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Adult Learners: Relationships of Reading, MCAT,
and USMLE Step 1 Test Results for Medical Students

Adult learners continue to refine their reading and other cognitive skills, and reading skills are
tied to academic achievement as well as test taking. Haught and Walls (in press) reported new reading
norms for the Nelson-Denny Reading Test for health-care professional students that demonstrate higher
reading scores for those students than for four-year college graduates. Educators have attempted to
identify various factors that contribute to academic success for medical students. Horshl and Kozeny
(1997) reported that high school performance, written entrance examination, admission interview, and
personality traits may significantly predict academic success for third-year medical students in the Czech
Republic. Twenty-ﬁve studies which examined the relationship of learning style and medical student
performance were summarized by Hylton and Harman (1996) who concluded that “many of the
generalizations that have been made about the learning styles of medical students actually have little
conclusive empirical data to support them” (p. 1411). Harward, Tresolini, Davis, and Kretchmar (1998)
investigated the value of self-efficacy as a predictor of performance and reported that significant
associations were observed between different types of educational experience (e.g., reading in a content
area) and self-efficacy ratings on professional skills. Critical thinking skills as measured by the Watson-
Glaser Critical Thinking Appraisal were moderately predictive of academic success in pre-clinical
medical students (Scott & Markert, 1994).

Earlier versions of the Nelson-Denny Reading Test (Brown, Fischo, & Hanna, 1993) were found
to be positively correlated with medical school achievement (Ambrosino, Brading, & Noval, 1974). Itis
generally accepted that medical schools require students with better reading ability because of the
quantity of material to be read. Flaherty, Rezler, and McGuire (1982) found the Nelson-Denny Reading
Test (earlier Form E or Form F) to be a better predictor of clinical reading skills than the reading subtest
of the Medical College Application Test (MCAT). These researchers encouraged medical school
admission committees to consider reading ability as part of the admission process.

Jackson and Brooks (1985) examined possible relationships between the MCAT Reading

Subtest, the Nelson-Denny Reading Test, and medical school achievement. During orientation to
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medical school, students completed the Nelsqn-Denny Reading Test (earlier Forms E or F). The
criterion variables used to examine the predictive ability of these tests included (a) basic science and
clinical science GPA and (b) total scores on Part I and Part II of the National Board of Medical
Examinees (NBME) examination. These authors concluded “The NDRT was a better single predictor
than the MCAT reading score...” (p. 479) with Total Score (one of four Nelson Denny Reading Test
scores) being the best predictor and Reading Rate being the poorest predictor of academic achievement.
The Nelson-Denny Reading Test was a better predictor of achievement (GPA and NBME) than the
MCAT reading subtest. In this study (Jackson & Brooks, 1985) the Nelson-Denny Reading Test Total
Score was moderately correlated (r = .51) to the MCAT reading score, but a higher correlation (r = .69)
between these measures was reported earlier by Jackson, Dawson-Saunders, and Jackson (1984).

There are substantial investments of human and financial resources in medical students.
Universities and their schools of medicine experience pressures of escalating cost and diminishing
resources. They seek to minimize their losses by admitting the applicants most likely to succeed in
medical school. One of the present researchers has observed that some students who appear to know the
content either (a) score low or (b) fail to pass various standardized tests (e.g., MCAT and USMLE Step
1 Boards). It is possible that they cannot read competently enough to complete the exam and give an
accurate representation of their own knowledge. The present investigation examines the possible
relationship of the Nelson-Denny Reading Test (current Forms G or H) performance with the MCAT
scores and the USMLE Step 1 Board exam scores. Are there predictive relationships from the Nelson-
Denny (N-D) Reading Test (using the most recent forms of the test) to (a) MCAT scores and (b)
USMLE Step 1 Board exam scores? Initially, at the time of application, do scores of N-D Reading
Vocabulary, N-D Reading Comprehension, N-D Total Reading Score, and N-D Reading Rate
differentially predict MCAT verbal reasoning, MCAT physical sciences, and MCAT biological sciences
scores (Research Question 1)? Two years later, are the Nelson-Denny measures of Reading Vocabulary,
Comprehension, Total, and Rate predictive of the USMLE basic biomedical sciences score (Research
Question 2)?

Method
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Participants

The participants (N=730) were students in the School of Medicine at a major Mid-
Atlantic university. There were 431 males and 299 females. The ethnic composition was
approximately 90 percent White, 1 percent African-American, 1 percent Hispanic, and 8 percent
Other (e.g., Eastern Indian). The testing took place from 1994 through 2001. As an example of
the composition of medical students in a particular year, (a) 998 people applied to the medical
school in 1999, (b) 255 applicants were interviewed, and (c) 88 applicants were admitted (51
males and 37 females). Of those students admitted, the mean undergraduate grade point average
(GPA) in science courses was 3.60, and the mean overall GPA was 3.68. Average Medical
College Admission Test (MCAT) scores of admitted applicants were 9.0 in Verbal Reasoning,
8.9 in Physical Sciences, 9.1 in Biological Sciences, and “P” for Writing. Of those 88 students
admitted, 89% were from 20 to 23 years of age, and most had an undergraduate degree in the
biological sciences (48%) or chemistry (22%). Most of the admitted applicants were state
residents (97%). This medical school does not use reading test performance as a criterion for
admission. The Nelson-Denny Reading Test is used after admission as a possible “red flag” to
alert faculty and administrators that a student may experience academic difficulties. This
investigation was approved by the Institutional Review Board for protection of human subjects
and was conducted in accordance with American Psychological Association ethical guidelines.
Instruments

The Nelson-Denny Reading Test is a standardized instrument for assessing reading
vocabulary, reading comprehension, and reading rate; the two most current forms are Form G
and Form H. The N-D Reading Vocabulary score is based on 80 multiple-choice items (15
minutes). The N-D Reading Comprehension score is based on 38 multiple-choice items (20
minutes). The N-D Total Reading score is the sum of the vocabulary and comprehension scores.
The N-D Reading Rate score is the number of words read during the first minute of the
comprehension part of the test. Some participants (n=572) also completed the Medical College

Admission Test (MCAT), a standardized, multiple-choice exam designed to assess problem
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solving, critical thinking, and writing skills, as well as, knowledge of science concepts and
principles prerequisite to the study of medicine. The MCAT provides separate scores in verbal
reasoning, physical sciences, biological sciences, and writing (Federation of State Medical Board
of the United States, 1998). Also, a subset of the participants (n=457) took the United States
Medical Licensing Examination (USMLE) Part 1 at the end of their second year of study. This
exam assesses knowledge of key concepts of basic biomedical sciences, with an emphasis on
principles and mechanisms of health, disease, and modes of therapy (National Board of Medical
Examiners, 2000).
Procedure

The Nelson-Denny Reading Test was administered during orientation to medical school.
Participants completed either Form G or Form H. Time allotted in the orientation schedule for test
completion was one hour, and the test was completed in a group setting. They were allowed 15 minutes
for the vocabulary subtest and 20 minutes for the comprehension subtesf. The first minute of the
comprehension part of the Nelson-Denny Reading Test was used to determine reading rate. These
reading test data are used herein for determining relationships to the MCAT (verbal reasoning, physical
sciences, and biological sciences) and to the USMLE Step 1 Test score for medical students.

Results

To examine whether Nelson-Denny (N-D) Reading Test scores were related to performance on
other standardized exams, Pearson Product-Moment Correlations were computed on the N-D-
Vocabulary, N-D Comprehension, N-D Total, and N-D Reading Rate raw scores with MCAT scores
(verbal reasoning, physical sciences, and biological sciences) and the USMLE Step 1 score. The N-D
Vocabulary score was positively correlated (a) with the MCAT verbal reasoning score (r = .53, p <.01),
(b) with the MCAT physical science score (r = .20, p <.01), (c) with the MCAT biological science score
(r=.27, p <.01), and (d) with the USMLE Step 1 score (r =.14, p <.01). As the N-D Vocabulary score
increased so did the test scores on the MCAT and the USMLE exam. The strongest relationship was
between the N-D Vocabulary score and the MCAT verbal reasoning score. The N-D Comprehension

score also was positively correlated with the MCAT verbal reasoning score (r = .41, p <.01), with the
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MCAT physical sciences score (r = .13, p <.01), and with the MCAT biological science score (r = .12, p
<.01), but not with the USMLE score (p > .05). Similarly, the strongest observed relationship for N-D
Comprehension was with the MCAT verbal reasoning score. The N-D Total Reading score was
positively correlated to the four measures: MCAT verbal reasoning (r = .56, p <.01), MCAT physical
science score (r = .19, p <.01), MCAT biological science score (r = .23, p <.01), and USMLE score (r =
.13, p <.01). The N-D Reading Rate score was positively correlated only with the MCAT verbal
reasoning score (r = .24, p <.01), but not with any remaining MCAT scores or with the USMLE score
(p > .05).

To examine whether the MCAT scores were related to performance on the USMLE STEP 1
exam score, Pearson Product-Moment Correlations were computed on the MCAT verbal reasoning,
MCAT physical sciences, and MCAT biological sciences scores and the USMLE Step 1 score. The
USMLE Step 1 score was positively correlated with all parts of the MCAT. The USMLE Step 1 exam
score was positively correlated with (a) the MCAT verbal reasoning score (» = .18, p <.01), (b) the
MCAT physical sciences score (r = .31, p <.01), and (c) with the MCAT biological sciences score
(r=.34,p <.01).

Multiple regression analyses were computed to determine whether the components of
The N-D Reading Test (N-D Vocabulary, N-D Comprehension, N-D Reading Rate) were predictors of
MCAT and USMLE Step 1 criterion variables. The N-D Total was not included as a predictor in these
analyses because that total is a combination of N-D Vocabulary and N-D Comprehension. First, when
MCAT verbal reasoning was the criterion variable and the three Nelson-Denny scores were predictor
variables, the stepwise multiple regression showed the N-D Vocabulary score (p < .01), the N-D
Comprehension score (p < .01), and the N-D Reading Rate score (p < .05) to be significant predictors.
Second, when MCAT physical science was the criterion variable and the three Nelson-Denny scores
were predictor variables, the stepwise multiple regreséion demonstrated that the N-D Vocabulary score
was a significant predictor (p < .01). Third, when MCAT biological science was the criterion variable
and the three Nelson-Denny scores were predictor variables, the stepwise multiple regression revealed

that the N-D Vocabulary score was a significant predictor (p <.01). Fourth, when the USMLE Step 1
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score was the criterion variable and the three Nelson-Denny scores were predictor variables, the stepwise
regression demonstrated that the N-D Vocabulary score was a significant predictor
(p <.01).

The strongest relationship established in the correlation analyses was between N-D Total and
MCAT verbal reasoning (r = .56). To further examine the effects of the N-D Total as related to crucial
medical school indices, the N-D Total was divided into quartiles so that approximately one-fourth of the
participants was in each group. A one-way analysis of variance was computed with the N-D Total
quartiles as the independent variable for each of four dependent variables (MCAT verbal reasoning,
MCAT physical sciences, MCAT biological sciences, and the USMLE Step 1 score).

The analysis of variance for MCAT verbal reasoning yielded F(3, 568) = 65.54, p <.01, and the
Tukey multiple comparisons test indicated that all quartiles differed from one another except Quartiles 2
and 3. MCAT verbal reasoning raw scores ranged from 4 to 15. The MCAT verbal reasoning means
progressed from Quartile 1 to Quartile 4 in an orderly fashion (Q1 = 7.58, Q2 = 8.78, Q3 =9.15, and Q4
=9.94).

The analysis of variance for MCAT physical sciences produced F(3, 568) = 7.96, p <.01. The
Tukey multiple comparisons test showed that Quartile 1 differed significantly from Quartiles 3 and 4
(both p <.05), and no other comparisons were significantly different (p >.05). MCAT physical science
scores ranged from 4 to 14. The MCAT physical science means showed gradual increases from Quartile
1 through Quartile 4 (Q1 = 8.10, Q2 = 8.59, Q3 = 8.68, and Q4 = 9.01).

The analysis of variance for MCAT biological sciences resulted in F(3, 568) = 11.10, p <.01, and
the Tukey multiple comparisons test revealed that Quartile 1 differed from Quartiles 3 and 4, and
Quartile 2 differed from Quartile 4 (p <.05). No differences were observed between Quartiles 1 and 2, 2
and 3, and 3 and 4 (p >.05). MCAT biological science means ranged from 3 to 14, and mean scores for
Quartiles 1, 2, 3, and 4 were 8.60, 8.71, 9.18, and 9.48, respectively. The analysis of variance for
USMLE Step 1 score was not significant (p >.05).

Discussion



Reading and Medical Students 8

All four Nelson-Denny Reading Test variables (Vocabulary, Comprehension, Total Score, and
Reading Rate) were positively correlated with the MCAT verbal reasoning score. The present findings,
using the current N-D Reading Test Forms G and H, show that the MCAT verbal reasoning score is
strongly correlated with N-D Vocabulary (r = .53), N-D Comprehension (r = .41), and N-D Total Score
(r = .56). A smaller, but significant positive correlation was observed between MCAT verbal reasoning
and the N-D Reading Rate (r = .24). With earlier forms (E and F) of the N-D Reading Test, Jackson and
Brookes (1985) reported comparable results between the MCAT reading measure and N-D Vocabulary
(r = .44), N-D Comprehension (r = .48), N-D Total (r = .51), and N-D Reading Rate (r = .09). The
newer forms (G and H) of the N-D Reading Test yielded somewhat better prediction of MCAT verbal
reasoning than reported by Jackson and Brooks. Given that a different university was involved 15 years
later, this is indicative that the N-D Reading Test has remained an effective screening or predictive
instrument. In addition to the significant correlations with the MCAT verbal reasoning, the N-D
Vocabulary, N-D Comprehension, and N-D Total scores were positively correlated with the MCAT
physical sciences and MCAT biological sciences scores (all p = <.01). The multiple regression analyses
supported the viability of N-D Vocabulary, N-D Comprehension, and N-D Reading Rate as predictors of
MCAT verbal reasoning scores for medical students.

The N-D Vocabulary and N-D Total scores were positively correlated with the USMLE Step 1
score (both p <.01). The N-D Comprehension score was not significantly related to the USMLE Step 1
score. The MCAT scores (verbal reasoning, physical sciences, and biological sciences) that are taken
prior to admission to medical school show a significant relationship to the USMLE Step 1 score that is
taken at the end of the second year of medical school. Given the observed positive relationships
between components of the Nelson-Denny Reading Test with components of the MCAT and between
the MCAT with the USMLE Step 1 exam, it is reasonable to suggest that medical schools should
consider using an index of reading to better predict those applicants who will achieve success in medical
school. As reported earlier, many factors contribute to academic success for medical students (Harward
et al., 1998; Horshl & Kozeny, 1997). Reading ability (vocabulary, comprehension, and rate) is another

factor to consider.
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The 572 medical students were divided into Quartiles 1, 2, 3, and 4 based on their N-D Total
Score. The analysis of variance with MCAT verbal reasoning as the dependent variable yielded a huge
F-value. Once again, the powerful relationship between N-D Total and MCAT verbal reasoning was
demonstrated.

Medical schools recruit highly capable individuals. By being selective, they are able to
maximize success and minimize loss. But even a small proportion of unsuccessful students, common to
every program, has a negative impact on medical education. The N-D Total and MCAT verbal
reasoning scores undoubtedly tap into Spearman’s “g” factor of intelligence. An extremely modest
investment of financial and time resources in the Nelson-Denny Reading Test can yield disproportionate

dividends for medical programs.

10



S
Reading and Medical Students 10

References

Ambrosino, R. J., Brading, P. L., & Noval, L. K. (1974). Reading: A potential source of academic
difficulty in medical school. Journal of Reading Behavior, 6, 367-373.

Brown, J. 1., Fishco, V. V., & Hanna, G. (1993). Nelson-Denny Reading Test: Manual for Scoring and
Interpretation for Forms G & H. Chicago, IL: The Riverside Publishing Co.

Cartier, S., & Plante, M. (2001, April). Learning by reading: Description of learning strategies of
students involved in a problem-based learning program (PBL). Poster presented at the American
Educational Research Assocation, Seattle, WA.

Federation of State Medical Boards of the United States. (1998). Medical College Admission Test

(MCAT). [Online]. Available: http://www.aamc.org/stuapps/admiss/mcat/geninfo.htm [2000,

August 3].

Flaherty, J. A., Rezler, A., & McQGuire, C. (1982). Clinical reading and writing skills of junior medical
students. Journal of Medical Education, 57, 848-853.

Glaser, K., Mohammadreza, J. J., Veloski, J., Blacklow, R. S., & Goepp, C. E. (1992). Science, verbal,
or quantitative skills: Which is the most important predictor of physician competence?
Educational and Psychological Measurement, 52, 395-406.

Harward, D. H., Tresolini, C. P., Davis, W. A., & Kretchmar, J. L. (1998, April). The relationships
between medical students’ self efficacy scores, performance on a clinical performance
examination, and type(s) of educational experience in five health promotion disease prevention
areas. Paper presented at the American Educational Research Association, Montreal, Canada.

Haught, P. A., & Walls, R. T. (in press). Adult learners: New norms on the Nelson-Denny
Reading Test for health-care professionals. Reading Psychology.

Hoschl, C. & Kozeny, J. (1997). Predicting academic performance of medical students: The first three
years. The American Journal of Psychiatry, 154, 86-92.

Hylton, J., & Hartman, S. E. (1996). The learning styles of medical students: An annotated bibliography

of twenty years of research. Perceptual and Motor Skills, 83, 1411-1420.

11



Reading and Medical Students 11

Jackson, E. W., Dawson-Saunders, R., & Jackson, J. E. (1984). The predictive validity of the Nelson-
Denny Reading Test for scores on the reading subtest of the MCAT. The Advisor, 5, 7-11.

Jackson, J. R., & Brooks, C. M. (1985). Relationships among the MCAT Reading subtest, Nelson-
Denny Reading Test, and medical school achievement. Journal of Medical Education, 60, 478-
480.

Mohammadreza, H., Wolfgang, H. V., Zeleznik, C., & Borenstein, B. D. (1988). Effects of academic
and psychosocial predictors of performance in medical school on coefficients of determination.
Psychological Reports, 63, 383-394.

National Board of Medical Examiners. (2000). USMLE Step 1. [Online]. Available:

http://www.usmle.org/oct98/news.perf.htm [2000, August 3].

Scott, J. N., & Markert, R. J. (1994). Relationship between critical thinking skills and success in

preclinical courses. Academic Medicine, 69, 920-924.

12



U.S. Department of Education
Office of Educational Ressarch and Improvement (OERI)
National Library of Education (MLE)
Educational Resources Information Centsr (ERIC)

REPRODUCTION RELEASE

(Specific Document)

TM033874

. DOCUMENT IDENTIFICATION:

Tite: Adwl t Leacnacs 1 Relahion Ships o & Reading, mc AT, and
LLSIMLE Stey 1 Test ReSwHS Lor Medics | Shudents

autnoris; Patricia N AMLJG = LR chard T (n (15

Corporate Source: Publication Date:

ll. REPROBUCTION RELEASE:

In order to disseminate as widely as possibls timely and significant materiais of interest to the educational community, documents announced in the
monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually made availablo to users in microfiche, reproducad paper copy,
and sloctronic media, and sold through the ERIC Documant Raproduction Servics (EDRS). Cradit is given to the sourca of each document, and, if
reproduction release is grantad, ong of the following noticas is affixed to the document.

If permigsion is granted to reproduce and dissaminate the identified document, please CHECK ONE of the following thrae options and sign at the bottom
of the page.

The scmpis sticker chown balow will bo
efiteed to ofl Level 1 documents

Tho scmpts sticker shown balow will b
ciiixed to oft Lovel 2A documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN
MICROFICHE, AND {N ELECTRONIC MEDIA

The semplo oticker shown balow will ba
citted to all Leval 2B documants

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

BEEN GRANTED BY FOR ERIC COLLECTION SUBSCRIBERS ONLY, MICROFICHE ONLY HAS BEEN GRANTED BY
HAS BEEN GRANTED BY
(%]
o o o«
X c? e?

TO THE EDUCATIONAL RESOURCES

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

INFORMATION CENTER (ERIC)
1 2A 28

Level 1 Loval 2A Level 2B
! ! !

Y
AN

Check hare for Level 1 relense,

permitting Chack here for Levs! 2A refeass, pammiiting
roproduction cnd disseminetion in microfiche or other reproduction cnd disccmingiion in microfichs ond in
ERIC erchival medio (e.9., alectronic) ond paper slectronic media for ERIC erchived collection
copy. subzeribers only

Chack hare for Level 28 releass, parmitting
rapreduction ond dissemination in microfiche only

Documents will bs procasscd 05 indieated provided reproduction quotky pamiio.
If permission to repreducs i grented, but no box is chached, dosumants vill bo progsssed ot Lovel 1.

I heraby grant to the Educational Resources Information Center (ERIC) nonexclusive parmission to raproduca and disseminate this document
as indicated above. Reproduction from the ERIC microficha or slectronic media by parsons other than ERIC employees and its system
contractors requires parmission from the copyright holder. Excaption is meds for non-profit reproduction by libraries and other service agencies
to satisfy information needs of educators in response to discrats inguiriss.

Si Signoturo: - f
ool i coe) (] Moui gt~
glease[ Do B Gl WK K

| ScH prwn, oy 26506-6122

Printcd Neme/PogitionyTitlo:

PA“"ric_"q A H—ﬂuc,A — N EDD

15 541-251 52 ) 34|30 ¢ - 293 - 2279

et ewsu. | 4-7-02
€6[u (over)




R \' .

iil. DOCUMENT AVAILABILITY INFORMATION (FROWM NON-ERIC SOURCE):

If permission to reproduce is not granted to ERIC, or, if you wish ERIC to cite the availability of the document from another source, please
provide the following information regarding the availability of the document. (ERIC will not announce a document unless it is publicly
available, and a dependable source can be specified. Contributors should also be aware that ERIC selection criteria are significantly more
stringent for documents that cannot be made available through EDRS.)

Publisher/Distributor:

Address:

Price:

IV. REFERRAL OF ERIC TO COPYRIGHT/REPRODUCTION RIGHTS HOLDER:

If the right to grant this reproduction release is held by someone other than the addressee, please provide the appropriate name and
address:

Name:

Address:

V. WHERE TO SEND THIS FORM:

Send this form to the following ERIC Clearinghouse:
ERIC CLEARINGHOUSE ON ASSESSMENT AND EVALUATION

UNIVERSITY OF MARYLAND
1129 SHRIVER LAB
COLLEGE PARK, MD 20742-5701
ATTN: ACQUISITIONS

However, if solicited by the ERIC Facility, or if making an unsolicited contribution to ERIC, return this form (and the document being
contributed) to:

ERIC Processing and Reference Facility
4483-A Forbes Boulevard
Lanham, Maryiand 20706

Telephone: 301-552-4200
Toll Free: 800-799-3742
FAX: 301-552-4700
e-mail: ericfac@inet.ed.gov
VWWW: hitp:/lericfac.piccard.cec.com

EFF-088 (Rev. 2/2000)

Q




