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Given the wide~prcad use and high-stakes nature of educalional standardized assessments. Ul1dcrsl~ndin!; 
faclOrs that affect t~sHakin!; abi lity in young adults is vital. Although scholarly allemion h;J.l; often 
focused on (I\:mobr.lphic factors (e.g .. gender nnd race). sun1cicntly prevalent acquired characteristics 
may alS() help cx!)lain widespread individual d ifferences 011 standardi7.e<1teSIS. In particular. thi~ ankle 
focuses on the role that posllraurnatic stress symptoms (PSS) polentially play in stundanli/.cd academic 
ilSS<:ssrncnts, Using a military sample 1J1C:IliUred Ill'fore and after exposure to war·zonc S\!e$SOl"S. the 
aUlhors SOUghl \0 explain t'-'SHaking ability difTcll.'ACe$ with respect to symptoms of PTSD on two 
cObflitive t:l$ks thaI closely match Mandardizcd test constructs. TIle primary ~Ihod for this :analysis is 
1xIsed on an il('m response theory with oovariall!S approach. findings suggest that the efTect rOf' I'SS is 
significant on boIh Ia.ds. panicularly for those who experience the highest levels of PSS folluwing 
,,'ar-lOne CAposure. Finding$ provide potentially valuable infonnation regarding the nature of the 
relationship belween I'SS and verbal and logical reasonin!; Ie$! performance. 

Ke-,"l\~mls: slandardi;u:d lesling. poslLraummic ~tre.'iS disorder. lest taking 

As nearly every U.S. college applicant can attest, the majority 
of domestic" college~ and universities require standardized tests for 
admission to undergr.lduate. gradU:lle. and professional pmgr.uns. 
Although controversial (Baron & Nonnan. [992; FairTcsl. 20(6). 

tests such as the Scholastic Aptitude Test (SAT). the Graduate 
RL'Cord Examination (GRE). and others are valued by higher 

educational institutions as predictors of first-year student grade 
point average (Bridgeman. McCamley-Jenkins. & Ervin. 2000) 
and gradllale school succe~s (Burton & Wang. 2(X)5) and as a n 

efficient measure of underlying traits such as mmh or f\!adi ng 
ability. Given Ihe widesp read LIse and high-stakes namre of these 
assessments. understanding faclors that affect lest-taking ability in 

young adults is vital. 
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Factors th:1I are largely determined by birth. such as gender and 
nice. are important to any converSlilion about fair and equitable 

testing (for examples of these types of sludies. see Arbuthnot. 
2005; Holland, Hoffman. & Thompson. 2002; Ramist. Lewis. & 
McCamley-Jenkins. 1994; Schmill & Dornns. 1990). Although 
scholarly allention has often focused on these birth f:lclOrs. suffi­

ciently prevalent acquired charllcteristics may also help exp[:lin 
widespread individual di fferences on standardized tests. In partie. 
u[ar. this article focuses on the ro[e thm symptollls of posttraumatic 
stress disorde r (P1'SD) potentially play in academic assessmenlS. 

PTSD is associated with symptoms such as intrusive thoughts. 
poor concentration. and hypervigi[ancc to threat in the environ­
ment that could be predictcd \0 interfere with test taking. More-
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ogy. Tulane Universily: and the imernatiollal Associalion for the 
Evaluation of Edu('ationai Achievement. Hamburg. Germany. We arc 
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the study anti I"" clTort.~ of Ihe kcy mi litary personnel who facilitaled 
conduct of the ~lUdy for their Unil~. We also lhank Dan anti Lynda King for 
their valuabLe and con~cth'c fct."tIback. 

Correspomcocc CQnCCf1ling this anicle ~k1 be din:ctcd to Lco;[ic Rut · 
J.:OW$li, who is now 31 the International Association for the Evaluation of 
Educational Athic'ICTIICnI. o.ua ~ing and Resean:il Center. Me.xikoring 
37. 22297 Hamburg. Germany. E .. mail: Jeslie,nnl.:owski@iea.ctpc.dc 
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over, ~ growing literature suggests that PTSD is associated with 
anention. working memory, and other cognitive deficits (Brewin, 
Kleiner. Vasterling, & Field. 2007: Hart et al.. 2008; Vasterling & 
Brailey. 20(5) th;n could likewise adversely affect perfonnancc on 
standardized academic tests. 

A continuum of posnraumatic stress symptoms (PSS). including 
those sufficiently severe as to reach criteria for IYfSD, may result 
from exposure to any extreme tmumatic stressor such as military 
combat. physical and sexual ass~ult. child abuse, disasters, or 
accidcnL~ (American Psychiatric Association IAPAI, 2(00). In 
recent U.s. history, Hurricane Katrina, Operation Iraqi Freedom 
(Olrl/Operation Enduring Freedom. and the terrorist attacks of 
September II. 2001. typify events that might trigger PSS or PTSD. 
Current diagnostic classifications group PTSD symptoms into 
three clusters: (a) reexperiencing of the traumatic event (e.g., 
nightmares, intrusive thoughts), (b) avoidance of stimuli associ­
ated with the traumatic event and numbing of general res(X>nsive­
ness (e.g., restricted roltlge of affed, loss of in terest in previously 
engaging activities), and (c) increased arousal symptoms (e.g .. 
poor conceillration, sleep disturlxmce). 

Many Americans are exposed to inner-city violence. family 
violence, rape. (md other extreme stress. The National Comorbidi ty 
Study- Replicate (Kessler et aI., 2005) estimated the lifetime prev­
alence of VTSD in a nationally representative community-based 
sample to Ix 6.8%. The prevalence of PSS and PTSD may be even 
higher in at -risk populations such as W(Lr-7.one veterans. For ex­
ample. according to a major study of Vietnam-era veterans (Kulka 
et a1.. 1990), nearly a third of men (30.9%) and over a quarter of 
women (26.9%) who served in Vietnam experienced PTSD at 
some point in their lives. with an additional 21.5% of men and 
21.5% of women experiencing a subset of PTSD symptoms that 
were notable but not sufficiem to meet full diagnostic criteria. 
Reanalysis of a male-only subset of the same Vietnam sample but 
with more stringent diugnostic crileriu found an adjusted lifetime 
PTSD figure of 18_9% (Dohrenwend et aL 10(6). Nonpopulation­
based samples of OIF veterans have revealed screening-based 
estimates of PTSD that range from 11.6% to 12.9% among re­
cemly returned military personnel (Hoge et at., 2004: Vasterling ct 
al .. 2006), with rates increasing over time (Mill iken, Auchterlonie. 
& Hoge. 2007). A combined sample of U.S service members 
deployed to Iraq or Afghanistan demonstrated screening-based 
IYfSD rates of 13.8% (Schell & Marsh~ll, 2008). with new onset 
r.Jles of 7.6% among combat-exposed study participants (Smith et 
a1.. 2008). The prevalence of I'TSD among the groups outlined 
above suggests thm if deleterious effects of PTSD on test-taking 
ability are found, a large group of people could be at a significant 
disadvantage in testing situations used for promotion or college 
udmission. 

Several studies have examined cross-sectional relationships be­
tween chronic PTSD and pcrfOnllanCe on the types of constructs 
measured in standardi7_oo assessments for college admissions. 
finding that IQ scores arc in\"CrseJy related to PTSD symptom 
severity (Brandes et aI., 1(Xl2; Gil. Caley. Greenberg, Kugelmass. 
& Lerer. 1900; Gilbemon, Gurvits, Lasko, Orr. & Pitman, 200 1: 
Gurvits et a1.. 2(xlO. 1993; Vasterling, Brailey, Constans. Borges. 
& Sutker, 1997: VasterJing et aI., 2002). In particular. Brandes et 
al. (2002) and Vasterling et al. (2002) found Pearson correlations 
of approximately ~ .30 between measures of PTSD symptoms and 
measures of intelligence. In a study relying in part on archival 

military data, Macklin et a!. (1998) likewise found th;lt current 
intellectual perfomlance was in\'ersely related to PTSD symptom 
severity with a partial correlation of -.37. However. cross· 
sectional associations between postcombal measures of current 
intelligence and PTSD symptom severity were no longer signifi­
cam ;lfter contrOlling for preCOlllbat intelligence estimated from 
archival records, suggesting that prccombat intel1igence may have 
cre;ltcd additional ri~k of PTSD. rather than PTSD affecting imel­
lectual perfonnance. 

The literature eX;lmining the relationships between exposure to 
violence (a common predictor of PTSD) and the academic 
achievement of ado)es<:ents and adults also suggests an association 
between traumatic experiences and standardi7.ed test perfonnance. 
For example, Schwab-Slone el al. (1995) documented a significam 
negative relationship between direct exposure to violence and 
sehool achievemcm in a sample of over 2.000 adolescents in an 
urban community. A similar study (Schwartz & Gonnan. 2003) 
(ound a negative relationship between exposure to community 
violence and academic functioning as measured by a standardized 
test of achievement and gr.Jde poim average_ Examining associa­
tions specifically between PTSD and achievement in Lebanese 
adolescents exposed to frequent occurrences of violence such as 
terrorist attacks and artillery fire, S~igh. Mroueh, and Bremner 
(1997) found that those adolescents with PTSD. compared with 
those withom PTSD. had lower levels of s<:holastic achievement 
on the Metropolitan Achievement Test. a standardi7.ed index of 
academic achievement in the arells of reading. mathematics. and 
language. 

Missing from the liter.Jture, however. is prospective research 
allowing greater inferences regllrding Ihc potential causal pathway 
between PSS and test tllking. The current study uses prosp.."'Clively 
gathered dllta fr011\ the NeufOCognition Deployment Health Study 
(NDJ-IS: Vasterling et a!.. 2006) to examine potential changes in 
test-taking ability as a (unction of PSS. The study from which the 
data arc drawn included neurocognitive and emotional assessment 
of a cohort of 1,595 U.S. Anny soldier.;, many of whom eventually 
deployed to Iraq in the support of OIF. Some of the neurocognitive 
tasks administered in this study evaluated processes similar to 
those measured in a standardized testing environment. R.elevant 
measures include tasks assessing 10gicllI reasoning and vocabu­
lury- cognitive skills measured on standardi~_ed tests such as the 
SAT. ACT, and GR.E. The availability of both pre- and postwar­
... one neurocognitive and PTSD symptom data makes the data set 
uniquely suited to examine the effects of !'SS on standardized test 
perfonnance. 

Because the current study targets how the examinee's ability to 
correctly answer a standardi ... ed test question is affected by the 
acquired characteristic of PSS. item response theory (1RT) models 
were fit to the data. In IRT. responses to items are viewed as 
observable indicators of an individual's latent ability in which all 
examinees (and items) can be placed on a common scale to assess 
how much of the latent trait an examinee has and how much of the 
latent trait an examinee needs to correetly lInswer items with high 
probability. The current analysis uses IRT with covariates (Adams, 
Wilson , & Wu. 1997; de Boeck & Wilson. 2004: Zwinderman. 
1991, 1997) to examine the relationship between PSS and test­
laking ability as evidenced by responses to two tasks that tap skills 
simil~r to those measured on standardized tests. To control (or the 
possibility that study participants suffered from PSS prior to OIF 
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war-zonc exposurc. we included an effect for predcploymcnt PSS 
in the modeL 

The addition of covari:ues in the traditional IRT model is 
particularly uscful for nexible modeling of cmegorical survcy and 
assessment data and for explaining individual differences. Al­
though IRT is typically limited tn dc~criptive uses (as outlined 
above), IRT with covariates is also useful for explanatory pur­
poses. Given this laller use. the study can investigate a possible 
relmionship betwcen responses to items on a test and other vari­
ables related to the item or the examinee (for a detailed discussion 
of IRT. see de Boeck & Wilson. 2004; Embretson & Reise, 2000). 

Based on the potential for PSS and associated cogn itive impair­
ment to interfcrc with st:mdardizcd tesL~. it was hypothesized that 
standardized test performance would be negatively affected by the 
acquisition or exacerbation of PSS. Specifically. we predicted that 
after taking into account baselinc standardizcd tcst scorcs, combat 
experience, and baseline levels of PSS. postdeployment PSS 
would be negatively associated with vocabulary and reasoning 
test-taking ability. Findings provide potcntial!y valuable informa­
tion regarding the nature of the relationship between PSS and 
verbal and logical reasoning test perfomlance. 

Method 

Study IJL'Sign and Sumpling 

Participants were drllwn from the larger NDHS study sample. 
The currcnt study included only those from the larger cohort (N = 
654) who (a) were active-duty Army soldiers_ (b) deployed to the 
Iraq war zone during the first wave of NDHS data col!ection. and 

Table I 

(c) completed predeployme1ll assessmelJls (Time 1. between April 
and December 2(03) and postdeployment :JS:>es~ments (Time 2, 
between lanuary and May 20(5). In the larger study, sampling was 
conductcd at the battalion Icvel. with battalions chosen to reneet 
heterogeneous deployment experiences (Vasterling et al.. 2006). 
Based on power calculations and anticipated participation and 
attrition rates, a target sample sil.t~ of 850 deploying soldiers was 
selected for the larger study. Participants. referred at random to the 
study by battalion cOllmmndcp.>. consented individually and were 
offered a way to exit the study area unobserved if they declined to 
participate. At the individual level, exclusion criteria included 
pending separation from military service or reassignment or phys­
ical limitations. 

Sample C haracteristics 

Sample demographic characteristics can be found in Table 1. By 
occupational specialty our sample was as follows: infantry (/I = 
234). maintenance (electronics and mechanical: II .=. 152), COm­
munications and intelligence (n = 101), health care (n = 43), 
support and administration (n = 43), supply (n = 54). other (II = 
27). In assessing the occupalional distribution of the sample. it is 
irnport;\1I\ to consider that OlF has been characterized by high 
levcls of combat exposure, even in tnlditiona!1y noncombat occu­
pational specializations. The proportion of part icipams experienc­
ing scvcral types of combat experiences, as measured by a modi­
tied version of the Combat Experiences module of the Dcployment 
Risk and Resilience Inventory (King. King, & Yogt, 2003), are 
included in Table 2. 

De.\"(·riplil"1! Siulis/ics for Sample Used ill Curren! Study 

Dcscriplive N % Minimum Maximum M Sf) 

Age 65' 17.68 46.48 25m 5.25 
Gcndn 653 

Femate " 8.56 
Male 597 91.28 

High!.';;t gmde level (schoot) 653 8.00 18.00 12.46 1.25 
Years in the Anny 653 0.00 24.00 HI 4 .26 
Marital SWtus 654 

Single 305 46."' 
Married 297 45.41 
Divorced/separated 47 7. t9 
Liv ... · in partner 5 0.76 

Gender (% male) 600 91.70 
Racdcthnicily 654 

African American 106 16.21 
Asian American 17 2.60 
Cauca.~ian 369 56.42 
Ili~p.~nie AmericJn 96 14.68 
Other 66 10.09 

Assessment scores 
Time I logical reasoning 65' 1 " 20.113 3.61 
Time 2 logical reasoning 654 3 " 21.30 3.33 
Time I vocabulary 654 3 25 16.10 5.09 
Time 2 vocJbulary 654 3 25 16.85 5.", 

PCL·C score 
Time t 654 17 78 29.16 12.51 
Time 2 654 17 80 32.33 1121 

Nme. I'CL-C " I'ostlraummic Stress Disorder Checklist. Civilian version. 
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Table 2 
Percell/age of Slluly PaHicipHIIIJ' Wilh C()mmlt Experiellce DUrillK ()ep/oymclU 

Combat experience N Ever SE At least a few tin>t:s per wLock SE 

Went On combat patrol~ or mi~sions 651 91 1.1 61 1.9 
Encountered land or ..... ater mines andlor booby traps 647 60 1.9 19 L5 
Rccciv~x1 hostile incoming fire from small alTll5. artillery, rockets. mortars. or bombs 649 98 0.6 67 1.8 
Received friendly incoming fire from small arms, artillery. rockets. mortars . or bombs 649 22 1.6 4 0.8 
In a vehicle thaI was umJcr fire 652 74 1.7 23 1.7 
AUack .. d by terrorists or dvilians 646 69 1.8 26 1.7 
f>an of a land or naval anil1cry unit that fired on the enemy 648 23 1.6 8 1.1 
I'an of an ...",aull 011 entrenched or fortified posi tions 648 32 1.8 6 09 
Took part in an invasion that ;nvoh"cd naval andlor land forces 645 29 1.8 6 0.9 
In a unil lhat engaged in ballic in which it suffered casualties 648 64 1.9 8 II 
Witnessed someone from own unit or an ally unit being seriously wound~,() or killed 649 SS 2.0 4 0.7 
Witnessed soldiers from enemy troops being seriously wounded or killed 650 61 1.9 9 1.1 
Was wounded or injured in comb~t 650 14 1.4 0 0.3 
Fired weapon at the eocmy 651 60 1.9 IS 1.4 
Killed or thouglu killed someone in combat 649 44 20 S 0.9 
PanicipatcJ in a ,uppon convoy 650 95 0.9 37 1.9 

It is notable that the majority (61%) of participants were in­
volved in combat patrols or missions at least a few times per week. 
Further. of those who were involved in combat patrols or missiOlls 
nt least n few time~ per week. 64%. x2(1) = 6.64. p = .01, 
indicated that they also received hostile incoming fire from small 
arms. artillery. rockets. mortars, or bombs:lt least a few times per 
w<.>ek. Regarding past deployment history, nf those sampled for the 
current article. 14 had deployed at least once to a hawrdous are3' 
excluding the current deployment since 2001. Only two partici­
pants hnd deployed twice to a ha;.;ardous area since 2001. 

Measures 

Posttraumatic Strl'ss Disorder Checklist, Ch 'i!ian wrsion 
(PCL-C), The PCL-C (Weathers. Huska. & Keane. 19(1) is a 
widely used, 17-item self-report scale that measures the severity of 
PTSD symptoms. Respondents are asked to indicate how much 
PTSD symptoms have bothered the respondent on a 5-point Likert 
scale (from 1101 0.1 ali to l'xITell/ely) . without reference to a specific 
tmummic experience. Possible scores on the PCL-C range from 17 
(all responst:.s are 1101 a/ al!) to 85 (all responses are extremely). 

Items on th~ PCL-C are congruent with the Diagnostic (IIul SIt!­
liJ·tit·al Manual vf Menwl Di.l"Ortlcrs (4th cd .. text rev.: AI'A, 2000) 
and address each of the three symptom clusters. For example. 
respondelllS are asked how often '1hey fed distant or cut off from 
people" or how often they "have repeated. disturbing dreams of a 
stressful military experience:· Time I and Time 2 Cronbach's 
alphas for the PCL-C art:. .93 and .94. respecti .... ely. Other studies 
have found the PCl to be characteri7);d by high test-retes! reLi­
ability (Tl> = .92 and .88. immediate and I-week retest, respec­
tively). internal consistency (cr = .94), and convergent validi ty 
(rs > .75) with other lyrSD measures (Ruggiero. Del Ben. Scotti, 
& Rabaluis. 2003). Further. the PCl was found 10 correlate well 
wilh the Clinician-Administered fYfSD Scale (r ~ .93). and it is 
recommended as a good screening and scJf-repon measure of 
PTSD (Blanchard. Joncs-Alexander. Buckley. & Fomeris, 19%). 
In the current smnple, women scored aboul four points higher on 
Time I peL than men. /(649) = 2.55, P < .OJ. No gender 
differences existed at Time 2. Older participants had. 011 average. 

lower PCL scores a1 Time I. For each 5-year increase in age. 
panicipants scored about one and a half points lower on the PCL. 
1(651) = 3.21. p < .01. No age differences existed a1 Time 2. 

Automated Nt'uropsychological Assessmrnt Metrics 
(ANAM) logical reasoning a.ssessment. The ANAM logical 
reasoning task (Reeves. Kane, Elsmore. Winter, & Bleiberg. 2002) 
me3sures grammatical and logical reasoning. The logical reason­
ing task is taken from the larger ANAM battery. a clinical battery 
originally designed by the Office of Military Perfomlance Assess­
ment Technology to measure cognitive functioning across admin­
istrations (Kabal. Kane. lefferson. & DiPino. 20(1). The larger 
assessment has proven useful in a number of c1iniC~11 appliC3tions 
and as a cost-effective measure of cognitive function (jones. Loc. 
KrJch. R;!ger. & lones. 2008). The accuracy measure of the 10gic~1 
re;!soning lask has been found to COITeime exceptionally well with 
the Cognitive Efficiency cluster of the Woodcock- Johnson Tests 
of Cognitive Ability (Jones et 31.. 2008). All 24 logical reasoning 
items present bolh a logical rule (such as & come)' be/o,'e #) and a 
logic;!l reLation (such as & #) in which the examinee chooses 
whether the relation is the same as or different from the rule. (In 
the previous example the COITt:.ct answer is .mme; that is. & does 
wme before #, as stated in the rule.) [n this sampie.the reliabilities 
were 0'- = .84 for Time I and 01 = .82 for Time 2. No age or gender 
differences existed on thi~ measure at either time point. 

NES3 \'ocabulary assessment. The NES3 vocabulary task is 
a eomputer-administered 25-item multiple-choice test designed to 
estimate general verba! ability (Let;.;. 2CX)()) ;!nd is derived in part 
from the Armed Forces Qualification Test- Verbal subtest. The 
larger NES3 assessment is designed to assess neurobehavioral 
function in studies of environment and occupational health. The 
NES3 vocubulary lask eorrelates well with the Wechsler Adult 
Intelligence Scale- Revised vocabulary test (Krengel et al.. 19%). 
In this sample. the reliabilities were ct = .87 for both Times I and 
2. No gender differences existed on this measure at Time I or Time 
2. Older participants, on avel1lge. scored higher on the vocabulary 

t For the current aniclc,/Ulwrd"us arcu is defined as Afghanistan. Iraq. 
Bosnia. Kosovo. or Kuwait. 
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task. A 5-year age increase equated to approx.imately a one-point 
increase in a panicipams' vocabulary score at Time 1,1(648) = 
5.91. II < .OJ, and approximately a one-fXlint increase at Time 2 . 
1(651) = 5.22, P < .01. 

Combat experiences. Combat exposuTC was measured wi th 
the Comtmt Experiences scale from a modified version of the 
Deployment Risk and Resilience Inventory (King et al .. 2(03). The 
Combat Experiences scale i5 a IS-item . !lve-category Likert scale. 
Rt:.~ponse options range from the experience nn'er happened to the 
e.\perience happened daily or (lImns/ d(lil.v. Higher sum score~ on 
this scale are indicative of greater combat exposure. A complete 
list of these items can be found in Table 2. In this sample. internal 
consistency was high (0: = .90). 

Other co'·aria tL.... To control for other person and contextuul 
factors that may also be responsible for changes in test-taking 
ability. we added a number of covariates to the model. These 
include age. gender. average number of hours of ~leep for the week 
prior to Time 2 data collection assessment and average weekly 
alcohol consumption (in number of drinks) for the month prior to 
the Time 2 data collection. Finally, given the association between 
PTSD and traummic brain injury (OR = 2.98,95% CI [1.70,5 .24]; 
Hoge et al.. 2(08), we induded as a predictor whether or not the 
respondem reponed a head injury resulting in loss of conscious­
ness between the pre- and IXlstdeployment data collections. 

Analysis Method 

In the current study, we used a latent regression Rasch model 
(Adams et ai., 1997; de Boeck & Wilson. 20Cl4; Zwinderman. 
1991. 1997) that included attribute~ of the person to explain 
individual differences. This method pennitted the addition of co­
variates in lin models. The latent regression Rasch model is a 
type of multilevel IRT model that has been shown to have utility 
in analyzing item reslXlnsc data when explaining individual dif­
ferences is of interest (Cheong & Raudenbush. 2000; Pastor. 
2003). The power of the latem regression Rasch model is in the 
addition of predictors that allow for a nexible exploration of 
individual differences with respect to (latent) ability, which stan­
dardized tesL~ are presumed to measure. Specifically, adding co­
variates for PSS and a number of control variables into the Rasch 
model allowed an examination of possible associations betwee n 
PSS and an examinee'S test-taking ability. 

The latent regression Rasch model is an extension of a standard 
Rasch mode! (Rasch . 1980) with the addition of linear predictors 
fOf the person's value on the latent tmil. The model for the latent 
trait. a". is a linear regressiOll equation; that is. 

, 
Op = 2: 't7-ri + £P' 

'" , 
(I ) 

where Z"i is the value of covariate j (j = I,. .,1) for person {J and 
'tj is the regression coefficient of covariatej. This model includes 
a random-person effect. £", which represents unexplained varillbil­
ity between people in tenns of their llbility. In line with typicall RT 
conventions. the latent trait is standardi7.ed to a mean of zero and 
a standard deviation of one. The item difficulty parameters in Ihe 
Iment regression Rasch model ~,are identical to the item difficulty 
parameters in the classical Rasch model. Using this approach 
yields the following model for resfX)nses to items: 

,,{± ,,2,, +c, - ~) 
P(YiP = I I Bp,~.) = --"'( -:-----'-'). 

+ exp j~"'th + tp - ~; 
(2) 

where P(Y;I' '" liB", ~J is the probability that a person with ability 
0" gives a correct response on item i with difficulty 13,. 

AlllRT models were fit to data with PROC NLMIXED in SAS 
9.1 (SAS Institute. 2003; for examples of input ("(xle, see de Boeck 
& Wilson, 2004; Sheu, Chen, Su, & Wang. 2(05). Likelihood ratio 
tests were used to test the significance of the effect of PSS (for a 
discussion of likelihood ratio tests. see Agresti, 2007). 

Models 

To investigate whether changes ifl PSS duriflg deployment 
significantly predicted differences in examinees' ability to cor­
rectly answer lest items, we fit scverallRT models to the data. 
All models were fit twice: once each for the Time 2 logical 
reasofling and the vocabulary item responses. To create a mea· 
sure of residualized change taking into account Time I values 
of PSS and cognitive task scores, in every model. we included 
Time I PSS and the Time I (predeployment) value of the 
relevam cognitive task score a~ predictors. In addition, we 
induded a number of eovariates to control for other factors that 
may contribute to ability differences. Thc covariates, taken 
from Time 2 measurements. included combat exposure, gender. 
age. alcohol consumption. sleep. and head injury with loss of 
consciousfless. Time 2 PSS measures entered iflto the model 
either as the total PCL score or by symptom duster. Given the 
high level of collinenrity between symptolll clusters, subscale 
scores were not entered into a single model. Rather, for those 
models that examined the effect of symptom cluster on test­
takiflg ability, each symptom cluster score was used separately 
as a Time 2 predictor. This approach resulted in four models 
each for the logical reasoning and the vocabulary items. The 
effects estimated in the vocabulary and logical reasoning mod­
els are detailed in Table 3. 

Table 3 
SU/1I11WTV of PrediClOrs for Ea('h Model 

Effect Modet I Modet 2 Model) Model 4 

PSS' 
('SS" 
Recxpcriencingb 

A vOidance!numbin!f' 
Hypcrarousal' 
Head tnjuryb 
Combat experience" 
Age" 
Gender" 
Sleep" 
Atcobot" 
Cognitive assessment score' 

, , 

, 
, 
, 
, 
, 
, 
, 

, 
, 

, 
, 
, 
, 
, 
, 
, 

NO/f. Effects arc idcfltical for the logical reasoning 
models . (,SS = posltmumatic ~lres.\ symptoTTL'. 
, Mea~ured at Time 1 b Measured at Time 2. 
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, 
, 
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, 
, 
, 
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ami vocabulary 
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The model fit to the NDHS d:lla was 

eXP("YEPSSl p + 'i~PSSlp + ±'i71'i + Ep - ~i) ,-, 

+ exP ("YE PSSl p + 'i~PSSlp + ± 'i';zPi + Ep - ~I)' 
j _ 3 

(3) 

when: 'IE was the coefficient for the effect of PSS before dl'ploy­
menl. '12 was the coefficient for the eHect of PSS or symptom 
clu~te r after deployment. 'Ii were the other covariates as listed in 
the Measures section, and ~i was the item difficulty. 

Significant parameter estimates for Time 2 PSS (i .e., "Yz) suggest 
that as an individual's peL score or symptom cluster score 
changes. the probability of correctly answering an item changes 
according to the level of symptom severity. In other words, a 
significant negmive effect for Time 2 PSS suggests that this 
disorder reduces test-taking ability. Given the prospective design 
of the study. we can reasonably attribute this reduction to changes 
in PSS. 

Results 

The parameters from the models fit to the logical reasoning data 
and the vocabulary data are presented in Table 4. 

Table 4 
Summary of Models 

Model l MO<Jcl 2 

Model parameter Estimate S£ df Estimate SE df 

Logical reas.oning 
PSS' ,00 .00 636 0.23 00 .00 635 
PSS~ - .01' .01 636 -5. 15 
Reexperiencing" - .01 ,01 635 
A voidance/numbing" 
Hyperarousal b 

Head injury~ ,00 .01 636 0.1 7 00 .01 635 
Combat c.xpcricnce" m ,1 1 636 - 0.22 m ,11 635 
Age" .03 .02 636 1.45 .oJ ,02 635 
Gcndd' ,00 ,00 636 I A8 ,00 ,00 635 
Sleep" .OS ,11 636 OA9 05 ,11 635 
Alcohot" ,00 ,00 636 - 1.63 (]() 00 635 
Logical rca."olling" .OS" ,00 636 27.96 .OS" .00 635 

Vo<:ahulary 
I'SS· ,00 .00 637 030 00 .00 636 
I>SS" - .01' (]() 637 -550 
Rec~periendng" - .()l .00 636 
A void~ncclnumbingb 
Hyper,Erousal" 
H~ad injury~ ,01 .00 637 1.18 01 00 636 
Combat experience" .03 ,07 637 0,38 ,01 07 636 
Age" ,00 ,0 1 637 0.17 ,01 ,01 636 
Gender" 00 .00 631 ~0.25 ,00 ,00 636 
Sleepb m ,07 637 0.10 00 .07 636 
Alcohol" (]() 00 637 - 1,45 .00 .00 636 
Vocabulary' .22' ,00 637 46.51 .22· ,00 636 

NOlc. PSS - posttraummic stn:ss symptoms. 
' M~;ll;ured at Time 1. h Measured at Time 2. 

p < .05 (Bollferroni adjusted < 0,013). 

The logical reasoning models all yielded significant likelihood 
ratio test sUltistics for PSS ~ymptom~ at Time 2: PSS, X~( I) = 84. 
p < .0 I; reexperiencing, X\I) = 19. p < .0 I: avoid(!flcc.-numbing, 
i(l) = 18, P < .01 : hyperarousal. XZ(I) = 85, p < .01. That is. 
for each model. the addition of PCL scores or subscale scores at 
Time 2 significantly increased the fit of the relevant model when 
compared with a model that did not contain the effect for Time 2 
PCL scores. For the logical reasoning model in which Time 2 PCL 
total ocore wa.~ entered into the model. the elTect of PSS at Time 
2 was significant when controlling for PSS at Time I and the other 
covari~tes,.y~ = - .01. 1(636) ~ - 5.15, p < .OJ. Funher. with the 
exception of Time I logical reasoning pcrfonll~nce. Time 2 PSS 
symptoms was the only s ignificant effect in the model. In other 
words. none uf the other covariates that might be associated with 
diminished ability were significantly associated with correctly 
answering logical reasoning items. 

On average, study panicipants reponed a Time 2 PCL score of 
32.33 (SD = 13.21 ). This suggests that when holding all other 
covariates constant. the probabi lity or correctly answering the 
average logical reasoning item for someone with a PCL score of 32 
is approximately .61 In comparison, the probability of a correct 
answer for a person with a PCL score of 17 (the lowest possible 
score) is .64. This suggests an approximately 3% average reduc­
tion in the probability or correctly answering the al/erage logical 
reasoning item at Time 2 for a study panicipant with an aver.lge 
PCL score. Although the average eHect was small. at the extreme 
end of the range, the effect was much larger. For example. a person 

Modd3 Model 4 

Estimate S£ df Eslimate SE df 

-0.12 .(]() 00 635 - 0.18 .00 ,00 634 0,0[ 

- 1.63 
- .01 ,01 635 -IA I 

-.01 .01 634 - 1.72 
0.09 00 .01 635 0.05 ,00 .01 634 0.13 
0.16 .00 ,11 63S 0.04 -.03 ,11 634 -0.26 
1.44 .oJ m 635 1.46 .03 02 634 1.38 
1.46 ,00 .00 635 I A I .00 .00 634 IA8 
0.<6 .04 .11 635 OAO .06 .11 634 0.49 

- 1.62 - .0 1 .00 635 -I .~O - .01 ,00 634 - 1.84 
27.49 .OS" ,00 635 21.38 .OS" ,00 634 21.55 

- 0.39 ,00 .00 636 -0.02 .00 ,00 635 -0.10 

- 1.75 
- .01 00 636 - 2.5{) 

-.01 .00 635 - \.97 
1.68 ,01 ,00 636 1.13 ,01 .00 635 1.67 
0.08 00 .07 636 - 0.01 ,02 .07 635 0.26 
0.49 ,01 ,01 636 0.41 ,00 m 635 0.23 

- 0.35 .00 ,00 636 - 0.3.'1 ,00 .00 635 - 0.32 
0.Q7 ,00 .07 636 0.00 m 07 635 0.08 

- 1.16 .00 ,00 636 - 1.72 ,00 ,00 635 - 1.69 
46.29 .22" .00 636 46.33 .22' .00 635 4644 
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with a Time 2 peL score of71 (the maximum score among NDHS 
panicipamS) would have an 11% lower probability of correctly 
answering the most difficult logical reasoning than someone with 
the lowest peL s.core. Evcn more pronounccd werc the differences 
ill correct response probabilities on a logical reasoning item of 
avcrage difficulty. For an item of this type. the difference in the 
probability of a correct answer was more than 13% between those 
with tile lowest Time 2 I"SS levels (I"CL = 17) and the highest 
Time 2 PSS levels (I"CL = 71). 

Figure I displays item cllaraC"leri~tic curws for a logical rea­
soning item of average difficulty and p:micipant groups with the 
lowes1 versus the bighest Time 2 peL scores. The gray curve 
represents correct response probabilities for panicipants with the 
lowest observed Time "2 PCL scores, and Ihe black curve denotes 
correct resjXlllse probabilities for participants with the highest 
observed Time 2 I"CL scores. Herc we can see thm regardless of 
ability level. the probability of correctly answering a typical log­
ic;!1 reasoning item is lower for the group with the highest level of 
PSS at Time 2. Ollly seven participants in the sample were at this 
pmhological extreme. whereas 28 particip:mts rejXlned a Time "2 
I"CL score of 60 jXlints or more. 

For the logical reasoning models in which PCL symptom c1ush!r 
s.cores were enterL""<l into the model. the effects of the symptom 
cluster scores measured 01 Time 2 were not significant:2 reexpe­
rienCing, )r2 = -.01. 1(635) = -1.63. p = .10; avoidance-­
numbing.)r, = - .01,1(635) = - 1.41. p = .16; hyperarousal. 
"Y2 = -.01.1(634) = - 1.72. P = .09. Indeed, besides the effect of 
Time I cognitive assessment scores. tbere were no significant 
effect~ in the subscale models for the logical reasoning items. 111is 
suggests that no single Time 2 PSS cluster was responsible for 
differences in logical reasoning test-wking ability. Rather. filldings 
suggest thm the full speCtrum ofPTSD symptoms was resjXlnsible 
for logical reasoning ability differences. 

As with the logical reasoning models. the vocabulary models 
;llso yielded significant likelihood ratio test sllltistics for I'SS 
symptoms at Time 2: PS5. )( l (l) = 93, p < .01; reexperiencing. 
)( 2( 1) "'" 52. P < .01; avoidance-numbing. )(2(1) = 55, p < .01: 
hyperarousal. x~(I) = 130. P < .01. The results suggest that in 
each vocabulary model. the fit was significantly improved by 
adding an effed for Time 2 I'SS. In terms of significant effects in 
the models fit to the data. the findings were similar to the logical 
reasoning models. That is. the vocabulary model thm included 
Time 2I"CL scores exhibikd a significant Time 2 PSS effect when 
controlling for the other effects in the model. 12 = - .01, 1(647) = 
-5.00. p < .01. Besides the Time I vocabulary assessment score, 
none of the other prL""<lictors in the model were significant. 

1be Time 2 PSS effect can be interprcted such thm given au 
average rCSjXlndent with a Time "2 PCL score of 32 (the average 
I"CL score in the sample). we eXPL">Ct that the prolxlbility of a 
correct answer on an average vocabulary item is .55. Compared 
with that of a respondent whose Time 2 PCL score is just 17 and 
an associated probability of a com.""Ct answer at about .58. there is 
a 3% higher prob:!bility of an incorrect ;lIlswer from the resjXllldent 
with a higher Time "2 PeL score. all else equal. 

Vocabulary test-taking ability dilTerences were more pro­
nounced when comparing study participants at the highest and 
lowest end of the Time 2 PCL spectrum on the hardest items. For 
example. a respondent with the highest Time 2 I"CL score would 
correctly answer the most difficult vocabulary item about 6% of 

the time. In comparison, a reSjXlndent with the lowest Time 2 I"CL 
score would answer the same item correctly :looUl II % of the time. 
for a difference of 5%. However. the largest disparity between study 
participants m the high and low end of the Time 2 PSS Speclrulll was 
on items of avemge difficulty, where differences in the probability of 
correct answers emerged on the order of more than .13, p(Yp = 
Ilo~/GI!I'S.\·. ~) = .45 versus PfY;p = Ilo;1~w f'SS. ~) = .58. The 
differences in probabilities of a correct resjXlnsc 10 an avemge VOC:lb­
ulUl)' item are presemed in Figure 2. Although on avemge the diffi­
culty for vocabulary items was higher than for logical reasoning 
items, we found similar results on the vocabulary a';sessment between 
those with the highest PCL scores and those with the lowest PCL 
scores. That is, across the ability continuum, those with the highest 
levels of PSS had lower probabilities of a correct TeSjXlnse. 

Similar to the logical reasoning modds, the vocabulary models 
in which Time 2 PCL symptom cluster scores were entered into the 
modd did not show significant Time 2 I"SS effects with an 
adjusted significance level: reexperiencing. 12 '" -.01,1(636) = 
- 1.75.p = .08; avoidance-numbing, 12 = - .01. 1(636) = - 2.50, 
P = .013: hyperarousal.1'2 = -.01. 1(635) = - 1.97. P = .05. 
Again. there were no significant effects in the subscale models for 
the vocabulary items other than the Time I cognitive assessment 
scale. These findings substantiate the results from the logical 
reasoning models. That is, individual symptom clusters were not 
sufficient to diminish test -taking ability. Instead. Time 2 1"5S, as 
measured by ail three symptom clusters, seems to be an imjXlnullI 
detenninant of vocabulary test-taking ability following eXjXlsure to 
an extreme traumatic stre.~sor. 

Discussion 

In this article, we used IRT with covariates to assess whether 
changes in VI'SD symptomalOlogy had a significant effect on 
test -taking ability on two cognitive tasks administered after exjXl­
sure to wartime stressors that measure constructs similar to those 
a~sessed on stand:lrdi7.ed tests. Findings indicated that ror both the 
logic:!l reasoning LUsk and the vocabulllry task. a residualized 
measure of Time 2 PSS adjusted for Time ! PSS values was 
significantly associatL""<l with diminished ability to answer items 
correctly. especially for panicipants who showed the largest in­
crease in I"SS at Time 2. AI the extreme, people with the highest 
levels of Time 2 PSS would face a 13% reduction in the proba­
bility of correctly answering it typical logical reasoning item or 
vocabulary item when compared with Ihose with the lowest Time 
2 PSS levels. 

Previous research on college-age groups suggesls that educa­
tional allainment is negatively impacted by anxiety disorders 
(Kessler. Foster, Saunders, & Stung, 1995); however. less is 
known about the specific effects of anxiety disorders on test-taking 
ability. panicularly from a prospective llpproach. The current study 
sheds light on this issue and suggests that af1er controlling for 
predeployment PSS and a number of possibly confounding factors, 
ITSD symptoms adversely affect test-taking ability in study par­
ticipants. and that there is a dosing effect in which more severe 
symptoms arc associllted with poorer test wking. 

! Given that four mcxk'ls were fit 10 tlt~ data. we used a Bonferroni 
adjusted signilicance Ic"c!, "dC - .05/4 - .013. where C i~ equal to Ihe 
number of hypotheses te~ted. 
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Logic~l reasoning it"m of an'ngc difficulty (beta - -0.75) 

'" 
0' 

:= 0_6 +---------• 
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" 

Test laking ability (theta) 

--F.>:arrinee grour ,,;(1\ ra.5<0'" - 71 -_fu,m.c< ~roup w 'oh I'C1.,eo", - 17 

Fig"re I. Item charnttcri~tic curves for a logical reasoning item of average difficulty and two groups with the 
highest and lowcstlcvcls of postlraumatic stress s)'mplOm\. PCL = Posltruumatic Strcs..\ Disorder Checklist. 

To inTerpret the possible effect of the highest level of PSS on 
101:11 tcst scores, we simulated item response dma ror 2.000 exam­
inees of average ability. 1,000 each in the low- and high-PSS 
groups, corresponding 10 PCL scores of 17 and 71. respectively. 
Using item difficulties calculated in c:lrlier :malyses, lalenl trail 
values of zero for those with the lowes! levels of PSS and :ldjusted 
latent tmit values of -.71 for those with the highest levels of PSS, 
we genemted item responses using our lRT model for all 2,000 
examinees on both cognitive tasks. nlis resulted in item responses 
for 2.000 examinees on 24 items for the logical reasoning assess­
ment and 25 items for the vocabulary assessment. On the basis of 
Ihis method, we found that those at the lowest end of the PSS 
spectrum received an avemge score of 16.07 on the logical rea-

soning assessment, whereas those in the high-PSS group rc<:eived 
:l significantly lower average score of 11.80, MM( = 4.27, 
/(998) = -4.20. P < .n 1. Findings were similar for the vocabulary 
assessment. for which simulated data resulted in a low-PSS group 
mean of 17.74 and, again. a significantly lower mean for the 
high.PSS group of 12.69, MJiff = 5.05, r(998) = - 5.06, p < .01. 
Score difkrences on both cognitive :lssessments between lhosc in 
the low- and high-PSS groups also suggest meaningful practical 
differences as indicated by large Cohen's d efkx.-t sizes (logical 
reasoning, d = 1.66; vocabulary, d = 1.90). These findings indi­
cate that widespread test-taking ability differences stemming from 
PSS can have important consequences on cognitive assessment 
scores. 

Vocabulary item of average difficulty (bcta - -0,51 ) 
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Pigllrc 2. Item characlcrislic curves for a vocabulary item ofavcmgc difficutly and lWO groups with the higbesl 
amI lowest levels of posttmumatic stress symptom~. PCL = PosltrJumatic Stress Disorder Checklist. 
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Given the signifieanl efft."Ct thai Time 2 PSS has on an exam· 
inee's abilily to correctly answer the twO cognitive ta$k$ used in 
this study, it is reasonable to eJlpt..'C1 that these findings may be 
relevant in other context~. As of thc end of 2007, morc than 1.64 
million service members have deployed in suppon of tile wars in 
Iraq (lnd Afghanistan. with some units serving multiple rotations of 
12 10 15 months (Tanielian & Jaycox, 2008). It is imponanl to 
consider that many of these military servicewomen and ·men will 
pursue higher education or otherwise face tcsting situations for 
promotion or job pi3cenlCnI. Estimate.~ suggest that Montgomery 
GI S ill usage rates exceed 65% (Winter, 2005). Understanding 
h<Jw \'eterans' experiences impact on their ability to pursue higher 
education or career advancement is imponanl for both the menllli 
health and the education communities. 

If indeed this anicle's findings do gener.llize to a civiliiln 
population. the implications for this research may be far· reaching. 
Estimates suggest that over I 25,(I(X) children in New Orle3ns were 
di~ placed as a re.~ult of Hurricane Katrina (Redlener. 2006). mId 
nearly one half of children in shelters exhibit some type of erno­
tional or behavioral disorder such as PTSD (Abramson & Garfield, 
2()()()). internationally. PTSD rates 3mong children are estimated 31 
10% in Baghdad (Eccleston. 2007) and nearly 33% in Mosul, Irdq 
(Eccleston. 2(07), and 13% in post1sunami soulhem Thailand 
(Thienkrua el aI., 2006). Intcmation311y, 3reas such as these are 
recipients of recovery aid from intem3tional organizations that 
commonly mandate adherence to stmctural adjustment programs, 
3 component of which may include Sli!ndardi7..ed tests of achieve­
ment as markers of sufficient progress. Our findings suggest that in 
th is context. achievement results from st3ndardized cognitive as­
Sl:ssments should be used with caution. if at all. Alternatively. lest 
3dministr.Jtions in known connict or disaster areas should include 
a IrrSD scale so that proficiency score estimates can be adjusted 
accordingly. Either empirical estimates of the PTSD effect can be 
used or additional studies regarding the magnitude of the PTSD 
effecl 011 ability could be unden:lken. 

'nlere are several limitations associated with the study. Fi rst, 
although the median agc (23.5 years) of the cohort is fairly 
representative of the median age (20.5 years) of U.S. college 
students (National Center for Educmion Statistics. 2005). the pro­
ponion of women (8%) is not representative. Furthernmre. sys· 
tematic rather than population·baSf.-d s<uupling Wll.\ used to derive 
the study sample and included only one service branch. which 
limits the generalizability of the findings to a broader population. 
Although 27% of the study panicip;mts reported education levels 
beyond high school. participants may differ systematically from 
young adults who choose college over military service. Funher· 
more, cognitive assessments used for the current analysis were 
dmwn from those l;ol1ccted during the NDHS, and they do not 
represent the exact types of items found on standardized college 
entrance tests such as the SAT and the GRE. However, thc cog­
nitive processes eX3mined closely match many of those measured 
on standardized assessments. Also. we did not assess clinic ;.! l 
Irrso diagnoses. 

Regarding the tasks used in th is analysis, the items may h3ve 
been too easy to fully detect differences associated with PSS. Item 
difficulties were in general qui te low and ranged from approxi­
mately -3.91 to 1.97 at Time 2. Similarly, the probability thai a n 
average CAaminec would colTtttly answer an average item r,mged 
from a low of approximately .71 to nearly .96, depending on the 

cognitive assessment. As a result. findings may underestimate the 
impact of PSS on test·taking ability; however, the characI.,:rislks 
of the logical reasoning and vocabulary t~sks do allow some 
additional insighlS into the effect of PSS on lesl-t3king ability. 
TIlat is, the relative e3se of the task and low-stakes nature of the 
testing context suggest that processes other than simple test anx· 
icty explain associations between test performance and PSS (Hem· 
bree, 1988). 

The findings from this study nevenheless provide evidence of 
the potential detrimental effect of I>SS on standardized test per· 
forma rICe. Givell the unique longitudinal design of the NDHS. we 
had the opportunity to consider the baseline status of individuals 
who were eventually expoSf.'<i to trournatic stressors, 3110wing for 
stronger causal inferences than those typically pemlil1ed within 
cross-section31 designs. Additional replication studies Ihm include 
representative samples Ihm are administered standardized college 
cutronce tests as well as a clinical assessm.,:nt of PTSD will allow 
lindings to be applied to a broader population of college appli­
canIS. Future research will also benefit from consideration of the 
predicti\'e \'alidlty of standard i7.ed aC3demic assessments for lhose 
with PSS. including whether lower standardized lest scores as a 
result of PTSO or PSS can accur.Jtely predict future 3cademlc 
performan<:e. 

Our findings h3 ... e implications for the interpretation of 5tall­
dardi7.ed achievement assessment difti:rence.~, particularly among 
Sllldents at high risk for l"TSo and Olher psychiatric disorders that 
might (lffect Iest.taking ability. Differences in 3bility at th.,: levels 
observed in this slUdy do not inevitably imply biases suflicient to 
necessi tate corrective action. However, given the prevalence of 
trouma exposure in the general population and the ubiquity of 
standardized assessments among college applicants. this study 
~uggesl~ that re<:ognizing and understanding the potential addi· 
tional disadvantages to which examinees wilh PSS are subject will 
be imponam to both examinees and education31 counselors. In 
panicular. prospective college students with PSS may benefit from 
counseling targeting coping strategies to help manage the negative 
emotional consequences of psychological tmuma exposure 3nd 
compensatory st rategies to assist in test taking. 
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