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Psychometric Evaluation of the Standardized 
Assessment of Concussion
Evaluation of Baseline Score Validity Using Item Analysis
Brian G. Ragan, PhD, ATC; Stephen D. Herrmann, MS, ATC; Minsoo Kang, PhD; and Mick G. Mack, PhD

ABSTRACT
The Standardized Assessment of Concussion (SAC) is a concus-
sion screening tool used in identifying concussions by measur-
ing performance decreases compared with baseline scores. 
This places great importance on valid baseline and postinjury 
scores. The objective was to examine baseline psychometric 
properties of SAC items using item analysis. One hundred forty-
seven healthy adults (n = 72 men, n = 75 women; age =18-59 
years) completed all 3 SAC versions in random block order. Item 
analysis examined item difficulty (.1 > P < .92) and discrimina-
tion (point-biserial correlation > .1). Acceptable items met both 
criteria. All 3 SAC versions had few acceptable items (A = 33%, 
B = 30%, C = 27%). Most items were too easy (76%). No orienta-
tion, 7% of immediate memory, and 60% of concentration were 
acceptable. Most SAC items have unacceptable psychometric 
properties when used to establish baseline cognitive abilities, 
which questions the validity for postinjury score comparisons.

Mild traumatic brain injuries (MTBI), also 
known as concussions, are a serious concern 
that affect athletes and the general public.1 A 

traumatic brain injury is defined as a blow or penetrating 
force to the head, which leads to a disruption of normal 
brain function.2 Mild traumatic brain injuries account for 
85% of the 1.5 million head injuries that occur annually 
throughout the United States; approximately 300,000 
of these occur in sport-related activities.3,4 Langlois et 
al5 have reported that sport-related traumatic brain in-
juries are severely underestimated. They estimated that 
approximately 1.6 to 3.8 million sport-related traumatic 
brain injuries occur each year.

Memory, attention, and information processing 
are some of the cognitive functions that are affected 
by MTBI.6-9 The accurate measurement of these func-
tions is vital for health care professionals to identify 
and manage MTBI. It is important to use standardized 
tests for the assessment of an individual’s cognitive 
status and severity after sustaining an MTBI. Several 
brief diagnostic screening tools have been developed 
that can be used to evaluate changes in an individual’s 
cognitive status. For example, the Mini-Mental Status 
Examination (MMSE)10 is commonly used with older 
adults and other cognitively impaired populations. 
In sports medicine, the Standardized Assessment of 
Concussion (SAC) was created to provide team phy-
sicians, athletic trainers, and other medical profes-
sionals involved in the care of sport-related MTBI 
with a quick standardized, objective, screening tool 
for use on the field.11-13 

Unlike the MMSE, which uses a criterion-referenced 
standard14 (ie, cut-score) for identification of cognitive 
dysfunction, the SAC uses an individual-centered stan-
dard. This approach is used in sport-related MTBI assess-
ment protocols and is recommended by the National Ath-
letic Trainers’ Association.15,16 The individual-centered 
standard requires testing to document the athlete’s base-
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line (noninjured or healthy) cognitive skill level, which is 
then compared to their postinjury cognitive level.17

Identifying dysfunction using an individual-centered 
standard places great importance on a valid and reliable 
baseline test score.18 If a baseline test is not accurate, any 
postinjury comparisons would be unreliable and attenu-
ate the sensitivity and specificity of the instrument.17 The 
article by Ragan and Kang17 provides a more detailed de-
scription of the types of testing standards used in concus-
sion testing.

There have been some psychometric evaluations of 
the SAC, specifically addressing reliability and validity 
evidence.19-22 The sensitivity of the SAC has been report-
ed to range between 0.72 and 0.78.19,20 Conversely, the va-
lidity and utility of the SAC has been called into question 
because of significant ceiling effects and a lack of data to 
support its clinical use,23,24 yet it is still identified as a tool 
to use in MTBI assessment.15,16 

In addition, all previous psychometric investigations 
of the SAC have used total test score and subscale scores 
for analysis.19-22 Although these summary measurements 
are needed, one of the most fundamental evaluations is 
noticeably missing. An item analysis of the SAC, which 
evaluates the psychometric properties of the items on a 
test, has not been reported. A valid and defendable test 
must be constructed with items that have the proper psy-
chometric properties, item difficulty and discrimination. 
An item analysis evaluates each item on a test or instru-
ment for difficulty (ie, too easy, acceptable, or too diffi-
cult) and its ability to discriminate between examinees (ie, 
high performers versus low performers; concussed versus 
nonconcussed). Despite some initial success, the validity 
and serious methodological shortcomings remain prob-
lematic while using the SAC to identify sport-related 
concussion. These issues may adversely influence medi-
cal professionals’ decision making and management of 
MTBI. The purpose of this study was to perform an item 
analysis on the SAC to examine its validity as a baseline 
measure for use with an individual-centered standard. 

Method

Participants
A total of 147 healthy adult participants (n = 72 men, 
n = 75 women; age [mean6SD] = 21.3661.7 years) who 
were not currently experiencing symptoms of a concus-
sion volunteered for this study. All participants were 
college students from 2 midwestern public universities 

located in small communities. Participants were recruit-
ed from various classes and did not receive compensa-
tion. 

Instruments
The SAC test was designed to assess the acute cogni-
tive functions of an individual before and after suffer-
ing a suspected head injury in ,5 minutes. The SAC 
test evaluates 4 domains, or sections: orientation, im-
mediate memory, concentration, and delayed memory, 
which are frequently affected by MTBI. There are 3 
versions of the SAC that have been reported to be 
equivalent.11 The immediate memory, concentration, 
and delayed memory sections contain unique items on 
each version, whereas the orientation section of all 3 
versions is identical. The test is scored by adding the 
number of correct responses; 5 points can be scored 
in each of the orientation, concentration, and delayed 
memory sections, and 15 points within the immediate 
memory section. There are a total of 30 points pos-
sible.11

Procedure
The procedures for this one-time observational design 
study were approved by the university’s institutional 
review board prior to testing. Each participant read and 
signed an informed consent. The SAC test was admin-
istered in a quiet laboratory setting by 1 of 3 examin-
ers following the guidelines in the SAC administration 
manual.11 Items from the 3 versions of the SAC were 
combined to create a new longer test, which took ap-
proximately 10 minutes to administer. The new test 
contained 78 unique items from the 3 versions. There 
are 6 common items (5 orientation items and the last 
concentration item, “months in reverse order”) admin-
istered once. In addition, 24 unique items on each of the 
3 versions were administered for a total of 78 unique 
items. Counterbalancing was used to control for se-
quencing effects by administering the subscales of the 
SAC in random block order. The random block orders 
were ABC, BCA, CAB to counter any order effect. For 
example, Version A (30 items) would be administered, 
followed by immediate memory in B (15 items), con-
centration in B (4 items), delayed memory in B (5 items), 
immediate memory in C (15 items), concentration in C 
(4 items), and, finally, delayed memory in C (5 items). 
The Figure illustrates the counterbalance procedures for 
the 3 versions of the SAC.
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Data Analyses
Descriptive statistics for each version of the SAC were 
calculated. An item analysis was performed using 2 
psychometric statistics—item difficulty and item dis-
crimination, which were used to ultimately make an 
item determination. The acceptable range for these psy-
chometric statistics were determined a priori based on 
the type of testing standard used and the recommenda-
tions set forth by the National Organization for Com-
petency Assurance (NOCA) handbook,25 which sets 
recommendations and standards for high stakes testing 
(eg, licensing examinations). It is logical that this type 
of cognitive screening instrument be treated as a high 
stakes test considering the consequences of MTBI. 

Item Difficulty. Item difficulty (P) refers to the pro-
portion of examinees who answered the item correctly. 
The acceptable range of item difficulty recommended 
by the NOCA depends on the type of standard used 
for interpretation. The acceptable range for a criterion-
referenced standard is .33 to .92, whereas a wider range 
(.1 to .92) is recommended for an individual-centered 
method or norm-reference standard. Because the 
individual-centered testing standard is recommended,16 
an acceptable P range was set between .1 and .92 to allow 
for wide range of item difficulties.25 An item with a P < 
.1 was considered too difficult. This means that ,10% of 
the examinees answered the item correctly. Conversely, 

an item with a P > .92 was considered too easy, which 
indicates almost all of the examinees responded correctly. 
Items that are too easy or difficult provide little useful 
information about the participants’ baseline cognitive 
ability level. 

Item Discrimination. Item discrimination is the item’s 
ability to distinguish between different levels of exam-
inees. An item that discriminates well will have a higher 
percentage of top performers answer the item correctly. 
A point-biserial correlation represents the relationship 
between a dichotomous variable (ie, correct or incor-
rect) and a continuous variable (ie, test score). A point-
biserial correlation > .1 is considered an appropriate level 
of item discrimination.25 A correlation of , .1 indicates 
that the item lacks appropriate discrimination. Because 
the individual-centered method is required and a wide 
range of item difficulties is needed, the acceptable item 
discrimination threshold is affected. Point-biserial cor-
relation suffers from attenuation as the split between 
top and bottom performers deviated further away from 
50%.26 To ensure items would be included that measure 
the top and bottom performs (ie, extremes) and assessed 
fairly, the point-biserial threshold was set consistent with 
NOCA recommendations at 0.1.

The individual-centered standard used in the SAC 
requires a comparison between postinjury score and the 
individual’s baseline score.16 This intra-individual com-

Figure. Standardized Assessment of Concussion random block counterbalancing procedure. The number of items is presented within the paren-
theses.
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parison requires the test to accurately measure a wide 
range of abilities; otherwise the usefulness of compari-
son (postinjury to baseline) is unwarranted. A test with 
a wide range of item difficulties is necessary to ensure 
accurate baseline test scores, which can be used to accu-
rately measure the amount of cognitive dysfunction. 

Item Determination. Each item was classified as either 
acceptable or unacceptable. For an item to be considered 
acceptable, it must have both an appropriate item diffi-
culty and acceptable item discrimination. If one or both 
of these criteria were not satisfied, the item was consid-
ered unacceptable. 

Results
The mean score, standard deviation, and Guttman-
Cronbach alpha for each version was calculated. Ver-
sion A had a mean score of 26.762.5 and alpha = 0.65; 
version B was 26.462.2 with alpha = 0.52; and version 
C was 27.261.8 with alpha = 0.44.

Item Difficulty
The item analysis indicated that no items were too dif-
ficult. However, a substantial number of items were too 

easy (version A = 19, 63%; version B = 19, 63%; and 
version C = 21, 70%). The SAC items based on item dif-
ficulty classifications are presented in Table 1. The mean 
item difficulty and range for each section is presented 
for all 3 versions in Table 2. As indicated in Table 2, all 
of the immediate memory and the orientation sections 
have a mean difficulty greater than the 0.92 threshold, 
indicating that the sections are too easy.

Item Discrimination
The results indicated that each version varied in the 
number of items that had appropriate discrimination; 
Version A had 21 items (70%), version B had 23 items 
(77%), and version C had 14 items (47%). The immedi-
ate memory section was the most varied and problem-
atic. Item discrimination results are presented in Table 3 
based on point-biserial correlations, listed by SAC ver-
sion and section. 

Item Determination
Item determination indicated, based on the results, that 
the 3 SAC versions had very few items that obtained 
acceptable difficulty and discrimination. Version A had 

Tab  l e  1

Item Classification Based on Item Difficulty (Item Number)a

SAC Section Test Version
Acceptable Item Difficulty  

(.1 > P < .92)
Unacceptable Item Difficulty  

(P < .1 or P > .92)

Orientation

   A 1, 2, 3, 4, 5

   B 1, 2, 3, 4, 5

   C 1, 2, 3, 4, 5

Immediate memory

   A 10, 15 6, 7, 8, 9, 11, 12, 13, 14, 16, 17, 18, 19, 20

   B 8, 9 6, 7, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20

   C 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20

Concentration

   A 22, 23, 24, 25 21

   B 22, 23, 24, 25 21

   C 22, 23, 24, 25 21

Delayed memory

   A 26, 27, 28, 29, 30

B 26, 27, 28, 29, 30

   C 26, 27, 28, 29, 30

Abbreviation: SAC, Standardized Assessment of Concussion.  
a The item number used indicates the placement of the items on the SAC. For example, item number 6 would be the 6th item on the particular version of the SAC. It also would be the first 
immediate memory item.
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10 (33%), version B had 9 (30%), and version C con-
tained only 8 (27%) items that met both criteria. Table 
4 depicts the item determinations for all items on the 3 
versions. All of the common orientation items were un-
acceptable. Acceptable items in the immediate memory 
section varied among the versions: version A had 2 of 
15 (13%), version B had 1 of 15 (7%), and version C 
had 0 of 15 (0%). The concentration section in all ver-
sions contained 3 of 5 (60%) acceptable items. All 3 ver-
sions had 5 of 5 (100%) acceptable items for the delayed 
memory section. 

Discussion
The results of this study question the validity of the SAC 
as an adequate baseline measure of orientation, immedi-
ate memory, and concentration. Many of the items (63% 
to 70%) were too easy, provided little information, and 
could be eliminated during baseline testing. Although 
these items are not useful during baseline testing, they 
may be appropriate for postinjury testing. This abun-
dance of easy items supports previous reports of ceil-
ing effects, specifically with baseline testing using the 
SAC.23 Additional items lacked appropriate discrimina-
tion and should be deleted from baseline testing. Thus, 
only 8 to 10 items remain depending on the version. 
Perhaps more significantly, all 5 of the orientation items 
and 87% to 100% of the immediate memory items were 
deemed unacceptable. These results seriously threaten 

the construct validity of the SAC. On the basis of the 
item analysis, the SAC is essentially a delayed memory 
test. 

The lack of difficult items is also problematic for a 
different reason. The SAC does not have the ability to 
accurately measure the true ability of many individuals, 
as most questions are relatively easy. Thus an individual 
receiving a maximum score of 30 may actually have a true 
ability of 36. After experiencing a concussion, the SAC 
would not be able to identify a 6-point decrease in cog-
nitive ability, whereas a 3-point decrease is supposed to 
indicate an MTBI.19,20 This failure to assess the extent of 
cognitive impairment in many individuals highlights seri-
ous validity and methodological issues of the SAC. 

The evaluation of each item using an item analysis is 
critical in establishing test validity prior to clinical use.25,27 
Results using these analyses in the current study indicate 
that more difficult items must be developed to accurately 
measure the healthy baseline cognitive function so that 
clinically relevant comparisons can be made with the 
individual-centered method. Although the orientation 
section is not expected to discriminate between examin-
ees with high ability, other cognitive functions measured 
by the SAC, such as immediate memory, concentration, 
and delayed memory, are expected to have a wide dis-
tribution of abilities. It is these sections that must have 
appropriate items to assess both baseline and injured 
cognitive status. If a wide range of abilities like immedi-

Tab  l e  2

Descriptive Statistics of Item Difficulties (P)

SAC Section Test Versiona No. of Items
Mean Section Difficulty  

(Mean ± SE) Range

Orientation A 5 0.9760.01b 0.93-1.00

B 5 0.9760.01b 0.93-1.00

C 5 0.9760.01 b 0.93-1.00

Immediate memory A 15 0.9560.02 b 0.69-1.00

B 15 0.9660.01 b 0.85-0.99

C 15 0.9960.00 b 0.97-1.00

Concentration A 5 0.7360.10 0.33-0.95

B 5 0.7360.10 0.33-0.99

C 5 0.7560.10 0.36-0.97

Delayed memory A 5 0.7960.02 0.75-0.90

B 5 0.6960.03 0.58-0.79

C 5 0.7560.02 0.71-0.84

Abbreviation: SAC, Standardized Assessment of Concussion. 
a Version A, mean difficulty = 0.89; version B, mean difficulty = 0.88; version C, mean difficulty = 0.91. 
b Indicates that the section difficulty was too easy.
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ate memory is not expected, then the need for a baseline 
measure is unnecessary. 

In addition to the classification of items as acceptable 
or unacceptable, another interesting finding was the ex-
amination of the mean item difficulty and range for each 
section across the 3 versions. For example, the immedi-
ate memory section difficulties vary across versions. The 
most difficult immediate memory section of the SAC 
was version A (mean = 0.95, range = 0.69-1.0). This was 
different from the easiest immediate memory section on 
version C (mean = 0.99, range = 0.97-1.0). In fact, none 
of the 15 immediate memory items of version C were ac-
ceptable for baseline scores. Similar variations are seen in 
the delayed memory sections in which there was a 10% 
difference in difficulty level (version A = 0.79; version 
B = 0.69). The delayed memory section of version B was 
the most difficult. These differences in section difficulty 
between the versions calls into question the version (test) 
equivalence. The test version may not be of equal diffi-
culty. 

Differences in item difficulty between the versions also 
demonstrate the inappropriate summing of the 4 sections 
to produce a total score without controlling or adjusting 
for the item difficulty.28,29 The range of item difficulties 
varies between domains and versions. For example, in 
the immediate memory section, the most difficult item 
on version A had a P of 0.62, whereas the most difficult 
item of version C had a P of 0.96. This represents a huge 

difference in item difficulty. This difference can lead to an 
incorrect assessment. 

For instance, if an individual was administered version 
C (easiest version) at baseline, he or she most likely would 
have scored very well. Following a suspected MTBI, ver-
sion A (most difficult version) was administered result-
ing in a decrease in test performance score. This decrease 
in score may not necessarily be a result of cognitive im-
pairment but instead, the difference in version difficulty. 
Another scenario could occur if the tests were given in 
the reverse order. It is common clinical practice to reduce 
testing effects by administering an alternative version of 
the SAC at the postinjury assessment.11

Because of the difference in difficulty between the 
versions (tests), it would also be inappropriate to use a 
summed section score for potential comparison with-
out making adjustments. The difference in performance 
scores could be due to the difference in item difficulty 
and not changes in cognitive function. Controlling for 
item difficulty between domains and versions is needed 
to make valid comparisons. If the difficulty of the items is 
not carefully controlled, the reliability of the measure may 
suffer.17 To clinically adjust for these differences, more 
research applying advanced psychometric procedures is 
needed and should be the focus of future research.

Another interesting interpretation of the results is that 
there could be 2 types of items: items that will work with 
an individual-centered standard and items that work in 

Tab  l e  3

Item Classification Based on Item Discrimination (Item Number)

SAC Section Test Version
Acceptable Item Discrimination 

(point-biserial correlation > .1)

Unacceptable Item 
Discrimination  

(point-biserial correlation < .1)

Orientation A 2, 3 1, 4, 5

B 2, 3 1, 4, 5

C 2, 3 1, 4, 5

Immediate memory A 7, 8, 9, 10, 12, 13, 14, 15, 17, 20 6, 11, 16, 18, 19

B 6, 8, 10, 11, 12, 13, 14, 15, 16, 17, 19, 20 7, 9, 18

C 7, 10, 19 6, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 20

Concentration A 21, 22, 23, 24 25

B 21, 22, 23, 24 25

C 21, 22, 23, 24 25

Delayed memory A 26, 27, 28, 29, 30

B 26, 27, 28, 29, 30

C 26, 27, 28, 29, 30

Abbreviation: SAC, Standardized Assessment of Concussion.
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a criterion-referenced standard. Table 4 depicts the item 
classification based on the current baseline and postin-
jury model. Most of the concentration items and delayed 
memory have acceptable item statistics, indicating they 
are appropriate for the individual-centered standard. 
These items allow for discrimination and variability in 
individuals’ scores. The orientation and immediate mem-
ory items do not function appropriately and therefore 
do not provide useful information at the baseline test-
ing session for follow-up comparisons. However, these 
items may be useful in identifying MTBI when used as a 
criterion-referenced standard. This type of standard does 
not require a baseline score and uses a threshold or cut-
score to determine group membership. These items may-
be appropriate when used in this manner. For example, 
when an individual cannot recall person, place, or time 
and has trouble immediately reciting 5 words, a clinician 
can use this straightforward information to conclude that 
an MTBI or worse has occurred. With different types 
of items and testing standards possibly contained in the 
SAC, it is not surprising that the instrument has some 
inherent measurement issues.

The results from this study demonstrate the need for 
item analyses to be performed on screening tools and tests. 
This is especially critical for health-related tests because 
of the potential implications for clinical diagnosis and 
management of many health conditions. It also questions 
the validity of the SAC to be used as a baseline measure 
for sport-related concussion. These results do not address 

the SAC being used with a criterion-referenced standard, 
but only with an individual-centered standard where a 
baseline score is needed. However, the results should be 
interpreted with caution, as no single test should be used 
as the sole indicator of MTBI assessment and manage-
ment. Although the sample of participants was reflective 
of a typical group to which the SAC is administered (ie, 
college-aged), the validity of the SAC through item anal-
ysis in other populations such as high school age (another 
target population for the SAC) has not been determined. 
It is possible the item statistics would vary based on age 
and education level.30

The traditional item analysis approach used in this 
study suggests that additional test development proce-
dures are warranted. More advanced approaches such 
as Item Response Theory31 or Rasch modeling32,33 may 
be of use. These techniques are often used to overcome 
psychometric problems commonly associated with tra-
ditional methods (see Zhu, Timm, & Ainsworth29 for an 
in-depth review) and are currently used in standardized 
test development and psychological measurement. The 
suggested models place items and examinees on the same 
common metric. This allows for the examination of the 
spread of the items, the location, redundancy, and gap-
ping, which provides better insight into the measurement 
capabilities of the test. It also is the foundation for com-
puter adaptive testing.34,35 

Further research should increase the number of ac-
ceptable SAC items. Increasing the number of acceptable 

Tab  l e  4

Item Determination Based on Both Acceptable Psychometric Properties:  
Item Difficulty and Discrimination (Item Number)

SAC Section Test Version Acceptable Item Determination Unacceptable Item Determination

Orientation A 1, 2, 3, 4, 5

B 1, 2, 3, 4, 5

C 1, 2, 3, 4, 5

Immediate memory A 10, 15, 6, 7, 8, 9, 11, 12, 13, 14, 16, 17, 18, 19, 20

B 8 6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20

C 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20

Concentration A 22, 23, 24 21, 25

B 22, 23, 24 21, 25

C 22, 23, 24 21, 25

Delayed memory A 26, 27, 28, 29, 30

B 26, 27, 28, 29, 30

C 26, 27, 28, 29, 30

Abbreviation: SAC, Standardized Assessment of Concussion.
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items can be accomplished by modifying existing items or 
by pilot testing additional items. Once developed, more 
advanced analysis techniques should be used to ensure 
an adequate number of psychometrically sound items for 
multiple versions of the SAC. The need for this rigorous 
development process in medical professions is long over-
due. These steps are necessary to provide physicians and 
athletic trainers with accurate information when making 
decisions concerning MTBI identification, management, 
and eventually the return-to-play decision. 	 n
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