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Objectives: The primary aim of this study was to determine

whether changes in cognitive processes are related to improved

functional outcomes across a multidisciplinary pain manage-

ment program.

Methods: A longitudinal design was employed where patients

completed 6 versions of the same questionnaire at the beginning,

middle, and end of the 4-week treatment program and at 1, 3,

and 6 months follow-up. Seventy-six patients consented to

participate in this study. Outcome was assessed using the

physical and mental component scores of the Short Form

Health Questionnaire. Measures of cognitive processes included

the Illness Perceptions Questionnaire Revised, the Pain Catas-

trophizing Scale, and the Pain Vigilance and Awareness

Questionnaire. Fifty-eight patients (76%) completed all 6

questionnaires.

Results: We found reductions in catastrophizing and beliefs

about the serious consequences of pain were most strongly

associated with improved physical functioning, whereas reduc-

tions in pain vigilance, emotional representations of pain, and

sense of coherence about pain were the best predictors of

improved mental functioning. Overall, change in cognitive

processes accounted for 26% of the variance in improved

physical functioning and 23% of the variance in mental

functioning.

Discussion: These findings suggest that interventions that specifi-

cally target cognitive processes may enhance treatment effects

for patients with chronic pain.
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Over the past 20 years a substantial body of evidence
has accumulated arguing the efficacy of multi-

disciplinary pain management programs for chronic
pain.1–3 However, both the efficacy of individual compo-
nents of these programs and the mechanisms of change
across the programs remain unclear.4,5 Gaining an under-
standing of the key mechanisms of a treatment effect is
important for 2 reasons. First, it can help to refine the
treatment approach. Most multidisciplinary programs
include a variety of treatment techniques and approaches,
some of which may be more efficacious than others.
Second, it can contribute to our understanding of the
condition itself. For example, a number of theoretical
models of chronic pain incorporate patients’ beliefs or
cognitions as key components in the maintenance of pain
and disability.5,6 These cognitive processes are seen to have
both a direct impact on the experience of pain severity and
indirect effects through driving behaviors such as avoid-
ance, which lead to pain-related disability.7–10 Most multi-
disciplinary pain management programs incorporate
cognitive techniques based on these models.4,11 If altering
patients’ beliefs predicts improvement in pain outcomes this
provides further support for the role of beliefs in
contributing to the chronicity of pain conditions.

A handful of studies have already shown that
altering patients’ cognitions may be an important
component of multidisciplinary pain programs. Most
have focused on catastrophic thinking or having unduly
negative thoughts about pain, its meaning, and its effects
on one’s life.7,8 Reductions in pain catastrophizing have
consistently been associated with improvements in pain
severity, pain interference, and depression.12–16

The purpose of the current study was to extend this
work by investigating possible treatment effects on a
wider range of cognitive variables that have been shown
to be associated with pain-related disability. In the
literature on cognitive models of illness, catastrophizing
is conceptualized as an information processing error that
results from a negative schema or cognitive representation
together with a tendency to be overly focused on this
dominant schema.17 Cognitive change in one system can
theoretically alter another system.

If we translate this to the pain literature, a negative
representation of one’s pain condition would result in anCopyright r 2007 by Lippincott Williams & Wilkins
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increased vigilance to pain and a tendency to interpret
pain in a catastrophic manner.18 In line with this
suggestion, a number of studies have demonstrated a
relationship between catastrophizing and the tendency to
be hypervigilant to pain sensations.19–22 Recent evidence
also suggests that hypervigilance to pain may contribute
to chronicity of pain and higher levels of disability.23

Similarly, patients who have more negative or pessimistic
representations of their pain are more disabled and
distressed.24 Consequently, the current study aimed to
investigate: (1) whether patients’ negative representations
of their pain, hypervigilance to and catastrophizing about
pain changed across a multidisciplinary pain program in
accordance with changes in disability, (2) whether these
changes were maintained 6 months after the program,
and (3) whether changes in cognitions were related to
improved outcomes.

MATERIALS AND METHODS

Participants
Participants were recruited from The Auckland

Regional Pain Service’s 4-week group pain management
program. Patients attend the programme 5 days a week
from 8.15 AM to 3.00 PM. The program accepts referrals
from other hospital services, general practices, and
insurance and compensation agencies across a wide
geographical area. Referrals occur because the patient is
either distressed or disabled to a greater extent than the
referrer expects from the medical history. Most patients
have had pain for a considerable period of time and have
received a wide range of interventions ranging from
physical therapy, medications, medical interventions, and
surgery. Referrals are then assessed and offered positions
in the programme if they have a chronic pain condition,
regardless of site of the pain, and might benefit from a
multidisciplinary pain management program with a
reactivation focus. Patients are not accepted onto the
program if they are still receiving interventional treat-
ments, are involved in ongoing litigation related to their
condition, have alcohol or illicit drug problems, or have a
psychiatric condition, such as a psychotic disorder or
social phobia, that will prevent them functioning in a
group program.

The emphasis of the program is on reactivation.
Program components include, graded goal directed
exercise, relaxation, pain education, goal setting as well
as information and therapeutic suggestions on specific
issues such as sleep and mood management. Specific
sessions in the psychoeducation component of the
program address ‘‘ways of thinking,’’ ‘‘stress,’’ and ‘‘fear
and avoidance’’ using cognitive restructuring techniques
that focus on anxious or catastrophic thinking that
inhibits reactivation.

A total of 98 patients with chronic pain attended the
program during the recruitment period and 76 provided
informed consent to participate in the study (a response
rate of 78%). Sixty-four of these patients completed
questionnaires at the end of treatment (84%) and 58 at

6 months follow-up (a follow-up rate of 76%). Forty-nine
participants (65%) were female and the mean age of the
sample was 42.4 (SD 9.49). Patients had experienced their
pain problem for a mean length of 7.05 (SD 6.88) years
and 57% were unemployed because of their pain. The
majority of the participants (82%) described themselves
as European or white New Zealanders, 8% as Maori, and
the remainder were of Pacific Island or Asian descent.
Fifty-eight percent of the samples were married or in a de
facto relationship, 16% were single, and 26% were
widowed, divorced, or separated. With regard to level
of education, half of the sample was educated to primary
or secondary school level, 24% had a technical or trade
certificate, and the remainder had some form of university
or tertiary education.

Measures
The Short Form Health Questionnaire (SF-36)25 was

used to measure clinical outcome across the 28 weeks of
the study. The SF-36 was developed for medical outcomes
research over several years and has excellent reliability
and stability. Normative data are available for chronic
pain populations.26 There are 8 subscales which can be
computed to form a Mental Component Summary
Score and a Physical Component Summary Score.27

The Mental Component measures the extent to which
patients’ emotional state interferes with their ability
to perform daily tasks and to socialize. It also measures
their levels of psychologic well being. The Physical
Component summary score measures patients’ abilities
to perform simple everyday tasks such as climbing stairs,
dressing, and lift objects, as well how much their pain
and health in general interferes with their ability to work
or perform other life roles. It also measures the extent of
bodily pain experienced. Higher scores on the SF-36
represent less disability.

The Revised Illness Perceptions Questionnaire (IPQ-R)28

was used to measure patients’ schematic representation of
their pain condition. The IPQ-R has good construct and
criterion validity and discriminates clearly between acute
and chronic pain populations.28 The dimensions of the
IPQ-R have also been associated with pain, distress, and
disability in chronic pain patients.24 Five of the subscales
most relevant to cognitive change across a pain manage-
ment program were included in the current study. Three
of these measured patients’ negative representations of
their pain: the consequences subscale measured patients’
perceptions that their pain has had serious consequences
on their lives; the timeline dimension measured beliefs
that the condition is chronic rather than acute; whereas
the emotional representations scale measured patients’
emotional distress in relation to their pain condition.
The remaining 2 subscales are scored in the positive
direction. The control dimension includes 2 subscales, one
which measures beliefs about personal control over the
pain, and the other, beliefs that treatment will help
to control the pain. Pain coherence measures the degree
to which patients feel they have a coherent understanding
of their condition.
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The Pain Catastrophizing Scale29 was used to assess
patients’ tendencies to catastrophize about their pain.
It consists of 13 items which represent a range of
catastrophic thoughts and feelings in response to the
experience of pain. Patients are asked to rate the degree to
which they have these thoughts and feelings when in pain.
High scores represent greater catastrophizing. The scale
can be divided into 3 subscales: rumination, magnifica-
tion, and helplessness. However, these subscales are
moderately to highly correlated and the total score has
high internal consistency (coefficient a=0.87).29 The
total score was used in the current study. The Pain
Catastrophizing Scale has good construct and criterion
validity29 and has been associated with levels of disability
in patients with soft tissue injuries even when controlling
for levels of depression and pain intensity.30

Hypervigilance to pain was assessed using the Pain
Vigilance and Awareness Questionnaire.31 This question-
naire consists of 16 items which measure on a 6-point
behavioral scale the extent to which people focus on or
attend to their pain. Like the Pain Catastrophizing Scale
it can be divided into smaller subscales or used as a total
scale.32 The total scale has good internal reliability and
construct validity.32 High scores on the Pain Vigilance
and Awareness Questionnaire have been associated with
pain intensity, psychologic distress, psychosocial disabil-
ity, and physician visits.31

Procedure
Ethical approval for this study was granted by the

Ministry of Health Ethics Committee. Patients were
invited to participate in the study on the first day of
their pain management program. The study involved
completing the same questionnaire 6 times over a 28-week
period. Patients were informed that this information
would be confidential to the research and that their
personal information would not be shared with the staff
involved in their treatment. Patients who provided
informed consent completed the baseline questionnaire
on this day. They also completed the same questionnaire
2 weeks into the program, and on the last day of the
4-week program. Patients were then sent follow-up
questionnaires at 1 month, 3 months, and 6 months
posttreatment. If the questionnaires were not returned,

patients were sent up to 3 reminder letters and were also
telephoned.

Data Analysis
All data analyses were conducted on SPSS for

Windows version 12. Pearson correlations were used to
explore interrelationships between the baseline variables.
A series of 1-way within-participant analysis of variance
(ANOVA) was used to answer the first research question,
which looked at change over time in relation to patients’
treatment outcome and cognitions. If the ANOVA was
significant, polynomial contrasts and post-hoc paired-
samples t tests using Bonferroni correction for multiple
comparisons were used to investigate the nature of the
change and the site of the differences. Mean scores across
all the variables were computed into percentage scores
(ie, scores out of 100) for comparability across the
Figures, but the original scale scores were used in the
analyses. Hierarchical regression was used to investigate
the relationships between change in the cognitive vari-
ables and change in outcome.

RESULTS

Interrelationships Between the Baseline
Variables

The intercorrelations between the cognitive vari-
ables and the 2 composite SF-36 scores are presented in
Table 1. There were small to moderate correlations
between most of the cognitive variables except for illness
coherence, which was only associated in a negative
direction with emotional representations. Control over
pain also showed fewer associations than the others, being
negatively correlated with catastrophizing, chronic timeline
beliefs, and emotional representations. The strongest
associations were between pain catastrophizing and pain
vigilance (r=0.50) and pain catastrophizing and emotional
representations (r=0.49). In most other instances, the
significant correlations ranged from 0.20 to 0.40.

Almost all of the cognitive variables were signifi-
cantly associated with the mental and physical compo-
nent scores. The exceptions were pain vigilance and the
physical component score and timeline and the mental
component score, although both these correlations were
in the expected direction. The strongest associations were

TABLE 1. Intercorrelations Between the Cognitive Variables and SF-36 Component Scores at Baseline

1 2 3 4 5 6 7 8 9

1. Pain Catastrophizing Scale 0.50*** 0.31* 0.27* 0.49** � 0.18 � 0.41** � 0.37*** � 0.51***
2. Pain Vigilance and Awareness Questionnaire 0.15 0.29* 0.28* 0.03 � 0.10 � 0.19 � 0.33**
3. IPQ-R consequences 0.35** 0.43*** 0.01 0.03 � 0.47*** � 0.41***
4. IPQ-R timeline 0.26* 0.05 � 0.28* � 0.32** � 0.21
5. IPQ-R emotional representation � 0.40*** � 0.19 � 0.46*** � 0.64***
6. IPQ-R coherence 0.24* 0.25* 0.31**
7. IPQ-R control 0.36** 0.30**
8. SF-36 Physical component 0.64***
9. SF-36 Mental component

*P<0.05; **P<0.01; ***P<0.001.
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between emotional representations and the mental
component score (r=0.64) and pain catastrophizing
and the mental component score (r=0.51).

Change in Outcome Data Over Time
Two separate 1-way within-participant ANOVAs

with time as the factor and the 2 SF-36 summary scores as
the dependent variables were used to determine whether
patients’ pain-related disability levels improved over the
28 weeks of the study. The means for the 2 SF-36
component summary scores across time are presented in
Figure 1. The results for the ANOVA for the Physical
Component Summary of the SF-36 indicated a significant
time effect, Greenhouse-Geisser=0.77, F (3,86)=8.37,
P<0.001. Follow-up polynomial contrasts indicated a
significant quadratic effect F (1,52)=20.84, P<0.001.
Figure 1 demonstrates that most of the gains in physical
functioning were made at the end of treatment and that
there was some drop off in improvement by 28 weeks
follow-up. However, post-hoc t tests, showed that the
baseline scores were significantly lower than those of all
the 5 follow-up points (P<0.001), suggesting that some
of the treatment gains were in fact maintained. A similar
pattern was evident for the Mental Component Summary
score. The ANOVA showed a significant time effect, with
Greenhouse-Geisser=0.77, F (4,37)=3.17, P<0.01.
Follow-up polynomial contrasts indicated a significant
quadratic effect F (1,52)=20.84, P<0.001, but post-hoc
t tests indicated that baseline scores were significantly
lower than scores at all 5 follow-ups (P<0.001).

Change in the Cognitive Variables Across Time
The percentage means over time for the 3 negative

illness representations subscales are presented in Figure 2.

The 1-way within-participant ANOVA for the timeline
variable showed that there was no significant time effect,
Greenhouse-Geisser=0.70, F (3,48)=1.44, P=0.23.

There was, however, a significant time effect for
both the consequences subscale, Greenhouse-Geisser=
0.80, F (4,01)=8.04, P<0.001 and the emotional repre-
sentations subscale, Greenhouse-Geisser=0.83, F (4,15)=
7.31, P<0.001. Follow-up polynomial contrasts indi-
cated a significant linear effect for both variables, with
patients’ beliefs about the consequences of their pain,
F (1,50)=15.22, P<0.001 and their emotional responses
to their pain, F (1,50)=19.49, P<0.001 both decreasing
over time. Examination of the means suggests that most
of the gains occurred during the 4 weeks of the program,
but that these gains were maintained at follow-up.

The percentage means over time for the 2 positive
illness representation scales are presented in Figure 3.
There was a significant time effect for both the pain
control, Greenhouse-Geisser=0.71, F (3,57)=3.09,
P<0.05 and the pain coherence subscales, Greenhouse-
Geisser=0.76, F (3,80)=16.55, P<0.001. Follow-up
polynomial contrasts indicated a significant linear effect
for both variables, F (1,50)=4.82, P<0.05 for the
control subscale and F (1,48)=37.46, P<0.001 for the
coherence subscale. However, examination of the means
shows an important difference between the variables.
Patients’ coherence or understanding of their pain
continued to improve over time, whereas their sense of
control remained largely unchanged across the 4 weeks of
the pain management program, and then decreased
slightly over the follow-up time points.

The percentage means over time for the Pain
Vigilance and Awareness Questionnaire and Pain Catas-
trophizing Scale are presented in Figure 4. The 1-way
within-participant ANOVA for the Pain Vigilance and

FIGURE 1. The SF-36 component summary scores across the
pain management program (baseline to 4 wk) and during
follow-up (8 to 28 wk).

FIGURE 2. The Illness Perception Questionnaire-Revised
(IPQ-R) negative dimensions across the pain management
program (baseline to 4 wk) and during follow-up (8 to 28 wk).
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Awareness Questionnaire indicated that there was no
significant time effect for hypervigilance to pain, Green-
house-Geisser=0.82, F (4,12)=0.86, P=0.50. There
was, however, a significant effect for the Pain Catastro-
phizing Scale, Greenhouse-Geisser=0.89, F (4,45)=
3.18, P<0.01. Follow-up polynomial contrasts indicated
this was a significant linear effect with patients’ pain
catastrophizing steadily decreasing over time, F (1,45)=
7.00, P<0.05.

The Relationship Between Change in
Cognitions and Change in Outcome

Hierarchical multiple regression analyses were used
to assess whether change in pain cognitions predicted
improvement in outcome. For these analyses, change

variables were created for the 7 cognitive variables by
subtracting patients’ baseline scores from their scores
collected at the end of the program (ie, at 4wk). These 7
variables represented the amount of cognitive change that
occurred across the pain management program. Two
separate regression analyses were conducted for each of
the SF-36 summary scores collected at end of the pain
management program, with the baseline SF-36 summary
score entered on the first step and the 7 cognitive change
variables on the second step. The results of these analyses
are presented in Table 2.

For the Physical Component Summary, baseline
levels accounted for 30% of the variance. The cognitive
change scores added a further significant 26% of the
variance, F (7,46)=7.19, P<0.001. Examination of the
b weights suggested that decreases in catastrophizing
about pain and in beliefs about the serious consequences
of the pain were the most significant predictors of
improved outcome. For the Mental Component Sum-
mary, baseline levels accounted for 37% of the variance
and the cognitive change scores an additional significant
23% of the variance F (7,46)=3.62, P<0.01. Decreases
in hypervigilance to pain and emotional responses to
pain, and an increase in understanding of pain were all
significant predictors of improved mental functioning.

DISCUSSION
The results show that a multidisciplinary pain

program is successful in improving pain-related disability.
Patients reported gains in both their mental and physical
well being, with maximum treatment gains reported at the
end of the 4-week pain management program. Over the
6-month follow-up period there was a small loss in
treatment gains, but patients were still functioning
significantly better at follow-up than before the program.

FIGURE 3. The Illness Perception Questionnaire-Revised
(IPQ-R) positive dimensions across the pain management
program (baseline to 4 wk) and during follow-up (8 to 28 wk).

FIGURE 4. The Pain Catastrophizing Scale and Pain Vigilance
and Awareness Questionnaire scores across the pain manage-
ment program (baseline to 4 wk) and during follow-up (8 to
28 wk).

TABLE 2. Results From the Linear Regression Analyses Where
the SF-36 Subscale Scores at the End of the Pain Management
Program Were Regressed on Baseline SF-36 Subscale Levels
and the Cognitive Change Scores

Mental

Component b
Physical

Component b

Step 1: Baseline variable 0.58*** 0.55***
R2=0.37*** R2=0.30***

Step 2: Change Variables
Pain Catastrophizing
Scale

� 0.12 � 0.27*

Pain Vigilance and
Awareness

Questionnaire

� 0.28* � 0.07

IPQ-R consequences � 0.12 � 0.29**
IPQ-R timeline 0.07 � 0.01
IPQ-R emotional rep. � 0.30* � 0.07
IPQ-R coherence � 0.24* 0.07
IPQ-R control 0.11 � 0.05

R2 change=0.23** R2 change=0.26**

*P<0.05; **P<0.01; ***P<0.001.
Control variables=outcome at baseline.
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These findings are in line with previous evaluations of this
particular program.33

The pain management program also had a positive
effect on patients’ pain cognitions. At the end of the
treatment patients showed significant decreases in their
tendency to catastrophize about their pain and these
changes were maintained at 6 months follow-up. In turn,
decreases in catastrophizing were associated with im-
provements in the physical component of the SF-36. This
component is a composite score of pain severity as well
how much pain and health status interferences with the
physical aspects of day-to-day life. Changes in catastro-
phizing across multidisciplinary pain programs have been
documented in a number of other studies,12–16 but only
one has shown that these changes are in fact maintained
over time.16 All of these studies have shown that a
decrease in catastrophizing is an important correlate or
mediator of improvements. The consistency of these
findings suggests that cognitive interventions aimed at
decreasing unhelpful interpretations about pain are an
important component of multidisciplinary treatments.

As far as we are aware, this was the first study to
assess pain representations using the IPQ-R across a
chronic pain management program. We found patients
reported a number of positive changes to their pain
beliefs. At the end of treatment there were significant
reductions in patients’ beliefs about the serious conse-
quences of their pain, and their emotional representations
of their pain. They also reported an increased sense of
coherence or understanding of their pain condition and
once again these changes were maintained at follow-up.

In line with our findings for catastrophizing,
changes in these illness representation dimensions were
associated with improvements across the pain manage-
ment program. Reductions in the perceptions of the
serious consequences of pain were associated with
improvement in the physical component of the SF-36,
whereas reductions in emotional representations of pain
were associated with increases in the mental component
of the SF-36. Thus, if patients are less distressed by their
pain their pain is less likely to interfere with their ability
to socialize and their general sense of well being.
Interestingly, an increased understanding of pain was
associated with a decrease in the mental component of the
SF-36. This may be because multidisciplinary pain
programs emphasise the biopsychosocial nature of pain,
and increasing patients’ understanding of the psychoso-
cial aspects of pain may result in them attributing some of
their pain-related disability to mental rather than physical
factors. This may have benefits in that it could lead to a
reduction in the physical aspects of disability. However,
this aspect warrants further attention, because if helping
patients to gain a more coherent view of their pain is
increasing their distress or social disability, this needs to
be dealt with during the treatment program. Eliciting
patients’ feelings and beliefs in the regard may be an
important way forward.

There were also cognitive dimensions that seem to
be unaffected by the pain program, including chronic

timeline and control beliefs. Indeed, by 6 months follow-
up, contrary to our hypothesis, there was actually
a significant decrease in patients’ beliefs about control
over pain.

The recent evidence that acceptance is an important
mediator of outcome in chronic pain treatment34 might in
part explain why timeline is not altered and lack of
change in this variable is not predictive of treatment
failure. Part of the process of acceptance is the realization
that pain is not necessarily going to remit. Thus, patients
may maintain their belief that their condition has a
chronic timeline, but are less distressed by this prospect as
suggested by their decreases in emotional representations.

More difficult to explain are the control belief
findings in this study. Previous studies have shown that
pain patients’ appraisals of control increase across
multidisciplinary programs and that increases are asso-
ciated with reductions in disability, pain severity, and
depression.14–16 The disparate findings in the current
study may reflect differences in measurement as previous
studies have measured control beliefs using instruments
such as the Pain Coping and Cognition checklist14 and
the Coping Strategies Questionnaire.15 These measures
focus on control as a coping strategy rather than a belief
about pain and, therefore, that may be more sensitive to
change. Alternatively, it may be that the Auckland Pain
Management Program is less successful in altering control
beliefs than other programs.

There was also no significant change in pain
vigilance at the end of the multidisciplinary program.
Although the change was not significant, some patients
did show a degree of change on this variable and change
in pain vigilance, predicted improvements in the mental
component of the SF-36. This may be because less
rumination about pain may free up attentional capacity
so that pain intrudes less on the mental aspects of
functioning.33

Limitations of this study need to be taken into
account. The sample size was relatively small, and we lost
24% of the consenting sample at 6 months follow-up.
However, there was a good response rate and data were
collected over 1 year of the program. Interestingly, a
telephone follow-up of patients that failed to attend the
long-term follow-up of this pain treatment program
indicated that outcomes for nonattendees were at least
as good as attendees.34 Another limitation is that we
cannot assess cause and effect in this study. It is possible
than changes in cognition occurred because of reductions
in disability, rather than the other way around. There
were also significant correlations between some of the
cognitive variables and it is possible that this created
colinearity in the regression equations, masking certain
significant effects. The study also relied exclusively on
self-report measures. Future studies in this area would
benefit from including independent ratings of physical
functioning and measures of medical or physiologic
indicators of pain.

Taking these limitations into account, this study
adds to the small body of literature suggesting that the
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cognitive components of multidisciplinary pain programs
are important mechanisms of change. In this study,
change in cognitive processes accounted for a unique 26%
of the variance in improved physical functioning and 23%
of the variance in mental functioning. Reductions in
catastrophizing and beliefs about the serious conse-
quences of pain were most strongly associated with
improved physical functioning and pain severity, whereas
reductions in pain vigilance and emotional representa-
tions of pain, and an increased sense of coherence about
pain were the best predictors of improved mental
functioning. From a clinical point of view these findings
suggest that interventions that specifically target these
beliefs may enhance the treatment effect. Particular focus
may be needed on interventions that help reduce vigilance
to pain. Although related to outcome in this study, the
Auckland program did not seem to significantly reduce
hypervigilance. Another variable that warrants further
attention both in terms of research and clinical applica-
tions is the concept of illness coherence. The increased
understanding that patients feel they have about their
pain might need to be explored in relation to how this
knowledge affects their mental well being. Finally, there
seemed to be a small drop off in treatment gains 6 months
posttreatment that suggests that follow-up booster
sessions may help patients maintain their improvements
or possibly continue to improve over time.
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