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INTRODUCTION

U

nderstanding how health and well-being can be
RSWLPL]HG WKURXJKRXW OLIH UHTXLUHV VRPH NQRZOHGJH
of genetic science. Thus, most states have curriculum
content standards that include genetics and related topics.
Typically, however, most genetic concepts are not taught
until secondary school. The need to improve K-12 education
in genetics, because it is essential to enhancing public
understanding of genetics and genomics and promoting health,
is pointed out in a 2010 report prepared for the US Secretary of
Health and Human Services.1
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,WKDVORQJEHHQNQRZQWKDWJHQHWLFFRXQVHOLQJFDQEH
LQVXI¿FLHQW IRU LPSDUWLQJ JHQHWLF LQIRUPDWLRQ ,Q 
Hampton. Anderson, and Lavisso2 found that in a survey
of 47 families who were counseled about sickle cell anemia
after their children had tested positive for the trait, 43
percent thought that the existence of the trait was a disease,
and about half thought that their children’s activities needed
to be severely restricted.
,QDVWXG\RIVWXGHQWVLQFOXGLQJLQWKDQGWK
grade, Jones, Smith, and Calvert3 showed that in-service
teacher training by sickle cell education staff enhanced
student learning about sickle cell disease: students whose
teachers received such training did better than students
whose teachers were given the same sickle cell curriculum
to use in the classroom, but without instruction on how to
use it.
,QWKHSUHVHQWVWXG\FROOHJHDJHSUHVHQWHUVZHUHWUDLQHG
WR WHDFK ³*HQHWLFV DQG 6LFNOH &HOO 'LVHDVH´ D OHVVRQ
WKJUDGHLQVWUXFWLRQDOXQLWLQSEEK (Science Exploration,
Excitement, and Knowledge): A Curriculum in Health
and Biomedical Science for Diverse 4th and 5th Grade
Students.4 ,Q DGGLWLRQ WHDFKHUV DWWHQGHG SUHVHQWDWLRQV E\
sickle cell education staff and genetics researchers, and
these professionals came to some of the classrooms for the
¿QDOOHVVRQ7KHSXUSRVHRIWKHVWXG\ZDVWRGHPRQVWUDWH
that basic concepts in genetics and culturally relevant
information on sickle cell disease can be effectively
FRQYH\HG WR UDFLDOO\ DQG HWKQLFDOO\ GLYHUVH WK JUDGH
students in a relatively low-performing, large urban school
district serving low-income neighborhoods.

The Genetics Unit
Each lesson has a worksheet on which students record their
observations as drawings, in writing, or in tables. The lesson
plans and worksheets are available free online at http://www.
chori.org/Education/SEPA/SEPA_curriculum.html.
They
are also available in a book that can be purchased from
Amazon.com: SEEK (Science Exploration, Excitement, and
Knowledge): A Curriculum for Diverse 4th and 5th Grade
Students. All proceeds from the book go to support community
health education projects.
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Lesson 1: DNA and Your Cells

Lesson 4: Trait Inheritance

Students explore and describe physical characteristics of people.
They differentiate between traits that have been inherited from
SDUHQWVDQGWUDLWVDFTXLUHGE\DFFLGHQWRURQSXUSRVHVXFKDV
scars and ability to play a musical instrument. Then they work
in pairs to prepare and examine slides of onion skin and to
examine pre-prepared slides of animal tissue using handheld
microscopes. The worksheet asks them to observe and draw
what they see in the microscope. They compare the plant and
DQLPDO FHOOV DQG WKH\ ¿QG WKH QXFOHL ZKHUH '1$ LV VWRUHG
Then they are shown a molecular model of DNA and told that
the traits they inherit from their parents are encoded in DNA.

The students use Mr. Potato Head toys to reinforce their
understanding of dominant and recessive genes. They observe
a Mr. Potato Head and decide if an offspring could inherit
various traits. “Dominant” and “recessive” are assigned
arbitrarily to traits such as ear shape and nose color. Flipping
two coins for each trait, with heads representing dominant
genes and tails representing recessive genes, students create
and draw an offspring. Then they complete a survey of some
of their own dominant and recessive traits (freckles, widow’s
SHDNOHQJWKRIVHFRQGWRHFRPSDUHGWR¿UVWWRHKDQGHGQHVV
WRQJXHUROOLQJDQGFOHIWFKLQ )LQDOO\WKHFODVVGLVFXVVHVKRZ
genetic problems might affect health.

Lesson 2: See Your DNA

Students extract and observe DNA from their own cheek cells
XVLQJDSURFHGXUHWKDWUHTXLUHVFDUHIXOPHDVXUHPHQWVDQGIROORZLQJ
LQVWUXFWLRQVVHTXHQWLDOO\7KHZRUNVKHHWDVNVWKHPWRGHVFULEHZKDW
they observe as they follow this procedure. After discussing their
results, they assemble strings of beads that represent strands of DNA,
and they compare their strands with a molecular model of DNA.
Lesson 3: Plant Parenthood

,Q DQ DFWLYLW\ ¿UVW GHVFULEHG LQ SPACES: Solving Problems
of Access to Careers in Engineering and Science (Lawrence
+DOO RI 6FLHQFH   students simulate a plant genetics
H[SHULPHQW XVLQJ FP [ FP FDUGV WR UHSUHVHQW
GRPLQDQWDQGUHFHVVLYHWUDLWVLQÀRZHULQJSODQWV(YHU\SDUHQW
plant has three gene cards in this activity: one for height, one
IRU ÀRZHU FRORU DQG RQH IRU VHHG VKDSH (DFK FKDUDFWHULVWLF
KDV WZR W\SHV RI JHQHV RU WUDLWV 7$// DQG VKRUW 5(' DQG
ZKLWH 5281' DQG ZULQNOHG 'RPLQDQW JHQHV DUH LQ $//
&$3,7$/OHWWHUVDQGUHFHVVLYHJHQHVDUHDOOORZHUFDVHOHWWHUV
Figure 1 shows how to make cards for two parent plants. Each
card has one gene on the front and one gene on the back. The
students make the cards themselves, shake them in a bag, and
dump them onto a desk or table. The genes that land face up
determine the traits of an offspring. Students record and count
the number of offspring with given traits and determine the
probability of the various possible genotypes and phenotypes.

Lesson 5: Sickle Cell Disease

The students reassemble the DNA models they made in Lesson
2 to better understand how genetic inheritance can produce
variations in DNA. They receive a booklet entitled Sickle Cell
Trait and Sickle Cell Disease: An Activity Book (available on
UHTXHVWIURP8&6)%HQLRII&KLOGUHQ¶V+RVSLWDO2DNODQG 6 in
which they draw a family tree and practice several Punnett
VTXDUHV VKRZLQJ KRZ GLIIHUHQW W\SHV RI VLFNOH FHOO GLVHDVH
sickle cell or other hemoglobin traits, or ordinary hemoglobin,
can be inherited. A researcher or health care practitioner talks
about current and future treatments for sickle disease, and a
young adult affected by the disease speaks about living with
it, showing how what the students have learned in class is
UHÀHFWHGLQUHDOOLIH6WXGHQWVDUHHQFRXUDJHGWRDVNTXHVWLRQV
of the practitioner and young adult to help their understanding
and break possible misconceptions.

The SEEK Curriculum
“Genetics and Sickle Cell Disease” is part of the 40-lesson
SEEK curriculum, which was developed by UCSF Benioff
Children’s Hospital Oakland and includes eight instructional
XQLWV HDFK RI ZKLFK WHDFKHV KXPDQ ELRORJ\ DQG VFLHQWL¿F
investigation in the context of examining a disease or medical
condition, such as sickle cell disease, which disproportionately
affects racial and ethnic minorities. Other instructional units

Figure 1.*HQHFDUGVIRU´3ODQW3DUHQWKRRGµ

PLANT 1:

Front of card

Back of card

)ORZHUFRORU

RED FLOWER

white flower

6HHGVKDSH

ROUND SEED

ROUND SEED

3ODQWKHLJKW

TALL PLANT

short plant

PLANT 2:

Front of card

Back of card

)ORZHUFRORU

RED FLOWER

white flower

6HHGVKDSH

wrinkled seed

wrinkled seed

3ODQWKHLJKW

short plant

short plant
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address obesity, traumatic brain injuries, infectious diseases,
poisoning from environmental toxics, diabetes, asthma and
lung disease, and heart disease.
The curriculum was designed with teacher input to make
science interesting and relevant to students who come from
UDFLDOO\DQGHWKQLFDOO\GLYHUVHORZLQFRPHHQYLURQPHQWVWR
help them meet state and national objectives for learning in
KHDOWKVFLHQFHDQGVFLHQWL¿FLQTXLU\DQGWRIRVWHUWKHLULQWHUHVW
in science, so that they may consider future careers related
to biomedical science and thereby help eliminate disparities
in the health care and biomedical research workforce. The
curriculum objectives for student learning are:
1. Students will be able to carry out a simple scientific
investigation.

7KH FXUULFXOXP HQJDJHV VWXGHQWV LQ WKH VFLHQWL¿F SURFHVV
and group problem solving, enabling them to use critical
WKLQNLQJVNLOOV7KH\SUDFWLFHREVHUYLQJTXHVWLRQLQJPDNLQJ
predictions, hypothesizing, planning experiments, identifying
and controlling variables, collecting data, measuring,
estimating, making graphs, and drawing conclusions.
2. Students will be able to describe a variety of health
care and biomedical science careers.

The curriculum uses role-playing and guest speakers to
introduce careers. The lessons can be presented without guest
speakers, but are enhanced by guests who can tell the students
what they do in a typical day, what kind of training they needed,
DQGZKDWUHVHDUFKLVFXUUHQWO\XQGHUZD\LQWKHLU¿HOGV
3. Students will be able to give examples of current
topics of biomedical research.

*XHVWVSHDNHUVSURYLGHLQIRUPDWLRQDERXWFXUUHQWUHVHDUFK,Q
addition, many of the experiments afford the opportunity to
relate what the students are doing to cutting-edge research.
4. Students will report engaging in healthy behaviors such
as eating more vegetables and exercising more often.

The lessons provide information on how to avoid many of the
health conditions studied and give students the opportunity
to role-play healthy behaviors. Some of the practical skills
covered are hand washing, eating a balanced diet, getting
plenty of exercise, not smoking, avoiding secondhand smoke,
and drinking plenty of water.
5. Students will be able to define basic terms related
to the human body such as “cell” and “artery” and
will be able to explain the function of organs and
organ systems such as “heart” and “immune system.”

The curriculum takes a “learn by doing” approach to teach
VFLHQWL¿F FRQFHSWV DQG WHUPLQRORJ\ 6WXGHQWV OHDUQ WKURXJK
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experiments, games, group problem solving, and other
activities. Worksheets reinforce the lessons.

METHODS
Subjects
7KH 2DNODQG 8QL¿HG 6FKRRO 'LVWULFW 286'  &DOLIRUQLD LV D
ODUJHXUEDQVFKRROGLVWULFWVHUYLQJDSSUR[LPDWHO\VWXGHQWV
94% of whom are non-white. At the time of this study (2006-2007
VFKRRO\HDU VFRUHVRQVWDWHZLGHWHVWVUHYHDOHGWKDWRQO\RI
WKJUDGHVWXGHQWVVFRUHGDWWKHSUR¿FLHQWRUDGYDQFHGOHYHOLQ
PDWKDQGRQO\RIWKJUDGHVWXGHQWVVFRUHGDWWKHSUR¿FLHQW
or advanced level in English/language arts.
The genetics unit was tested in a study involving 166
WKJUDGH VWXGHQWV  PDOH  IHPDOH  HQUROOHG LQ
OUSD schools. The experimental group consisted of 82
students at Fruitvale and Hoover Elementary Schools,
the comparison group of 84 students at Allendale and
Carl Munck Elementary Schools. The experimental and
comparison schools were located in comparable socioeconomic neighborhoods. The ethnicity of both groups was
approximately 48% African American, 33% Latino, 12%
$VLDQ&DXFDVLDQDQG3DFL¿F,VODQGHU

Instruments
The SEEK staff and the program evaluator developed a
TXHVWLRQPXOWLSOHFKRLFHSUHSRVWWHVW VHH)LJXUH FRYHULQJ
VFLHQFH FRQFHSWV VFLHQWL¿F SURFHVV OLIHVW\OH FKRLFHV DQG
careers related to genetics and sickle cell disease. Test-retest
reliability was established by administering the pre/posttest to the
FRPSDULVRQJURXS 1  RQWZRRFFDVLRQVWRZHHNVDSDUW
Percent agreement was 68.2%. This is low, but could be expected
with elementary school students. Reliability of the test is further
discussed below under “Limitations” and “Conclusion.”
A sickle cell counselor who visited some of the classrooms
gave 49 students information on sickle cell disease to take
KRPHWRWKHLUSDUHQWVDORQJZLWKDTXHVWLRQVXUYH\'LG
you receive materials about sickle cell disease and trait from
your child this week? 2. Had you heard about sickle cell
disease or trait before your child brought this information
home to you? 3. Was your child born in California? 4. Do you
know if you have been tested for sickle cell disease or trait?
:KDWGR\RXNQRZDERXWVLFNOHFHOOGLVHDVHDQGVLFNOH
cell trait? Questions 3 was included because all children
born in California after Feb. 1990 have been automatically
tested for sickle cell disease and trait.

Procedure
Students were administered the pretest a day or two before
WKH¿UVWOHVVRQZDVGHOLYHUHGDQGWKHSRVWWHVWZLWKLQDZHHN
DIWHUWKHODVWOHVVRQZDVGHOLYHUHG7KXVWRZHHNVHODSVHG
between completion of the pretest and completion of the
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION
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Figure 2. Genetics pre/posttest.

Lesson Concepts
 *HQHWLFVLVBBBBBBBBBBBBBBBBBBBBBBBBBBB
a. a type of molecule

b. WKHVWXG\RIWKHSDWWHUQVRILQKHULWDQFHRIVSHFLÀFWUDLWV
c. a contagious disease
d. a type of diabetes
7KHFHOOLVBBBBBBBBBBBBBBBBBBBBBBBBBBB
a.
b.
c.
d.

a recessive trait
the basic unit and building block of life
a DNA molecule
all of the above

(YHU\KXPDQFHOOFRQWDLQVBBBBBBBBBBBBBBBBBBB
a. an organ b. a nucleus c. tissue d. ligaments

$KHDOWK\LQGLYLGXDOKDVBBBBBBBBBFKURPRVRPHV
a. EFG

*HQHVDUHBBBBBBBBBBBBBBBB
a.
b.
c.
d.

a set of instructions for how your body looks and works
your pants
visible with a simple microscope
RNA (ribonucleic acid)

 :KDWSHUFHQWRI\RXUJHQHVGR\RXLQKHULWIURP\RXPRWKHU"
a. EFG

 7UDLWVFDQEHBBBBBBBBBBBBBBBBBB
a.
b.
c.
d.

inherited from your parents
learned
harmful or helpful
all of the above

 '1$BBBBBBBBBBBBBBBBBBBB
a.
b.
c.
d.

looks like a twisted ladder
can identify a person from a crime scene
determines your traits
all of the above

 :KHUHLV'1$ GHR[\ULERQXFOHLFDFLG ORFDWHG"
a.
b.
c.
d.

in the nucleus of a cell
in your heart
in the food you eat
none of the above

,I,KDYHDUHFHVVLYHWUDLWVXFKDVEOXHH\HVWKDW
PHDQVBBBBBBBBBBBBBBBBB
a. ,LQKHULWHGWZRUHFHVVLYHFRSLHVRIWKHJHQHIRUWKHWUDLW
b. ,LQKHULWHGRQHUHFHVVLYHDQGRQHGRPLQDQWFRS\RIWKH
gene for the trait
c. ,LQKHULWHGQRFRSLHVRIWKHJHQHIRUWKHWUDLW
d. %RWKRIWKHFRSLHV,LQKHULWHGIRUWKDWWUDLWZHUHGRPLQDQW

:KLFKRIWKHIROORZLQJVWDWHPHQWVLVFRUUHFW"
a. Dominant traits appear more often than recessive traits
b. Some genes contain errors that cause genetic diseases
c. <RXKDYHWZRFRSLHVRIHDFKJHQHRQHIURP\RXUPRWKHU
and one from your father
d. all of the above

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION

:KLFKRIWKHIROORZLQJLV127LQKHULWHGIURP\RXUSDUHQWV"
a. eye color b. dimple(s) c. malnutrition
d. sickle cell anemia

,I,WKLQNWKDW,PLJKWKDYHDJHQHWLFGLVHDVH,VKRXOG
a.
b.
c.
d.

get tested and get my partner tested before we have kids
take antibiotics
be careful not to spread it to my friends
change my DNA

:KLFKRIWKHIROORZLQJLVDJHQHWLFGLVHDVH"
a. bronchitis b. West Nile Virus
FVLFNOHFHOODQHPLDG$,'6

:KLFKRIWKHIROORZLQJVWDWHPHQWVLV127WUXHDERXW
VLFNOHFHOODQHPLD"
a. ,WFDXVHVFUHVFHQW PRRQ VKDSHGEORRGFHOOV
b. ,WFDQEHYHU\SDLQIXOLI\RXKDYHLW
c. ,I\RXKDYHLW\RXUUHGEORRGFHOOVKDYHWURXEOHWUDYHOLQJ
properly though blood vessels.
d. ,WLVFRQWDJLRXV<RXFDQFDWFKLWOLNHDFROG

Scientific Process
6FLHQWLILFLQYHVWLJDWLRQVLQYROYHBBBBBBBBBBBBBBBBB
a. hypotheses, tests, observations, and conclusions
b. theories, guesses, and stories
c. only variables and conclusions
d. none of the above

,KDYHWZRSODQWV7KHIHPDOHSODQWKDVWZRFRSLHV
of a dominant gene (BB) for big leaves. The male
plant has two copies of a recessive gene (bb) for thin
leaves. What genes do the offspring plants have, and
ZKDWGRWKH\ORRNOLNH"
a.
b.
c.
d.

BB (big leaves)
Bb (big leaves)
bb (thin leaves)
CC (curly leaves)

<RXKDYHQ·WGRQHDQH[SHULPHQW\HWEXW\RXWKLQNWKDW
African Americans have sickle cell anemia more often than
RWKHUHWKQLFJURXSV7KLVLV\RXUBBBBBBBBBBBBBBBBBBBBBB
a. hypothesis b. random variable
c. conclusion d. control variable

Lifestyle
,I,HDWDKHDOWK\GLHWH[HUFLVHUHJXODUO\DQGGRQ·WJHW
WRRVWUHVVHGBBBBBBBBBBBBBBBB
a. ,ZLOOEHDEOHWRLPSURYHP\JHQHV
b. ,ZLOOKDYHIHZHUUHFHVVLYHJHQHV
c. P\JHQHVZRQ·WFKDQJHEXW,ZLOOEHPDNLQJKHDOWK\
lifestyle choices
d. ,ZLOOUHGXFHP\FKDQFHVRIKDYLQJDJHQHWLFGLVHDVH

Health Careers
*HQHWLFFRXQVHORUVBBBBBBBBBBBBBBBBBBBBBBBBB
a. screen for Down Syndrome
b. do counseling for couples who have a family history of
genetic disease
c. interpret the results of genetic tests for couples who are
planning to have children
d. all of the above

92/12)(%58$5<7
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posttest. Students in the comparison group also completed the
WZRWHVWVWRZHHNVDSDUW7KHSXUSRVHRIWKHFRPSDULVRQ
group was to determine whether the posttest results were
affected either by having completed the pretest or by life and
FODVVURRPH[SHULHQFHVGXULQJDW\SLFDOWRZHHNSHULRG
Teachers received written instructions on the procedures
for administering the tests so that the conditions were as
similar as possible in each classroom. Teachers read each
item aloud as the students read along. Students were allowed
time to consider their answer choice if they needed it.

Data Analysis
(DFKRIWKHTXHVWLRQVRQWKHSUHSRVWWHVWVKDGRQHFRUUHFW
answer. Each incorrect answer was given a score of 0, and
each correct answer a score of 1. The Statistical Package for
WKH 6RFLDO 6FLHQFHV 6366  ZDV XVHG WR DQDO\]H WKH GDWD $

t-test was run on the overall test scores, as well as on each
LQGLYLGXDOTXHVWLRQ

RESULTS
7KH H[SHULPHQWDO JURXS 7DEOH   VKRZHG VLJQL¿FDQW
LPSURYHPHQWRQTXHVWLRQV 3 DQGRQWKHWHVWDVDZKROH
3  ZKHUHDV WKH FRPSDULVRQ JURXS 7DEOH   GLG QRW
VKRZ VLJQL¿FDQW LPSURYHPHQW HLWKHU RQ DQ\ RI WKHTXHVWLRQV
or on the test as a whole. The experimental students improved
RQVFLHQFHFRQFHSWTXHVWLRQVVFLHQWL¿FSURFHVVTXHVWLRQV
DQGOLIHVW\OHTXHVWLRQ7HDFKHUVUDWHGWKHHGXFDWLRQDOYDOXH
RIWKHXQLWDVRQDVFDOHIURP ORZ WR KLJK 
3RVWWHVW UHVXOWV VKRZ WKDW DIWHU FRPSOHWLQJ WKH  OHVVRQV
PRUHVWXGHQWVFDQFRUUHFWO\DQVZHUTXHVWLRQV 
DQG WKDWXVHWKHIROORZLQJWHUPVJHQHWLFV
nucleus, chromosome, gene, DNA, dominant gene, recessive

Table 1. Experimental group, pre/posttest results.
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C = Change

,QF ,QFRUUHFW

SD = Standard deviation

P = Significance

Q = Question number

N = Number of subjects

t = t value

T = Total

Cor. = Correct

M = Mean

df = Degrees of freedom
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Table 2. Comparison group, pre/posttest results.

Pretest

Posttest

WWHVW

C

Q

Cor.

,QF

N

M

SD

Cor.

,QF
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M
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t
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n/a
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C = Change

,QF ,QFRUUHFW

SD = Standard deviation

P = Significance

Q = Question number

N = Number of subjects

t = t value

T = Total

Cor. = Correct

M = Mean

df = Degrees of freedom

gene, genetic disease, and sickle cell anemia. Also, more
students can distinguish between hypotheses, variables, and
FRQFOXVLRQV  NQRZWKDWOLIHVW\OHFKDQJHVZLOOQRWDIIHFW
WKHLUJHQHV  DQGJLYHQWKHJHQRW\SHVRIWZRSDUHQWSODQWV
FDQFRUUHFWO\SUHGLFWWKHJHQRW\SHRIWKHRIIVSULQJ  
There was no difference between the experimental and
FRPSDULVRQ JURXSV RQ GH¿QLQJ ³FHOO´   RU ³UHFHVVLYH
WUDLW´  UHFRJQL]LQJWKUHHWUXHVWDWHPHQWVDERXW'1$
  RU LGHQWLI\LQJ DFWLYLWLHV RI JHQHWLF FRXQVHORUV  
&RPSDULVRQ JURXS SHUIRUPDQFH GHFOLQHG VLJQL¿FDQWO\
3 RQUHFRJQL]LQJWKUHHWUXHVWDWHPHQWVDERXWJHQHWLF
LQKHULWDQFH   DQG RQ LGHQWLI\LQJ WKH FRPSRQHQWV RI
VFLHQWL¿FLQYHVWLJDWLRQV  
7KH RQO\ TXHVWLRQ RQ ZKLFK WKH H[SHULPHQWDO JURXS
GHFOLQHGVLJQL¿FDQWO\ZDVZKLFKDVNHGWKHPWRUHFRJQL]H
three characteristics of traits: they can be inherited from
your parents, can be learned, and can be harmful or helpful.
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Genetic traits, of course, cannot be learned. Since the rest of
the test concerned only genetic traits, it was reasonable for
WKHVWXGHQWVWRDVVXPHWKDWWKLVTXHVWLRQWRRUHIHUUHGRQO\
to genetic traits. After completing the genetics unit, most of
the students answered “can be inherited from your parents”
or “can be harmful or helpful,” both of which are indeed true
statements about genetic traits. Thus, the students’ answers
DFWXDOO\GRUHÀHFWOHDUQLQJDQGWKLV LQDGYHUWHQWO\ ZDVD
WULFNTXHVWLRQ
Ten parents returned the sickle cell survey, answering
as follows: 1. Did you receive materials about sickle cell
GLVHDVHDQGWUDLWIURP\RXUFKLOGWKLVZHHN" \HVQR 
2. Had you heard about sickle cell disease or trait before
your child brought this information home to you? (7 yes,
QR :DV\RXUFKLOGERUQLQ&DOLIRUQLD" \HVQR 
Do you know if you have been tested for sickle cell disease
RUWUDLW" \HVQR :KDWGR\RXNQRZDERXWVLFNOHFHOO
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GLVHDVHDQGVLFNOHFHOOWUDLW"2QTXHVWLRQSDUHQWVJDYH
FRUUHFW VWDWHPHQWV  OHIW WKH TXHVWLRQ EODQN DQG  JDYH
other answers (they knew “nothing,” they knew they had
QRWEHHQWHVWHGRUWKH\ZDQWHGPRUHLQIRUPDWLRQ 

DISCUSSION
Limitations
7HVWUHWHVW UHOLDELOLW\ ZDV ORZ SHUFHQW DJUHHPHQW   
due to a trend of decline in scores of the comparison group.
The sample for the sickle cell survey was too small to allow
statistical analysis.

Conclusion
Pre/posttest results and student success with the activities
VKRZWKDWWKJUDGHLVQRWWRRHDUO\WRWHDFKJHQHWLFVDQGFRYHU
VLFNOH FHOO GLVHDVH DQG KHPRJORELQ  WUDLW V  $W WKLV OHYHO
the groundwork can be laid for further study of genetics and
JHQRPLFV LQ PLGGOH VFKRRO DQG KLJK VFKRRO ,W DSSHDUV WKDW
exposure to the pretest led to a general trend toward decline in
scores of the comparison group (the decline in the overall score
FDPHFORVHWRVLJQL¿FDQFH3  LQGLFDWLQJWKDWH[SRVXUHWR
the language of genetics and sickle cell disease, in the absence
of appropriate instruction, might lead to misconceptions.
Although the sample for the sickle cell survey was small,
the responses suggest that many families who might carry
sickle cell trait have never even heard of it and do not know
whether or not they have been tested. Questions 2 and 3
UHYHDOHG WKDW WZR SDUHQWV  RI WKRVH ZKR UHVSRQGHG 
had never heard of sickle cell trait although their children
had been born in California and therefore had been tested
IRULW,QDGGLWLRQSDUHQWVZKRKDGVRPHLGHDRUKDGKHDUG
of sickle cell may have had partial or wrong information
RU QRQH DW DOO 7KHVH ¿QGLQJV VXJJHVW WKH QHHG IRU PRUH
genetics and sickle cell education at all levels.
As health care becomes progressively more
individualized due to greater understanding of the human
genome, it will become ever more important for people to
XQGHUVWDQG JHQHWLF GLVHDVHV KRZ JHQHWLFV FDQ LQÀXHQFH
non-genetic diseases, and how lifestyle choices can interact
ZLWK JHQHWLFV WR LQÀXHQFH KHDOWK 7KLV VWXG\ VKRZV WKDW
¿IWKJUDGHLVQRWWRRHDUO\WRVWDUWOD\LQJWKHIRXQGDWLRQIRU
lifelong learning in these areas.
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IMPLICATIONS
This study shows that genetics and concepts related to sickle
FHOOGLVHDVHFDQEHVXFFHVVIXOO\WDXJKWDWWKH¿IWKJUDGHOHYHO
to racially and ethnically diverse students at a relatively lowperforming school in a low-income neighborhood. These
students may be at a higher risk for carrying sickle cell trait,
EXWGXHWRWKHF\FOHRISRYHUW\DQGLQDGHTXDWHHGXFDWLRQPDQ\
of their parents might not have heard of the sickle cell or other
hemoglobin traits. Providing relevant education early has the
potential for a long-term positive impact on public health.

HUMAN SUBJECTS APPROVAL
STATEMENT
7KH ,QVWLWXWLRQDO 5HYLHZ %RDUG ,5%  RI 8&6) %HQLRII
Children’s Hospital Oakland determined that this study met
WKHTXDOL¿FDWLRQIRU([HPSWLRQSXUVXDQWWR&)5  
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