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Abstract
Aim The aim of this research was to establish base rate levels
of frequency and severity of concussion symptoms for nor-
mally developing New Zealand children aged 5 to 18 years. A
further aim was to compare the rates obtained through parental
report with a previous study based on the self-report of New
Zealand children aged 11–13 years and with studies conduct-
ed in the USA also based on parental report.
Method Parents completed an online survey composed of
items from the Post-Concussion Symptom Inventory–paren-
tal form (PCSI-p) with additional items from Couch and
Leathem (2011).
Results Symptoms of “irritability,” “frustration,” and “impa-
tience” were commonly reported on a daily or weekly basis,
and these symptoms plus “sadness,” “emotionality,” “fa-
tigue,” and “disorganisation” were reported at least monthly.
The mean severity rating of symptoms was low, with a weak
correlation between severity and frequency. Examination of
differences in PCSI-p total scores revealed no difference
across age bands. Self-report of symptom frequency was sig-
nificantly higher in the Couch and Leathem study than paren-
tal report in the same age group in the current study which
were in turn higher than reported by Sady et al. (Archives of
Clinical Neuropsychology, 29, 348-363, 2014) and Gioia et al.
(Journal of the International Neuropsychological Society,
14(S1), 204, 2008). There were no significant differences
found between males and females for total score, although

females scored significantly higher than males for
“emotionality.”
Conclusions Some symptoms of concussion are reported in
normally developing children in the absence of concussion.
Differences in methodology affect reported base rates, and
hence, when referring to base rates in a clinical setting, atten-
tion should be paid to the methodology used.

Keywords Children . Concussion .Mild traumatic brain
injury (mTBI) . Base rates . Post-concussion symptom
inventory (PCSI) . New Zealand

Head trauma is a common injury experienced by approximate-
ly 1% of children aged 0 to 14 years over a year period inNew
Zealand/Aotearoa and is sustained more frequently by boys
than girls, rural populations more than urban populations, and
by Māori children more than children of European descent
(Feigin et al. 2013). Feigin et al. (2013) reported a higher
incidence of TBI per 100,000 people (790 cases) than those
reported in comparable European countries (4 to 453 cases)
and North America (5 to 618 cases).

Most head trauma accompanied by neurological symp-
toms is termed mild traumatic brain injury (mTBI) or concus-
sion. The resulting physical, cognitive, and emotional symp-
toms generally resolve quickly (Babikian and Asarnow
2009); however, 3 months post-injury, 9–7 % of children
experience a cluster of on-going symptoms referred to as
post-concussive syndrome (PCS; Ayr et al. 2009; Barlow
et al. 2010). Determining the true incidence, prevalence,
and aetiology of PCS, however, is difficult (Iverson et al.
2010a) especially in children (Iverson and Lange 2011) with
PCS-like symptoms also reported by non-clinical populations
(Dean et al. 2012) and by those with psychological and other
medical issues (Iverson et al. 2010b). Chan (2001) reports
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that brain injury-like symptoms, such as tinnitus, difficulty
remembering, and headaches, are common in patients who
have not experienced head injury. These findings are similar
to previous studies that suggest that headaches, fatigue, anx-
iety, sleep difficulties, and irritability are also common in the
non-clinical population (Lees-Haley and Brown 1993).
Questionable specificity of PCS symptoms makes
distinguishing these symptoms from base rates for non-
clinical populations difficult; it is possible that normally oc-
curring symptoms are subsequently attributed to a brain inju-
ry (Dean et al. 2012). The symptoms may be caused by daily
stresses or other causes (Chan 2001).

Assessment of the presence and severity of PCS symptoms
is typically through interview and completion of self and/or
respondent questionnaires. Questionnaires may be subject to
bias, however, as endorsing of a list of symptom results in
more symptoms being reported than are reported in interviews
(Nolin et al. 2006). Further, the presence of symptoms prior to
head injury is often under-reported. One way of controlling for
false positive results is by setting reported symptoms against
base rates, i.e., the rate of specified criteria in the general
population (Murphy and Davidshofer 2005).

Four studies have looked at base rates of concussion
symptoms reported for children without concussion (healthy
controls). Couch and Leathem (2011) used a 38-item self-
report questionnaire adapted for 11 to 13 year olds from
Lees-Haley and Brown’s (1993) study with adults, while
Gioia et al. (2008) and Sady et al. (2014) used parent
and self-report versions of the Post-Concussion Symptom
Inventory (PCSI; Gioia et al. 2008) with 5 to 18 year olds.
PCSI refers to the self-report version of the measure,
whereas the PCSI parental form is abbreviated to PCSI-p
(Gioia et al. 2008).

Higher levels of symptom base rates were self-reported
by 11 to 13 year olds in Couch and Leathem (2011)
(similar to levels found by Lees-Haley and Brown
(1993) in the self-reports of an adult population) than
were reported by parents in Gioia et al. (2008) and Sady
et al. (2014) studies. The extent to which the differences
between the studies were due to variation in the methods
of measurement (self-report versus parental report and sin-
gle symptoms versus total symptom scores), the popula-
tions involved, and/or variation in the time period that
respondents were questioned on will be explored in the
current study.

Chan (2005) suggests that it is important to record
frequency and intensity of symptoms in addition to their
presence, as even though healthy controls exhibit PCS
symptoms, those with mTBI report a greater number of
symptoms and rate them as higher in severity. Grubenhoff
et al. (2011) caution, however, that symptoms graded on their
severity are inherently more subjective than a dichotomous
selection of the presence or absence of a symptom.

Previous research with children (Couch and Leathem 2011;
Sady et al. 2014) and with adults by Lees-Haley and Brown
(1993) found no significant gender differences in base rates.

Research Aims and Hypotheses

The current study aimed to establish base rate data for PCS-
type symptoms in healthy children aged 5 to 18 years in New
Zealand and to compare these with previous research by
Couch and Leathem (2011), Gioia et al. (2008), and Sady
et al. (2014).

It was hypothesized that symptoms rated as severe would
be reported less frequently than mild symptoms, that the fre-
quency of symptoms would decrease as reporting periods be-
came shorter, and that the frequency and severity of symptoms
reported by parents would be lower than symptoms reported
by children. It was also hypothesized that our results using the
PCSI-p would be similar to those reported by Gioia et al.
(2008) and Sady et al. (2014).

Methodology

Questionnaire

An online questionnaire was developed that included the 20
PCSI-p questions and the 35 questions used by Couch and
Leathem (2011). Twelve duplicate questions from the Couch
and Leathem questionnaire were eliminated, leaving 43 symp-
tom questions. Eight distractor items (symptoms not associat-
ed with concussion) used by Couch and Leathem were
retained. Where necessary items from the PCSI-p and Couch
and Leathem’s questionnaire were modified so that the
resulting questionnaire had consistent and logical syntax,
e.g., Couch and Leathem’s item “feel dizzy,” the PCSI-p’s
phrasing “appears or complains of dizziness,” in the current
study were changed to “have they appeared or complained of
dizziness…”. The questionnaire included questions regarding
the severity of symptoms and the time frame in which symp-
toms were observed.

Demographic information on age, gender, location, eth-
nicity, and socioeconomic status (SES) was gathered at the
start of the questionnaire, to ensure that the population was
representative of the general population. The Australian
Socioeconomic Index 2006 (AUSEI06; McMillan et al.
2009) questions on employment were used as an approxi-
mation of SES, and for parents not in employment, educa-
tion level was used as a proxy for SES. The research was
approved by Massey University Human Ethics Committee
reference 14/56.
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Procedure

The target school was a co-educational state integrated Steiner
school, in Auckland, New Zealand.1 It was selected because
the school had students across the age range targeted in this
research (5 to 18 years). On approval from the school’s Board
of Trustees, information about the study with a link to an on-
line questionnaire was sent to parents through the school’s
email system. Parents were asked to forward it on to other
parents whomight alsowish to participate. Accordingly, while
it is likely that most of the participants came from that school,
some could have come from elsewhere. No incentive was
offered to parents for completing the questionnaire, other than
the explanation that the information gathered in the research
would be helpful in the treatment of childhood concussion.
Factors that may have influenced parents to respond besides a
wish to contribute to research included having the time to
answer the questionnaire and access to a computer.
Complaints or symptom endorsements by parents of their chil-
dren’s symptoms were taken at face value and not evaluated
on whether symptoms were observed or not. The question-
naire was hosted on the secure Qualtrics survey system.
Power calculated using G Power, with effect size d of 0.5
(medium size), alpha error 0.05, and power 0.95, indicated
that the total number of participants required was 220.

Participants

Parents were excluded if they were not currently a resi-
dent in New Zealand and if their child was still
experiencing symptoms of concussion (7 respondents;
2.6 %). Parents who reported that their child had expe-
rienced a head injury or concussion at some stage but
were not now experiencing symptoms related to this in-
jury were included (23.6 %; n= 61, but only 44 complet-
ed the questionnaire).

Of the 272 eligible participants who attempted the
questionnaire, 222 completed it although some completers
chose not to answer some demographic questions. With a
school roll of 645, this represents a response rate of 42 %,
although as noted above, this is likely to be inflated due
to parents of the target school forwarding on the email.
Characteristics of children and parents are shown in
Table 1 below and the percentage of participants who
answered each question is stated along with the number
of participants this represents.

Results

Frequency

Table 2 shows the percentage frequencies (daily, weekly, and
monthly) of concussion symptoms. Symptoms occurring at
least weekly (daily and weekly combined) were “irritable”
(45.7 %), “impatient” (45.7 %), “frustrated” (45.1 %), “emo-
tional” (39.3 %), and “disorganized” (39.1 %).

Total positive symptom scores were calculated from the
sum of monthly, weekly, or daily scores (participants were
only able to select one of these categories; so, their answer
would not be counted multiple times), meaning these children
were reported by parents to experience that symptom at least
once a month. The total positive symptom score resulted in
seven symptoms being reported by more than half of the par-
ticipants, “frustrated”—66 %; “irritable”—65.1 %; “sad”—
62.6 %; “emotional”—60.7 %; “impatience”—57.6 %; “fa-
tigued”—52.2 %; and “disorganized”—50.7 %. Asking re-
spondents to report symptoms experienced at least once a
month (total positive symptom frequency) produced signifi-
cantly higher rates than over the previous 24 h (U=709.50,
p<0.05, r=−0.20). Distractor items (symptoms not associat-
ed with mTBI/concussion) tended to be at the lower end of
reported total positive symptom scores. The results were ex-
amined to investigate a potential confound between the symp-
toms reported by parents who stated their child had previously
experienced concussion but who were not currently
experiencing related symptoms (n=44), and those children
who had never experienced a concussion (n=168). There
was no significant difference found between these two groups
(U=888.50, ns, r=0.38).

Severity

Table 2 also shows the mean severity ratings related to each
symptom. Severity was measured on a scale of 0 to 6 (0=no
problem, 6= severe problem). The mean severity rating across
all symptoms (calculated for only those children who were
rated as having a problem, i.e., rated 1–6, N=) was 1.79.
Analysis showed that there was a weak correlation between
frequency and severity, r= .335, p<0.05. For example, the
symptom with the highest severity rating “noise” (2.32) was
reported by only 21.4 % of parents, compared to the most
frequently reported symptom “frustrated,” (2.08) reported by
66.0 % of parents.

Age Bands

The PCSI-p uses age bands for data analysis of base rate
differences, i.e., 5 to 7, 8 to 12, and 13 to 18 years, and the
total positive symptom scores (symptoms reported at least
monthly) for each these age bands are also shown in

1 State integrated schools in New Zealandmust deliver the state education
as well as their special character education, in this case Steiner education,
which is based on the teachings of Rudolf Steiner.
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Table 2. There was no significant difference found between
the age bands for total positive symptom frequency using the
Kruskal-Wallis test, H(2)=0.330, p=0.848. The most com-
monly reported symptom “frustration” was examined using
theMann-WhitneyU test for the lowest age band (5 to 7 years)
and the highest age band (13–18 years), and a significant
difference was found (U = 1270.50, p < 0.05, r = −0.28).
Symptoms reported in the different age bands for the PCSI-p
total score showed no significant difference (H(2)=0.259,
p=0.879). Comparison of the lowest band (Mdn=3) with
the highest band (Mdn=3) revealed no significant difference
on the PCSI-p total symptom scores (U = 1679.00, ns,
r=−0.03).

Parent Versus Self-report

Table 3 shows the results of parents’ reports for 11 to 13 years
old in the current study compared to the self-report of 11 to
13 years old reported by Couch and Leathem (2011).
Comparison of total positive symptom scores for symptoms

experienced at least monthly using the Mann-Whitney U test
showed that there was a significant difference between the
studies (Mdn = 29.5), U = 355, p < 0.01, r = −0.36. The
Couch and Leathem results were higher due predominantly
to higher endorsement by children across all symptoms (in-
cluding distractor items), whereas parents clearly endorse
some but not all symptoms. No significant different differ-
ences were seen between the top 10 symptoms in the present
study using parental report compared to Couch and Leathem
using self-report by children.

Comparison of the current study with US studies

The PCSI-p includes a rating scale of 0 (no symptom) to 6
(severe symptom), and hence, parents rate both presence and
severity of symptoms in one item. As shown in Table 4, par-
ents in the current study reported more symptoms during the
past 24 h than in the Sady et al. (2014) study over the same
period, i.e., parents in the United States (US) were more likely
to say (mean 95.1 %) that their child had no problem of any

Table 1 Demographic variables
Children Parents

Demographic
variable

Percentage
(n)

Demographic variable Percentage (n)

Age 5 11.0 (28) Employment Clerical/Administrative 8.5 (17)

6 8.3 (21) Community/Personal
service

14.6 (29)

7 11.4 (29) Manager 10.1 (20)

8 9.4 (24) Professional 57.8 (115)

9 12.6 (32) Sales work 5.5 (11)

10 6.7 (17) Technical/Trade 3.5 (7)

11 8.3 (21) Labourer 0.0 (0)

12 5.9 (15) Machinery driver/operator 0.0 (0)

13 6.7 (17) Not employed 10.4 (23)

14 4.7 (12) Highest
education

Left school before year 9 0.0 (0)

15 4.3 (11) Completed year 9 0.0 (0)

16 5.5 (14) Completed year 10 0.0 (0)

17 3.5 (9) Completed year 11 0.0 (0)

18 1.6 (4) Completed year 12 9.8 (5)

Gender Male 53.1 (135) Post-school diploma 29.4 (15)

Female 46.9 (119) Post-school degree
or higher

60.8 (31)

Ethnicity NZ European 79.1 (200)

Other European 6.3 (16)

Māori 5.9 (15)

Pacific peoples 1.2 (3)

Asian 4.4 (11)

Other 3.2 (8)

Location Urban 86.9 (219)

Rural 13.1 (33)
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severity over all symptoms than parents in New Zealand (NZ)
(mean 77.4 %). NZ parents were more likely to rate difficulty
with symptoms of “irritability,” “emotion,” “concentration,”
“sadness,” “fatigue,” and “remembering”, than US parents.

The total symptom severity score for a child on the PCSI-p
is calculated by adding together the scores for each of the 20

PCSI-p questions. The total possible score is 120 (i.e., if every
symptom was endorsed as severe), and it is the total PCSI-p
score that is recommended by the developers to be used in
clinical practice, although clinicians may prefer to use indi-
vidual items. In previous research, Gioia et al. (2008) reported
a mean total symptom severity score of 2.2 (SD=4.8) on the

Table 2 Concussion symptom frequency (monthly, weekly, daily, past 24 h) and severity for total sample, males, and females

Symptoms Frequency Total positive symptoms Severity (n)

n Monthly
% (n)

Weekly
% (n)

% Daily
(n)

Total Age bands (years) Gender

5–7
(n)

8–12
(n)

13–18
(n)

Female
(n= 104)

Male
(n= 111)

Frustrated 215 16.3 (45) 28.8 (62) 16.3 (35) 66.0 (142) 76.8 (53) 67.4 (64) 49.0 (25) 67.3 64.9 2.08 (146)
Irritable 232 19.4 (45) 27.6 (64) 18.1 (42) 65.1 (151) 65.2 (45) 73.7 (70) 52.9 (27) 74.0 58.6 1.93 (154)
Sad 230 29.1 (67) 27.0 (62) 6.5 (15) 62.6 (144) 71.0 (49) 67.4 (64) 49.0 (25) 69.2 59.5 1.76 (146)
Emotional 229 21.4 (49) 28.4 (65) 10.9 (25) 60.7 (139) 69.6 (48) 21.1 (59) 51.0 (26) 76.0 48.6 1.94 (142)
Impatient 217 12.9 (28) 31.3 (68) 13.4 (29) 57.6 (125) 71.0 (49) 55.8 (53) 45.1 (23) 68.3 48.6 1.92 (126)
Fatigued 224 24.6 (55) 23.2 (52) 4.5 (10) 52.2 (74) 53.6 (37) 53.7 (51) 47.1 (24) 60.6 44.1 1.75 (119)
Disorganised 215 11.6 (25) 22.8 (49) 16.3 (35) 50.7 (109) 36.2 (25) 59.6 (56) 54.9 (28) 49.0 52.7 2.00 (112)
Concentration 223 12.1 (27) 19.7 (44) 12.1 (27) 43.9 (98) 33.8 (23) 45.3 (43) 51.0 (26) 42.3 43.6 2.21 (103)
Restlessness 217 13.8 (30) 18.0 (39) 10.6 (23) 42.4 (92) 36.2 (36) 59.6 (41) 54.9 (15) 43.3 42.3 1.75 (94)
Trouble sleeping 215 15.3 (33) 16.3 (35) 8.4 (18) 40.0 (56) 42.0 (29) 41.1 (39) 35.5 (18) 43.3 36.9 2.27 (88)
Nervousness 230 21.7 (50) 13.5 (31) 4.3 (10) 39.6 (91) 49.3 (34) 38.9 (37) 31.4 (16) 45.2 36.0 2.05 (92)
Fights 215 12.1 (26) 11.6 (25) 6.0 (13) 29.8 (64) 30.4 (21) 37.9 (36) 13.7 (7) 30.8 28.8 1.59 (67)
Headaches 240 20.4 (49) 8.3 (20) 0.4 (1) 29.2 (70) 23.2 (16) 31.9 (30) 31.4(18) 30.8 27.3 2.23 (74)
Worried about health ^ 217 20.3 (44) 5.5 (12) 1.8 (4) 27.6 (83) 26.1 (18) 28.4 (27) 29.4 (15) 28.8 27.0 1.81 (60)
Remembering 224 6.3 (14) 9.8 (22) 6.7 (15) 22.8 (51) 13.0 (9) 27.4 (26) 25.5 (13) 24.0 20.7 1.94 (54)
Slept more 236 16.5 (39) 5.1 (12) 0.8 (2) 22.5 (53) 18.8 (13) 25.5 (24) 23.5 (12) 23.1 22.7 1.47 (57)
Noise sensitivity 234 9.8 (23) 7.7 (18) 3.8 (9) 21.4 (50) 31.9 (22) 18.9 (18) 13.7 (7) 26.0 18.0 2.32 (53)
Nausea 239 14.6 (35) 4.2 (10) 1.3 (3) 20.1 (48) 21.7 (15) 17.0 (16) 23.5 (12) 25.0 15.5 2.07 (48)
Clumsy 221 8.1 (18) 8.6 (19) 2.7 (6) 19.5 (42) 17.4 (12) 24.2 (23) 15.7 (8) 22.1 18.0 1.74 (44)
Lack of interest 215 9.8 (21) 8.8 (19) 0.9 (2) 19.5 (42) 14.5 (10) 18.9 (18) 27.5 (14) 20.2 18.9 1.76 (44)
Confused with tasks 221 9.5 (21) 6.8 (15) 2.7 (6) 19.0 (42) 14.5 (10) 23.2 (22) 19.6 (10) 20.2 18.9 1.64 (44)
Drowsy 235 10.2 (24) 6.8 (16) 0.9 (2) 17.9 (42) 53.6 (37) 53.7 (51) 47.1 (24) 19.2 16.2 1.63 (44)
Everyday tasks 215 3.7 (8) 8.4 (18) 4.7 (10) 16.7 (36) 11.6 (8) 18.9 (18) 19.6 (10) 17.3 16.2 1.67 (38)
Foggy 229 5.7 (13) 7.9 (18) 3.1 (7) 16.6 (38) 8.7 (6) 21.1 (20) 19.6 (10) 22.1 11.7 1.83 (42)
Foot pain ^ 215 11.6 (25) 1.9 (4) 1.4 (3) 14.9 (32) 10.1 (7) 17.9 (17) 15.7 (8) 12.5 17.1 2.16 (33)
Finding words 215 6.5 (14) 6.0 (13) 0.9 (2) 13.5 (29) 20.3 (14) 8.4 (8) 13.7 (7) 12.5 14.4 1.43 (29)
Hearing 215 8.4 (18) 7.0 (15) 3.3 (7) 13.5 (40) 15.9 (11) 23.2 (22) 13.7 (7) 20.2 17.1 1.88 (41)
Back pain ^ 219 8.3 (18) 3.7 (8) 0.5 (1) 12.4 (16) 5.9 (4) 14.7 (14) 18.0 (9) 12.5 12.8 2.04 (29)
Neck pain ^ 217 9.7 (22) 2.3 (5) 0.0 (0) 12.0 (27) 14.5 (10) 11.6 (11) 9.8 (5) 8.7 15.3 1.84 (26)
Reading 215 2.3 (5) 3.7 (8) 4.2 (9) 10.2 (19) 11.6 (8) 12.6 (12) 3.9 (2) 10.6 9.9 2.24 (22)
Light sensitivity 234 5.1 (12) 3.4 (8) 0.4 (1) 9.0 (21) 5.8 (4) 8.4 (8) 13.7 (7) 6.7 10.8 2.00 (22)
Dizziness 237 6.8 (16) 1.7 (4) 0.0 (0) 8.4 (20) 2.9 (2) 7.4 (7) 15.7 (8) 9.6 6.4 2.25(20)
Answering questions 220 2.3 (5) 4.1 (9) 1.4 (3) 7.7 (17) 7.2 (5) 6.3 (6) 11.8 (6) 7.7 8.1 1.29 (18)
Speech 215 2.3 (5) 4.2 (9) 0.9 (2) 7.4 (16) 13.0 (21) 5.3 (5) 3.9 (2) 7.7 7.2 1.53 (15)
Visual 224 5.4 (12) 1.8 (4) 0.0 (0) 7.1 (16) 5.8 (4) 7.4 (7) 7.8 (4) 8.7 5.4 2.13 (16)
Balance 238 3.4 (8) 0.4 (1) 0.0 (0) 3.8 (9) 1.4 (1) 5.3 (5) 3.9 (2) 5.8 1.8 2.00 (11)
Trembling 219 2.7 (6) 0.5 (1) 0.0 (0) 3.2 (7) 4.3 (3) 2.1 (2) 3.9 (2) 5.8 0.9 1.14 (7)
Shoulder pain ^ 215 0.9 (2) 0.5 (1) 0.5 (1) 1.9 (4) 1.4 (1) 3.2 (3) 0.0 (0) 1.9 1.8 2.00 (4)
Bleeding ^ 215 1.4 (3) 0.5 (1) 0.0 (0) 1.9 (4) 0.0 (0) 3.2 (3) 2.0 (1) 1.9 1.8 1.25 (4)
Pain in elbow ^ 219 1.8 (4) 0.0 (0) 0.0 (0) 1.8 (4) 1.4 (1) 3.2 (3) 0.0 (0) 0.9 2.7 1.00 (4)
Broken bones ^ 219 0.5 (1) 0.0 (0) 0.5 (1) 0.9 (2) 2.9 (2) 0.0 (0) 0.0 (0) 1.9 0.0 2.00 (2)
Numbness 215 0.9 (2) 0.0 (0) 0.0 (0) 0.9 (2) 1.4 (1) 0.0 (0) 2.0 (1) 0.0 1.8 1.50 (2)
Seizures 215 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 0.0 0.00 (0)

Note. ^ = distractor items. Numbers in brackets indicate the number of participants. Daily indicates that the symptom is experienced on average everyday.
Past 24 h indicates that the symptom was experienced in the previous 24 h, but does not specify how frequently the symptom is experienced. Questions
for each symptom questions have been abbreviated for clarity in all tables. The number of participants in different age bands varied depending on the
number of responses for each symptom who had also completed the demographic questions. The number of participants for gender was n = 215 (222
participants minus those children whowere still experiencing symptoms related to a head injury and those who did not complete the gender demographic
question). Severity relates to severity for those children whose parents rated them as having some difficulty.
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PCSI-p which is considerably lower than obtained in the cur-
rent study=6.3 (SD=9.2 range 0–69).

In contrast, Sady et al. (2014) report the mean severity for
each symptom on the PCSI-p rather than the total symptom
severity score. As is also seen on Table 4, comparison between
the Sady et al. results for “Today and Yesterday” compared to
the last 24 h in the current study (calculated by adding the total
score 0–6 divided by the number of participants for each

symptom) again reveals significantly higher levels of
reporting in terms of severity by NZ parents than US parents
(Mann-Whitney U test Mdn = 29.5), U = 355, p < 0.01,
r=−0.36).

Gender

Results for males and females are also reported in Table 2.
Analysis by Mann-Whitney U test showed that there was no
significant group difference on the PCSI-p for total positive
symptom frequencies, U = 809.50, ns, r = 0.07 (male
Mdn=17.1; female Mdn=20.2) or total symptoms scores,
U=4988.50, ns, r=0.11 (male Mdn=3; female Mdn=4).
However, reporting group statistics can obscure variation at
the individual symptom level and one symptom “emotional”
stood out. Mann-Whitney U analysis showed that there was a
significant difference in reporting for “emotional” between
males and females with a small to medium effect size
U=4195.50, p<0.01, r=0.28, with females rated higher.

Discussion

The current research aimed to establish base rate data for PCS-
type symptoms in a control group of non-concussed children
aged 5 to 18 years in New Zealand and to compare these to
previous research by Couch and Leathem (2011), Gioia et al.
(2008), and Sady et al. (2014)).

It was hypothesized that symptoms rated as severe would
be reported less frequently than mild symptoms, that the fre-
quency of symptoms would decrease as reporting periods be-
came shorter and that the frequency and severity of symptoms
reported by parents would be lower than symptoms reported
by children. It was also hypothesized that our results using the
PCSI-p would be similar to those reported by Gioia et al.
(2008) and Sady et al. (2014).

This research shows that many symptoms associated with
concussion such as irritability, emotion, concentration, sad-
ness, fatigue, and remembering are commonly experienced
as part of normal childhood and that more symptoms are
reported over a month, than over shorter periods. Because
children experience some of these symptoms on a regular
basis, the presence of single symptoms may not provide
good discriminatory evidence for the presence of symptoms
due to concussion. Failure to consider base rates may lead to
false positive diagnoses.

Couch and Leathem (2011) results were recalculated to
produce an “at least once a month” category so that results
could be compared to the current study. This involved sum-
ming their results for the frequency of symptom occurrence
for 1 month or less. Comparison with results of the current
study with Couch and Leathem (2011) results for 11 to
13 years old revealed a significant difference, due primarily

Table 3 Total positive symptom frequencies for 11 to 13 years old
compared to previous research by Couch and Leathem (2011)

Symptoms This study Couch and
Leathem (2011)

N monthly % (n) n monthly % yearly %

Frustrated 48 54.2 (26) 97 41.4 74.0

Irritable 47 51.1 (24) 97 55.7 79.4

Sad 43 48.8 (21) 97 43.3 70.1

Impatience 47 44.7 (21) 97 33.0 62.9

Fatigued 45 44.4 (20) 97 49.5 72.2

Disorganised 43 44.2 (19) 97 38.5 63.5

Concentration 51 37.3 (19) 97 37.5 60.4

Restlessness 43 32.6 (14) 97 39.7 52.1

Trouble sleeping 45 31.1 (14) 97 39.6 65.6

Nervousness 43 27.9 (12) 97 45.9 70.8

Fights 47 25.5 (12) 97 16.6 43.7

Headaches 43 20.9 (4) 97 43.3 68.0

Worried about health ^ 51 19.6 (10) 97 26.8 44.3

Remembering 43 18.6 (8) 97 34.3 49.0

Nausea 45 17.8 (8) 97 29.5 64.2

Lack of interest 43 16.3 (7) 97 19.8 36.5

Confused with tasks 50 16.0 (8) 97 37.4 60.4

Everyday tasks 50 14.0 (7) 97 26.0 43.7

Foot pain ^ 44 13.6 (6) 97 37.5 56.2

Finding words 44 13.6 (6) 97 38.6 64.6

Hearing 43 11.6 (5) 97 33.3 55.2

Back pain ^ 43 11.4 (5) 97 27.8 49.5

Neck pain ^ 47 10.6 (5) 97 29.9 52.6

Reading 43 9.3 (4) 97 22.9 34.4

Dizziness 50 6.0 (3) 97 24.9 47.9

Speech 43 4.7 (2) 97 20.6 47.4

Visual 50 4.0 (2) 97 15.8 29.5

Balance 43 2.3 (1) 97 24.0 36.5

Trembling 43 2.3 (1) 97 12.3 21.6

Shoulder pain ^ 43 2.3 (1) 97 19.8 38.5

Bleeding ^ 43 0.0 (0) 97 16.7 42.7

Pain in elbow ^ 43 0.0 (0) 97 14.6 20.6

Broken bones ^ 43 0.0 (0) 97 10.5 17.2

Numbness 43 0.0 (0) 97 13.6 28.1

Seizures 43 0.0 (0) 97 4.1 8.3

Note. ^ = Distractor items.

104 J Pediatr Neuropsychol (2016) 2:99–107



to children endorsing all items, including those rated as occur-
ring infrequently by parents. There was no significant differ-
ence between the two studies in the top 10 most commonly
reported symptoms. Some symptoms such as “headaches,”
“worried about health,” “remembering,” and “confused with
tasks” reported more by children than parents may have been
because the symptoms are less apparent or obvious to parents
than the more observable externalizing symptoms about
which there was concordance. This tendency has been previ-
ously reported by Murphy et al. (1998).

These results also support the findings of Sady et al. (2014)
who found that the self-report of uninjured participants pro-
duced a higher endorsement of symptoms than parental report
and a moderate concordance (r=0.44–0.65) between parental
and self-report versions of the PCSI. Using both methods of
data collection would be ideal, but there are practical difficul-
ties in gathering self-report data from young children. Sady
et al. (2014) found that the PCSI form for children aged 5 to
7 years was less psychometrically sound than other versions
of the form and that interpretation of self-report forms for
younger children should be made with caution. They empha-
size the usefulness of parental report for the collection of data
for young children.

Sady et al. (2014) found that parents of children without
concussion were less likely to report symptoms in their chil-
dren than anticipated, with 63 % of parents reporting on the
PCSI-p that their child had no symptoms at all over the 48 h
previously (compared to only 20 % of children themselves
reporting no symptoms over that period). By comparison, in
the current study, only 16.4 % of parents reported no concus-
sion symptoms at all on the PCSI-p over the past 24 h (a rate
closer to children’s self-reporting in Couch and Leathem’s
(2011) New Zealand study. Sady et al. (2014)) suggest that
their lower than expected rate may have been because parents
are less aware of symptoms experienced by their children
when there is no overt reason, such as illness or injury. The
difference could also be due to the different methods of data
collection. The New Zealand study was conducted online,
whereas the US parents completed the pencil/paper version
in a waiting area while their child was undergoing tests as part
of a larger study.Which of these two methods has revealed the
most accurate true incidence of the base rates in normally
developing children remains unclear.

The current study shows that while many symptoms are
experienced frequently, they were not necessarily the most
severe with only a weak correlation found between severity

Table 4 Percentage for total
positive symptom score and mean
severity scores of PCSI-p
symptoms for current study and
Sady et al. (2014)

Symptoms Current study1 (last 24 h) Sady et al. (2014) (today and yesterday)

Total % 1 M (SD)2 Total % M (SD)

Irritable 49.1(114) 0.94 (1.24) 22.0 0.20 (0.62)

Emotional 38.0 (87) 0.75 (1.24) 10.0 0.16 (0.59)

Concentration 30.9 (69) 0.61 (1.13) 8.0 0.15 (0.55)

Sad 33.9 (78) 0.58 (1.02) 5.0 0.08 (0.38)

Fatigued 33.0 (74) 0.58 (1.05) 10.0 0.14 (0.49)

Nervousness 21.7 (50) 0.41 (0.96) 4.0 0.07 (0.38)

Headaches 41.5 (90) 0.36 (0.96) 14.0 0.30 (0.82)

Remembering 16.5 (37) 0.31 (0.88) 6.0 0.09 (0.41)

Noise 14.1 (33) 0.27 (0.83) 2.0 0.04 (0.29)

Nausea 12.1 (29) 0.24 (0.76) 1.0 0.07 (0.39)

Foggy 12.7 (29) 0.23 (0.70) 2.0 0.02 (0.19)

Drowsy 13.2 (31) 0.23 (0.75) 7.0 0.11 (0.45)

Clumsy 11.8 (26) 0.21 (0.68) 2.0 0.02 (0.20)

Slept more 17.2 (37) 0.20 (0.75) 4.0 0.07 (0.37)

Confused with tasks 12.2 (26) 0.19 (0.58) 3.0 0.04 (0.27)

Light 7.7 (18) 0.14 (0.64) 3.0 0.04 (0.32)

Visual 5.8 (13) 0.09 (0.44) 1.0 0.03 (0.24)

Dizziness 5.5 (13) 0.08 (0.40) 2.0 0.03 (0.28)

Answering questions 4.1 (9) 0.06 (0.32) 1.0 0.01 (0.14)

Balance 3.8 (9) 0.05 (0.31) 1.0 0.01 (0.14)

1. N varied for each item

2. Percentage of respondents rating (1 slight problem-6 severe problem)

3. Mean of scores (0–6)
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and frequency. Accordingly, as well as enquiring about the
frequency of symptoms, as suggested by Chan (2005), the
clinician should seek to establish the severity of the symptoms
as this may lead to better differentiation of baseline symptoms
from symptoms due to post-concussion effects.

Gioia et al. (2008) reported a low total symptom score
using the PCSI, which suggests that concussion symptoms
are uncommon in a normally developing population, whereas
the current study found a considerably higher rate (e.g., that
49.1 % of children without concussion had been irritable in
the past 24 h). While reporting symptoms over the previous
24 h may increase the accuracy of reporting, symptoms that
are experienced on a fairly regular basis will be missed—this
study found that the most frequently endorsed symptoms were
experienced weekly.

The PCSI-p items ask about the presence and severity of
symptoms experienced. Sady et al. (2014) report base rates for
individual symptoms on the PCSI-p, but do not report the total
symptom score (which may be used in clinical practice as part
of the neuropsychological assessment process). While the
presence of any individual symptom response may be consid-
ered an indication of possible concussion, further investiga-
tion about the possible significance of that symptom is re-
quired and an awareness of the base rate may be helpful in
that respect. Using ameasure with a base rate of less than 15%
may lead to an increase in false negatives (Gouvier et al.
2002). Whether the base rate refers to a total symptom score
(one score for entire scale) or an individual symptom should
be considered when using base rate data.

Limitations

Of the 272 participants who attempted the questionnaire, 50
failed to complete it.While there may have beenmany reasons
for non-completion, it is possible that the repetitive question
format may not have sustained the participants’ interest or
even have been irritating.

The research aimed to recruit at least 220 participants in
order to achieve sufficient power for statistical analysis.
However, because of the number of demographic variables
analyzed, it would have been ideal if there were larger num-
bers of participants in each demographic category. This could
be the focus of future research in this area.

Conclusion

This research reported base rates data for common symptoms
related to concussion for children aged 5 to 18 years.
Differences in reported base rates in children by Couch and
Leathem (2011), Gioia et al. (2008), and Sady et al. (2014)
may be explained by the different methodological approaches.
Couch and Leathem (2011) explored the frequency of

symptoms while Gioia et al. (2008) and Sady et al. (2014)
explored the severity of symptoms in the past 24 h/yesterday
and today. Significant differences were found between paren-
tal and self-report data, but further research is required in this
area. Both forms of report are useful, but there are difficulties
with using self-report in young children to establish base rates.
Many symptoms were found to be experienced on a regular
basis by children, but it should be noted that the severity of
these symptoms was low. Gathering data over the previous
24 h may exclude information, but frequency data from the
past year may increase reporting errors. This study supports
the view of Chan (2001) who asserted that it was clinically
useful to know both the frequency and severity of symptoms.
This study provides information about both the frequency and
severity of symptoms and produces base rates for individual
symptoms as well as the composite scores that the PCSI-p
uses. So, from the same data source, base rates can be
interpreted as low for the PCSI-p, medium-high for the fre-
quency of some symptoms experienced in the past 24 h, or
that symptoms are commonly of minor severity. These differ-
ences highlight the need for caution when reporting and
interpreting base rate symptoms for clinical use.
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