 30 estudios publicados en pacientes bien con un
primer episodio psicótico, como crónicos o geriátricos
con un período mínimo de seguimiento de 1 año. La dis-
paridad de criterios y metodologías empleadas limita sig-
nificativamente las conclusiones que pueden extraerse
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zophrenia5. More recently, some authors6 have decided to
focus the characterization of the profile not only on the
selection of the areas affected but also on the severity grade
presented by each one of them. Presence of alterations, 
regardless of the deterioration profile, has been described
both in samples of first psychotic episodes7,8, as well as in
chronic patients9 and, of course, in samples of geriatric pa-
tients10. Thus, they are present in the early phases of the
disease and undoubtedly persist in spite of the treatment.
On the other hand, and in agreement with that known as a
hypothesis of neurodevelopment, the possibility that these
deficits are present from the premorbid period prior to the
diagnosis of the disease, acting as possible risk factor, has
also been suggested11,12. However, do they appear before
the clinical symptoms that we use for the diagnosis? What
is the evolutive course followed by these deficits since their
appearance? Does this course have a relationship with the
course of the remaining clinical symptoms and other medi-
cal or sociodemographic variables? The absence of conclu-
sive data indicating a direct relationship of the cognitive
situation regarding the clinical symptoms, especially the
positive symptoms, and the functional performance of the
patient, has limited the importance given by the clinicians
to cognition in the disease. Dealing with this question means
transferring the debate on the hypothesis of neurode-
generation and neurodevelopment to the field of the cog-
nitive. And the response could only be obtained from con-
trolled longitudinal studies that originate from first
psychotic episodes (FSE) samples (lacking access to general
epidemiological samples in premorbid situations) and with
a future stable follow-up, not inferior to 3 or 5 years13. The
review of the literature indicates that there are no studies
published with these characteristics. The large volume of
publications that have approached this question has done
so based on the results of cross-sectional studies14. How-
ever, these include the bias that the generational differ-
ences between the samples compared are the alternative
explanation to those derived from intrasubject variabi-
lity15,16.  There are three reviews published up to date on
the course of cognitive deterioration in schizophrenia that
include longitudinal studies. The first, published by Heaton
and Drexler (1987)16, included both the few longitudinal
studies published up to date and mostly cross-sectional
studies. In the second, Harvey, in 19954, limited himself to
studies on geriatric samples and thus did not deal with the
deterioration spectrum in previous phases. The last review
published by Rund in 199817 included a total of 15 longitu-
dinal studies and concluded that there is a tendency to sta-
bility of cognitive deterioration in the samples analyzed.
We have counted a total of 15 other longitudinal studies
published since 1998 that analyze this question. Some of
them correspond to studies that had already published data
before 1998 and which, after a longer follow-up over time,
clarified or modified some of their findings18. This article
thus reviews the results of 30 studies having a longitudinal
design that have been identified in scientific publications
with a follow-up of the samples not inferior to one year.
The search terms «cognition», «neuropsychology», «schi-

zophrenia», and «longitudinal» were used in the data bases
for the review of the literature we present. There are some
publications whose follow-up period is inferior (for exam-
ple19 for 6 months). However, this review has only inclu-
ded studies with a minimum follow-up period of 1 year
and periods not inferior to 6 months between each admin-
istration of the cognitive tests.

Table 1 includes the summary list of these studies and some
of their main characteristics. The first approach to the
studies published verifies the methodological disparity exist-
ing between them. This makes it difficult, or impossible, to
make a direct comparison and retort of the findings. Thus,
we must take a cautious position regarding the results ob-
served. 

The evolution of the cognitive deficits 
in first psychotic episodes (FSE)

Some of the first studies published on FSE confirmed 
the presence of deficits in the debut of the disease. How-
ever, they suggested that the cognitive situation partially
improved after the first years of follow-up. Sweeney and his
team20 confirmed this significant improvement in tasks of
attention, verbal fluency, psychomotricity and, in this case,
also visual and verbal memory. This also dealt with patients
who had not initiated any type of treatment and whose cli-
nical picture was still not stable. Thus, the improvement ob-
served by this group in the first year could be related with
the treatment and stabilization of the positive symptoms.
What it does demonstrate is the existence of primary altera-
tions that are not caused by confounding variables such as
medication, institutionalization or the evolution of the di-
sease symptoms. Along the same line, Hoff and his team21,22

presented the results of a follow-up in patients with FSE 
at 2 and 5 years of the 1st examination. Their results after 
2 years of evolution showed that the patients had stable ca-
pacity in language and visual memory tasks. However, the
scores obtained in tasks such as attention and concentra-
tion, psychomotor speed and resolution of conceptual tasks
significantly improved. This improvement had a statistically
significant relationship with the improvement of the posi-
tive symptoms. The authors interpreted the improvement in
cognition as an effect of learning and practice in both sam-
ples. This information has great relevance, since most of the
studies published do not have a control sample that endor-
ses the same effect of learning as in the case of this study23.
The findings of Hofer24 are in the middle ground. The authors
evaluated 16 FPE with measures of attention, learning and
psychomotor speed. Reevaluations at 2 years suggest gener-
al stability of symptoms and mild improvement (non-signi-
ficant) in motor speed tasks.  

In one of the most recent longitudinal studies in FPE with
a 2 year follow-up25, the authors did not find any signifi-
cant improvement or any relationship between the cogni-
tive course and the other clinical symptoms. On the contrary,
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Table 1 List of longitudinal studies on cognition in patients with schizophrenia

Study N Type Neuropsychological Follow-up Results
test (years)

Moran et al. (1960) 30 Sch Vocabulary 6 Stability
Smith (1964) 24 Sch IQ 8,4 Stability
Klonoff et al. (1970) 66 Sch WAIS 8 Improvement
Flekkoy et al. (1975) 72 Sch Word association 16,6 Stability, tendency to improvement
Nuechterlein (1985) 14 Sch CPT, Ds-CPT 1 Stability
Rund (1989) 14 Sch + CG Memory CP, digits 4 Stability
Bilder et al. (1991) 28 Sch Battery 4 tests 1 Improvement
Sweeney et al. (1991) 39 Sch Battery 7 tests 1 Stability in memory, fluency and verbal and visual 

memory. Improvement in recognition memory,
orientation and psychomotricity 

Nuechterlein et al. (1992) 17 Sch + CG CPT, SPAN 1 Stability in attention, less stability in memory
Hoff et al. (1992) 17 Sch 1st episode Battery 7 tests 2 Improvement in attention, concentration,  

psychomotor, speed in language and verbal  
and spatial memory. Deterioration in verbal 
memory

Rund et al (1993) 22 Sch + CG Backward masking 2 Stability
Nopoulos et al. (1994) 35 Sch Battery 5 tests 1 (n = 17) Stability

2 (n = 18) Improvement in attention and mental flexibility
Harvey et al. (1995) 224 Sch geriatric MMSE 1 Stability
Rund and Landro (1995) 22 Sch + CG React T, CPT, digits, 1 Stability with tendency to improvement

Short and long term 
memory

Waddington et al. (1996) 41 Sch geriatric 10 questions of 5 & 10 Mild tendency to deterioration
orientation

Rund et al. (1997) 14 Sch Battery 4 tests 1-2 Stability in long term memory, flexibility, 
improvement in short term memory

Russell et al. (1997) 34 Sch WAIS 19 Stability
Gold et al. (1999) 49 Sch 1st episode Battery of 5 tests 5 Improvement in manipulative  IQ, stability in

verbal IQI and deterioration in psychomotor speed
Ho et al. (1998) Sch Sch 2 Mild improvement in all measurements evaluated
Hoff et al. (1999) 42 Sch + CG Battery of 6 tests 2 & 5 Stability 
Hofer et al. (2000) 16 Sch 1st episode Battery of 3 tests 2 Stability
Moritz et al. (2000) Sch Battery of 4 tests 1 Stability
Friedman et al. (2001) 118 Sch geriatric +CG MMSE, CDR 6 Stability up to age 65 and deterioration for samples

and others of superior age
Grawe et al. (2001) 29 Sch Battery of 6 tests 3 Deterioration regarding situation in first episode
Heaton et al. (2001) 142 Sch + CG Battery of 9 tests Mean of 3 Stability
Tuninger et al. (2001) 18 of 34 Sch chronic Battery of 9 tests 2 Stability
Caspi et al. (2002) 44 Sch 1st episode + Battery of 4 tests Psychotic ep. Deterioration in spatial reasoning and processing speed.  

CG remitted Stability in measurements of attention and other 
types of abstract reasoning

Townsend et al. (2002) 83 Sch 1st episode Battery of 7 tests plus 1 Stability in all the measurements
WAIS Wechsler 
Memory Scale

Brodaty et al. (2003) 27 Sch geriatric +CG MMSE, Camcog, DLA’s 1 and 5 Deterioration in all the measurements
Tirling et al. (2003) 37 Sch Battery of 8 tests 10 and 12 Stability in fluency and very memory, executive f. 

Deterioration in visuoconstrictive skills  
and visual memory

CG: means that the study includes control group; Sch: schizophrenia.
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they also describe a marked tendency to stability and all the
measurements, except in visuospatial reasoning and process-
ing speed, with observable deterioration. The authors did
not include measurements of verbal memory, so that they
could not retort the findings of Hoff et al. 

In spite of the transcendence of the longitudinal results
in FPE samples, the follow-up period of the samples is gener-
ally very limited. There are only two studies to our know-
ledge that have published follow-up data for periods great-
er than 5 years26,27. Andreasen26 presented the data of a
longitudinal study that included measurements of cognitive
performance, cerebral volume and clinical symptoms. The
author confirmed the presence of a defectual performance
from the appearance of the disease, that could even be pre-
sent in patients before the debut of the clinical symptoms.
In the initial follow-up at one year, the group was stable in
the measurements with mild, but significant tendency, to
improvement in measurements of attention and executive
functions28. This tendency is confirmed in the results after
the first two years of onset29. This team describes stable
performance, with mild improvement in attention, execu-
tive functions and information processing speed. The data
show stability but with mild deterioration in the same mea-
surements in relationship with the control group. Follow-up
examinations at 9 years, and in a subsample at 12 and 15
years, point to the fact that the cognition course has a slow
but progressive deterioration during this subsequent phase
in spite of the therapeutic intervention with the sample and
that it would affect all the cognitive areas explored. This is
more outstanding in processing speed, psychomotor speed
and memory. In addition, they point out that it is not par-
allel to that of other measurements, that are also progress-
ively defective, as measurements of cerebral volume or in
negative symptoms. Other authors who have published fol-
low-up data of samples of first episodes in periods between
1 and 2 years also confirm this tendency to stability in the
first years of evolution30,31. The Townsend study has the ad-
vantage that it has included the largest battery described
up to date in this type of investigation and has controlled
factors such as time of untreated psychosis and the pa-
tients’ gender in its analysis. The group has a stability pro-
file in the performance of reasoning measurements, memory,
fluency and verbal comprehension, attention and informa-
tion processing speed. In this study, the sample of patients
received treatment with new generation antipsychotics,
whose interaction with cognitive performance seems to be
more limited. 

The 2003 Stirling study 27 presents FPEs results with
evolution to schizophrenia with a 10-12 year follow-up. The
results show a significantly lower performance than for the
normal population for most of the areas evaluated (be-
tween 0.5 and 1 standard deviation). The authors specify the
possibility that there is a differential pattern of perfor-
mance and evolutive course for different cognitive areas. Thus,
although no significant differences are observed regarding
normal performance at the time of the FPE in tests such as

Puzzles or Short Stories of WAIS and Memory for Design
(MFD) (visual memory), these skills subsequently show dete-
rioration in the follow-up evaluations. They observed an in-
itially low performance in verbal fluency, memory of faces
and executive function tasks that then tend to improve and
to be stabilized. The observation of deterioration in these
skills points to cognitive areas that are not included between
the classically mentioned ones in the deterioration profile
of schizophrenia: attention, verbal memory and executive
functions21,32,33. An important limitation of the Stirling
study (2003) is that they included patients who had presen-
ted their first episode in any period prior to the two years
before initiating the study as sample of FPE. This criterion is
generally defined by other authors as samples with a recent
psychotic episode more than a first episode and, as we have
already seen through the results of the 2 year follow-up
studies, this time may be sufficient for the cognitive situa-
tion of the patients to have evolved from its situation in the
onset of the episode. 

THE EVOLUTION OF COGNITIVE DEFICITS 
IN PATIENTS WITH LONG-EVOLUTION 
OR CHRONIC SCHIZOPHRENIA

The first longitudinal study on cognition in schizophrenia
was published by Moran34 and team in 1960, and focused
on 55 chronic patients. Thirty of them were reevaluated 
6 years later. From their results, the authors concluded that
there was stability of performance during the follow-up pe-
riod, in spite of a mild tendency to deterioration that was
summarized in inadequacy in the use of language. However,
the authors related this fact to the normal aging process
more than to a disease of the patients. Since the Moran
study, there have been at least 17 studies published whose
samples were not exclusively made up of FPEs or geriatric
patients (see next section). The results are very diverse: six
studies reported stability of the cognitive symptoms, four
affirmed improvement, two deterioration, three stability
with mild improvement in some measurements and two sta-
bility with mild worsening in some areas. In general, it is ob-
served that the studies with 1 year follow-up periods mostly
speak about stability of cognitive performance5,17,35,36,37.  In
another study in 200138, there was also no significant dete-
rioration observed in patients having similar characteristics
during a 2 year follow-up. In this case, these were non-hos-
pitalized patients with a course greater than 2 years since
they had been diagnosed of the disease. The Nopoulos
group28 observed stability in most of the measurements
administered and mild improvement in some of the atten-
tional measurements. However, this sample is part of the
same study on which Andreasen (2004) presented data of
10 and 12 year longitudinal follow-up, showing moderate
deterioration of all the cognitive measurements, including
the results in attention. It should be mentioned that among
the studies that also report deterioration, those having the
most years of follow-up made in the samples, 12 and 19
years respectively, are found27,39. 

Course of cognitive symptoms in schizophrenia: a review of the literatureN. Ojeda, et al.

266 50Actas Esp Psiquiatr 2007;35(4):263-270

263-270inglés.qxd  20/6/07  13:14  Página 266



The course of cognitive deficits in studies 
of geriatric patients

Interest in this type of population has increased, given
that the chronicity, seriousness and advanced age of this
population should provide evidence on the existence of
neurodegenerative conditions and thus support the hypo-
thesis of a progressive decline in the disease. As reported
by Barrantes-Vidal40 in the prospective clinical-pathological
studies with this type of population, it has been found that
two thirds of the patients fulfilled diagnostic criteria of de-
mentia according to the DSM-IV. Other authors suggest that
the severity of cognitive deterioration in elderly pa-
tients with schizophrenia could be, at least, superior to that
presented by young patients, and that the deterioration
would be even clearer in institutionalized patients, with a
long course of the disease and poor long-term prognosis. To
the contrary, some studies that verify stability or minimum
cognitive changes in samples of patients who have had a
satisfactory course and prognosis of the disease in general
terms have also been published38,41,42. These authors even
suggest that having schizophrenia could act as a risk factor
of the likelihood of developing dementia. Although some
epidemiological studies of predictive factors of dementias
have not found a clear relationship43 (Eurodem study), 
other authors stress that the presence of alterations of any
nature in the CNS could have an influence, increasing vul-
nerability to develop other diseases such as denentia44,45.
One of the difficulties when evaluating geriatric patients
with schizophrenia is finding samples whose score in the
initial assessment does not significantly differ from that of
normal subjects or other groups they are compared with46.
This fact suggests that if the samples are not intentionally
selected at the time of initiating the study in order to be
comparable, the patients will have a significantly inferior
performance to that of the reference group from the on-
set. Harvey4 and his team conducted an initial follow-up of
one year in a sample of 336 hospitalized geriatric patients
with schizophrenia. Approximately 30 % of the sample had
an initial moderate or severe level of deterioration in the
baseline evaluation when two years had passed since the
onset of the study. The authors also found greater functio-
nal limitation. On the contrary, authors such as Jeste43

concluded that the patients with schizophrenia in late pha-
ses of evolution of the disease do not have greater deterio-
ration than the samples with onset of the disease in earlier
phases, pointing to the stability of the symptoms. No re-
search in geriatric samples has found improvement in the
follow-up except for Gouzoulis et al.48 who conducted the
first evaluation of the subjects during the psychotic phase
of the patients, before the pharmacological control.  

Again, the studies that have had longer follow-up pe-
riods suggest that cognitive deterioration in geriatric pa-
tients with schizophrenia is greater than that occurring in
the normal population of the same age (Waddington et al.,
1996; Friedman et al., 2001). The most recent longitudinal
study in geriatric patients is that published by Brodaty et al.

(2003) in patients with late episode of the disease. After the
5 year follow-up, the authors describe a high incidence of
dementia among the patients evaluated, not only suggest-
ing generalized deterioration but also that the psychosis
could be a prodromic signal of the appearance of a demen-
tia in the patients. The joint assessment of the longitudinal
study data in geriatric patients with schizophrenia suggests
that the patients show an initial deterioration that is loca-
ted in intermediate levels between normal subjects and pa-
tient with dementia that lead to very elevated dependence
levels in hospitalized patients. In addition, there are indica-
tors that suggest that psychosis could be an anticipation of
a dementia type neurodegenerative condition in patients
with late episode. 

DISCUSSION

The review of the studies published affirms the great
disparity of methodology and existing results. This not only
makes direct comparisons and retort of the findings diffi-
cult, but rather impossible. Even so, their interpretation
has been mainly included within in the hypothesis of neu-
rodevelopment and neurodegeneration. We could conclu-
de that those longitudinal studies with samples of patients
with FPEs and chronic patients who have had follow-up
periods greater than 1 year already suggest the existence
of a clear cognitive deterioration in the first episode, that
probably improves or remains stable when the clinical 
situation stabilizes and subsequently worsens with the
passing of the years and clinical relapses. Studies in more
recent FPE that have included greater number of neurops-
ychological measurements suggest the possibility that the
deterioration is present before the first diagnosis. 
There is greater coherence in the conclusions derived 
from studies in chronic samples where, in some cases, the
authors find a significant grade of deterioration in spite of
using less demanding cognitive tests for the evaluation. In
relationship with the follow-up period, it should be stated
that most of the longitudinal studies published include
mean periods of reevaluation between 1 and 2 years. How-
ever the potential effect of learning is better controlled
when the assessments are not repeated in periods less than
one year, when tests that have different formats are used
to facilitate the retest, or when samples of control subjects,
who also have the same learning effect between assess-
ments, are included. This latter case even has obvious limi-
tations, since it supposes that the capacity of learning and
retention retest of the patients is comparable to that of
normal subjects. The studies that include follow-ups after 2
or 5 years generally show tendency to stability or mild de-
terioration of the cognitive symptoms. This possible onset
of the decline is clearer in studies that exceed 5 years of
longitudinal course. It is also surprising that it is much more
difficult to find results pointing to improvement of the
cognitive situation of the patients, regardless of the sam-
ple time, in the more recent studies published after the year
2000. This fact seems to coincide in time with the ten-
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dency to include more extensive and demanding neurops-
ychological assessment protocols. The main limitations of
these studies come from characteristics related with the
disease itself, its clinical characteristics and pharmacologi-
cal treatment. Analysis of the samples enrolled show that
hospitalized patients are often included in the same group
as community patients (Harvey 2001) or that the authors
do not always homogeneously understand terms as chronic
(Tuninger et al., 2001). 

In the long term follow-up of the sample, there is a
«sampling death» that again provides biases in the charac-
teristics of the sample that is maintained in the study. The
idea has been postulated that they are patients who show
greater treatment compliance, who need greater control by
the therapeutic team and thus who would show character-
istics on the clinical level, with a differential evolutive
course that is not representative of all the group. In his re-
view published in 1998, Rund (1998) indicated his concern
about drawing conclusions on this material due to the diag-
nostic difficulties. The author points out that the differen-
ces of criteria between the DSM-III and DSM-IV (that affect
the studies conducted between 1968 and 1994) could limit,
in the beginning, the comparison of the studies published
during this period. More important is the bias stressed by
Sharma et al. (2202), derived from the comparison of sam-
ples that fulfill DSM-IV diagnostic criteria for schizophrenia
vs. only ICD-10 criteria. On the contrary to the ICD-10, the
DSM-IV, to establish the diagnosis, requires a minimum time
of 6 months presence of the symptoms, with involvement of
the daily life activities (DLA). 

In the studies where more than one area of functioning
has been explored, a tendency to explore those capacities
that have been traditionally described as deficient in the di-
sease, that is, attention, memory and executive functions, is
seen. However, this has left a bibliographic gap in relation-
ship with the performance of these patients in other skills, as,
for example, visuospatial performance. Absence of referen-
ces to these skills has sometimes led to assuming that per-
formance in them was normal in schizophrenia. Some re-
cent, non-longitudinal, studies stress the evidence that
certain subgroups of patients have a significant deteriora-
tion in visuospatial and visuoconstructive capacities (Leider-
man et al., 2004), and even suggest a greater deterioration
of them in the course of the disease in regards to the already
classical ones of attention and memory (Schwartz et al.,
2003). On the other hand, most of the studies that have in-
cluded measurements of information processing speed or
psychomotor speed in their cognitive evaluations show the
existence of significant deterioration in these functions from
the onset of the disease (Ueland et al., 2004; Kravariti et al.,
2003). Another finding that seems to occur repeatedly and
independently of the methodological disparity is the persis-
tence over time of worse performance in verbal memory,
suggesting that this is a selective deficit of the disease (Hoff
et al., 1999). 

In addition, there are studies in which the same instru-
ments have been used to measure different cognitive as-
pects and there is a tendency to use less demanding measu-
rements in the samples of chronic and geriatric patients.
The Matrics project, by initiative of the University UCLA
(USA), is the largest attempt made up to date to overcome
the disparity of neuropsychological protocols, the lack of
consensus on which each test is measured and the absence
of instruments with similar formats for the retest. 
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