
Tea

Stu

App

Runni

 

Receive

doi:10.5

 

Abstra

How to
challeng
learn fo
educatio
approac
been pr
Science
Univers
with se
formal c

aching C

udy Exa

plied Sc

ing Head

ed: June 16,

5296/ire.v4i

ct 

o engage und
ge in most 

for many st
on can be 
ches. Integr
roposed to 
e courses. P
sity classes 
lf-assessme
course data

Chemis

aminin

cience A

ding: Tea

Lawren

, 2016   A

i2.9537    

derrepresen
rural areas
tudents. In
used to en

ration of tr
increase en

rinciples of
and comm

ents of stude
a correlated 

stry in R

g Innov

Approa

aching Ch

Greg

University

U

E-mail: 

nce Kevin D

University

U

E-mail: 

Accepted: Ju

  URL: h

nted student
. A formal 
formal, pla
ngage man
aditional “w
ngagement 
f chemistry 

munity work
ents in intro
prior know

48

Rural A

vative I

aches to

hemistry

 

gory Van D

y of Alaska 

United State

drgsvd@gm

 

Duffy (Corr

y of Alaska 

United State

lkduffy@al

uly 19, 2016

http://dx.doi

ts in Scienc
school env

ace-based, 
ny students 
western” S
and broad

such as col
kshops. Par
oductory ch

wledge of co

In

America

Inform

o Impro

 in Rural

Doren 

Fairbanks

es 

mail.com 

responding 

Fairbanks

es 

laska.edu 

6   Publish

.org/10.529

e and Engin
vironment is
culturally r
commonly

cience with
den the part
ors and dye

rticipant sel
hemistry co
ntent to inc

nternational R

a: A Co

al Educ

oving E

l America

author) 

hed: August 

96/ire.v4i2.9

neering care
s not alway
relevant an
y bypassed 
h traditiona
ticipation o
es were taug
lf-assessmen
urses at two
reased learn

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

ompara

cation a

Engagem

a 

t 29, 2016 

9537 

eers is an im
ys the best 
nd applied 

by formal
al local cult
of rural stu
ght in both s
nts were co

wo Universit
ning gains f

Education 
2327-5499 

4, No. 2 

rothink.org 

ative 

and 

ment 

mportant 
place to 
Science 

l lecture 
ture has 
dents in 
standard 
ompared 
ties. The 
for basic 



chemist
formal U
in enga
related 
compar
Science
the Scie
concept

Keywo
educatio

1. Intro

In unde
problem
docume
underst
especia
a holist
citizens
Withou
resultin
Nichola

In the 
indepen
General
classroo
observa
Lowan-
Science
commo
perspec
et al., 2

Over th
students
Founda
(Middle
develop
Science
Science
the stud
SENCE
system.

try concept
University 

agement. W
to local cu

red to work
e education 
ence workfo
ts. 

rds: appli
on, tradition

oduction 

ergraduate 
m of conne
ented (NAS
and and live
lly women 
tic explorat
s, can see a
ut place-base
ng in reduc
as-Figueroa

last centu
ndent syste
lly, western
om while in
ation, expe
-Trudeau (2
e that has re
on ground (N
ctive could b
011; Lowan

he last 30 y
s (Sobel, 20

ation, is SEN
ecamp et a
p faculty w
e, Technolo
e and public
dent to the

ER courses 
 The more 

ts. The com
students, in

When held in
ultures and 
kshops held
in a comm

force by usi

ied science
nal knowled

Chemistry 
cting the c

S, 1998; 201
e in a mode
and minorit
tion of broa
a connection
ed and cultu

ced learning
a et al., 2015

ry, Indigen
ems (Barnh
n Science 
ndigenous 

eriences an
2012, 2013)
esearchers s
Nicholas-Fi
be a setting 
n-Trudeau, 

years, there
004; Van L
NCER, Scie
al., 2006; B

who could e
ogy, Engin
c interests b
e underlyin

aim to bu
students ca

mmunity wo
ndicating bo
n a Univers

places, lea
d at a cult

munity settin
ng applied 

e educatio
dge 

courses, es
ourses with
12). The lac
ern technolo
ties (Rich, 2
ader, real-w
n to their jo
ural engage
g outcomes
5). 

nous knowl
hardt, 2002

is transmit
or tradition

nd stories 
) has pointe
such as Caj
gueroa et al
for a curric
2015). 

e have been
Lopik, 2012)
ence Educat
Burns, 201
engage stud
eering and

by teaching 
ng principle
ild scientifi

an see relev

49

orkshop par
oth location 
sity classroo
arning outc
tural center
ng is a prom

Science top

on, chemis

specially th
h the learni
ck of engag
ogical societ
2011; Wildc
world socia
ob or comm
ements, we 
s (Barnhard

ledge and 
2; Lowan-T
tted throug

nal knowled
(Mazzocch

ed out the t
ete, Wildca
l., 2015). In
culum of sto

n major adv
). One such
tion for New
0). This n

dents by us
d Mathemat

through the
es (Middlec
fic literacy 
vance to the

In

rticipant res
and contex

om and lab
comes were
r. A long-te
mising appro
pics and cu

try, cultur

ose courses
ing needs o
gement with
ty impacts t
cat, 2009). C
l and politi
munity (Du
are less lik

dt, 2002; B

western S
Trudeau, 20
gh literature
dge is comm
hi, 2006; 
tensions bet
at, Kawagle
nformal edu
ories and pl

vances in d
h project, fu
w Civic Eng

national dis
sing capacio
tics course
ese complex
camp et al
for particip
ir own ever

nternational R

sponses diff
xt of the pre
oratory, wh

e lower in a
erm commi
oach to imp

ultural relev

ral engagem

s for non-S
of the stude
h Science p
the learning
Chemistry c
ical issues 

uffy et al., 2
kely to conn
Barnhardt &

Science wer
013; Medin
e and form
municated 
Nakashum

tween weste
y and Barn

ucation with
ace to enga

developing m
unded by th
gagement a
semination 
ous real wo
s. SENCER
x issues in t
., 2006; D
pation in th
ryday lives 

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

fered with t
esentation as
here ideas w
applied kno

mitment to i
proving div
vance to tea

ment, plac

Science maj
ents has be

principles ne
g for many s
can be embe
where stud
2011; NAS

nect to the s
& Kawagley

re viewed 
n & Bang,
mal courses
informally 

ma & Rou
ern and Ind

nhardt searc
h a land and 
age students

methods to
he National 
and Respons

project str
orld issues 
R courses 
the local co

Duffy et al.
he social ec
and to com

Education 
2327-5499 

4, No. 2 

rothink.org 

those of 
s factors 
were not 
owledge 
informal 
ersity in 
ch basic 

ce-based 

jors, the 
een well 
eeded to 
students, 
edded in 
dents, as 
S, 2014). 
students, 
y, 2003; 

as two 
, 2014). 
s in the 
through 

ue,2002). 
digenous 
ching for 

cultural 
s (Duffy, 

o engage 
Science 

sibilities 
rived to 
in their 
connect 

ontext of 
, 2011). 
conomic 

mmunity, 



the be
(Nichol

SENCE
to meas
to subst
assessm
learning
SENCE
objectiv
activitie
gains; (
or chan
versatil

In this s
in diff
self-ass
formal 
characte
standard
convers
explora
that the
faculty 
Science

2. Meth

2.1 Surv

With th
particip
identify
(http://w
modes a
varianc
from gr
question
other su

The an
question
Student
Periodic

etter their 
las-Figueroa

ER also dev
sure the stud
titute for d

ments, the re
g gains a
ER-SALG in
ves for usin
es were (a) 
(b) evaluate
nge Scienc
ity and effe

study we co
ferent regi
sessments o

and infor
eristic of I
d school le
sation and 
ation and en
e SENCER-

of relative 
e to local co

hods 

vey 

he exceptio
pants drew n
ying numb
www.salgsit
and generat
e depicted 
roup data, i
n, that data
urveys into 

nalysis focu
n-stems in 
ts were ask
c Table of 

understan
a, 2015).  

eloped a no
dents’ perce

direct assess
esearch stud
and aid in
n learning e

ng the SENC
to obtain c

e quantitativ
ce outreach
ectiveness o

ompared Ch
ons and 
f their Scien
rmal learn
Informal ed
ecture settin

often tailo
ngagement. 
-SALG (Stu
educationa

ommunity n

on of one 
numbers fro

bers. These
te.org/). Th
ted graphs o
as error ba
f desired; fo

a could be s
a composite

used on s
the SENCE

ked questio
the Elemen

nding of 

ovel student
eptions of th
sments used
dies suggest
n redesign 
environmen
CER-SALG
correlative 
ve and qual
h and educ
utside of fo

hemistry co
settings of
nce learning

ning enviro
ducation w
ng. The lear
red to the 
One goal w

udent Asses
al successes
eed.  

community
om a hat and
e response
he website a
of the data, 
ars about th
for instance,
singled out.
e sample. B

tudent self
ER-SALG a
ons about th
nts, balanci

50

the princ

t assessmen
heir progres
d in formal
ted that SA

(http://sal
nts both in a
G in Scienc
data throug
itative data

cation activ
ormal Unive

ourses for n
f the USA
g gains and

onments. I
which is bro

rning is thr
individual 

was to exam
ssment of L
s and failur

y workshop
d entered pr

es were la
automatical
which prov

he means. In
, if a respon
Surveys co

Both types o

f-assessmen
and the first
heir unders
ing equatio

In

ciples and

nt of learnin
ss. The SEN
 classroom

ALG respons
lgsite.org/).
and outside 
e classes an

gh participa
a which cou
vities; (c) d
ersity Scienc

non-Science 
A. We d

d their attitu
nformal le
oadly defin
rough the e

(Medin &
mine partici
Learning Ga
res, as they 

p, where co
re/post resp
ater entere
ly calculate
vided an eas
ndividual re
ndent marke
ould be ana
f analysis w

nt of “und
t question-s
standing of 
ons. There w

nternational R

d their le

g gains tool
NCER-SALG
s, but in th
ses would p

This stu
of Universi

nd informal
ant self-asse
uld inform d
demonstrate
ce courses a

majors fro
ocumented 

udes toward
earning env
ned as edu
engagement 

& Bang, 20
ipant respon
ains, 2014) 
endeavor t

omputers w
ponses on pa
d into th

ed means, s
sy-to-read o
esponses co
ed the same

alyzed alone
were used in

derstanding”
stem of the 
f dyes and 
were 15 qu

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

earning ou

l, SENCER
G was not i

he absence 
provide evid
udy examin
ity classroo
l Science ed
essment of 
decisions to
e the instr
and classroo

om two Univ
the parti

ds Chemistry
nvironments
ucation outs
t of experie
014). It enc
nses for ind
could infor

to adapt Un

were not av
aper forms 

he SALG 
standard dev
overview, w
ould be sing
e response 
e or combin
n this report

”, one of 
pre-course
pigments, 

uestions in 

Education 
2327-5499 

4, No. 2 

rothink.org 

utcomes 

R-SALG, 
intended 
of other 
dence of 
ned the 

oms. The 
ducation 
learning 

o modify 
rument’s 
oms. 

versities 
icipants’ 
y within 
 are a 
side the 

ence and 
courages 
dications 
rm rural 
niversity 

vailable, 
that had 
website 

viations, 
with data 
gled out 
to every 
ned with 
.  

the ten 
e survey. 

pH, the 
all. The 



Lichert 
observe

This SE
learning
underst
student 
transfor
student 
not iden
and gen
survey m

2.2 Cou

UAF C
Society
been co
The UA
enrolled
pre-cou
semeste
before/a
study, o

 

Table 1

1. 

2. 

N
N

3. 

4. 

scale resp
ed/ applicab

ENCER pre
g gains. E
anding of th

gains as 
rmational (s
can see br

ntify indivi
nerates grap
means. 

urses 

Chem 100 w
y’s text Che
ombined wit
AF instructo
d in either t
urse survey
ers of pre-
after attitud
other than co

. Student gr

 UAF Chem
SENCER-S
knowledge,

HU Chem 
using natur
Native Am
Native Ame

A 3-hour w
students, in
workshop, 
also taught 

Two separa
several non
experiment
told stories 

onse option
ble; 2: Not a

e and post e
very stude
he question
none (sca

scale 6). Tr
roader conc
dual studen
phics of th

was a cours
emistry in C
th traditiona
or had prior
the Spring o
s (Table 1
-and post-c
des and self
ompleting t

roups with b

m 100 stud
SALG surve
, related to d

101 studen
ral dyes, but

merican know
erican cultu

workshop f
n which na
a Yakama 
students Sa

ate 6-hour d
n-Native w
ts, and then
to others pr

ns to the s
at all; 3: Just

experience 
nt makes 

n or issue po
ale 1 or 2
ansformatio
epts and re

nts and auto
e data. The

e for non-S
Context (AC
al knowledg
r experienc
or Fall 2009
). The two
course resp
f-assessmen
the SENCER

both pre-co

dents (Sprin
eys. The st
dyes and pi

nts (Spring 
t who receiv
wledge, nor
ures. 

for advance
atural dyes 

elder descr
ahaptin nam

dye worksho
weavers and
n they used 
resent, and 

51

tatement, “
t a little; 4:

rubric is si
a qualitativ
osed. The in
2); basic (
onal indicat
elationships
omatically c
e Student t

Science maj
CS, 2014), 
ge, to engag
ce using the
9 UAF Che
o UAF Ch
ponses) ser
nts from stu
R-SALG su

ourse/worksh

ng and Fall 
tudents did 
igments in t

2009 seme
ved no instr
r did they p

ed placeme
were used 

ribed why w
mes for the c

ops for Nat
d artists. E
dyed mate
assisted peo

In

“Presently, 
Somewhat;

milar to an
ve assessm
nstructors c
scale 3 or
tes a higher
. The SALG
calculates m
t-test was u

jors and uti
an issues-b

ge students 
e SENCER-
em 100 cou
em 100 co
rved as a 
udents who
urveys. 

hop and pos

2009 seme
not discus

he course.

ster), who c
ruction rela
participate i

ent high sc
to teach co

were impor
colors. 

tive Americ
Elders in a
rials to dem
ople with th

nternational R

I understan
; 5: A lot; 6

n individual 
ment of the
can view the
r 4); advan
r quality of 
G assessme
means and s
used to com

ilized the A
based text t
in Science (
-SALG. Thi
rses volunta

ourse surve
control g

o had no in

st course/wo

sters), who
s traditiona

completed 
ating natural
in any class

chool Biolo
oncepts rela
rtant to Nat

can weavers
ttendance p

monstrate th
heir weaving

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

nd…” were
: A great de

 audit of pe
eir knowled
e summatio
nced (scale
learning w

ent instrume
standard de

mpare pre a

American C
that had pre
(Duffy et al

hirty of the 
arily compl

eys (two co
group, repr
nteraction w

orkshop sur

o participate
al Native A

laboratory 
l dyes to tra
s discussion

ogy and Ch
ated to pH
tive Americ

s; one also i
participated
heir weavin
g. 

Education 
2327-5499 

4, No. 2 

rothink.org 

e 1: Not 
eal. 

erceived 
dge and 
on of the 
e 5) or 

where the 
ent does 
eviations 
and post 

Chemical 
eviously 
l., 2009). 
students 
leted the 
ombined 
esenting 

with this 

rveys 

ed in the 
American 

sessions 
aditional 
ns about 

hemistry 
. At the 

cans and 

included 
d in pH 
ng skills, 



Student
demogr
Univers
courses
Fairban
sites: on
worksh
artists. 

3. Resu

3.1 Uni

UAF’s 
Chemic
is desig

In the U
pigmen
“scienti
pigmen
were no
Periodic
with a m
UAF, sh

 

The pos
means 
post-cou

t STEM cou
raphics of 
sity, the per
s were held
nks, Alaska.
ne was held
op was held
 

ults 

iversity of A

Chem 100
cal Society 
gned to conn

UAF Chem 
nts, which w
ific names f

nts to my cu
ot applicab
c Table of t
mean 3.8 ± 
howing a ba

st-course su
of the pr

urse gain re

urse enrollm
under 7%

rcentage of 
d in a large
. HU stude
d at the Ya
d at the Tam

Alaska Fairb

0 course u
textbook, C
nect Chemis

100 pre-co
were not dis
for dyes, pig
ulture”. Twe
le to the co
the Element
1.03 (Figur

asic pre-cou

Figure 1. 

urvey had 28
re-course a
eported was

ment at the
 Alaska N
American I

e amphithe
nts and com

akima Camp
mastlikit Cu

banks, the C

used a SEN
Chemistry in
stry to real w

ourse survey
cussed in th
gments” to a
enty percent
ourse. Pre-c
ts” resulted 
re 1). Those
urse underst

Pre-course 

8 UAF stud
and post-co
s “the Chem

52

e University
Natives and
Indians enr

eater in the
mmunity pa
pus; one w

ultural Cente

Control Gro

NCER mod
n Complex S
world issue

y, the lowes
he course. T
a mean of 2
t of the resp
course ques
in a mean o
e were the 
tanding of t

 

survey indi

dents volunt
ourse surve
mistry term

In

y of Alaska 
d American
rolled in ST
e Reichardt 
articipants r

was held at t
er in Pendle

oup 

del course 
Systems. Th
s and applie

st student r
They ranged
2.5 ± 1.04 fo
pondents ind
stions abou
of 3.9 ± 1.22
highest und

the pH conc

icates know

tarily compl
eys were n

m pH,” with 

nternational R

Fairbanks 
n Indians 

TEM course
Natural Sc

received ins
the local hi
eton, Oregon

approach 
his course m
ed topics.  

esponses w
d from a me
or the “impo
dicated that 

ut their unde
2 and “the c
derstanding 
cept. 

ledge base 

leted respon
not equiva
a mean of 

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

followed th
while at H

es was high
cience Bui
struction at
igh school 
n with weav

and the A
model and t

were about d
ean of 1.8 ±
ortance of d
t dyes and p

derstanding 
chemistry te
levels reco

 

nses. The nu
alent. The 
f 4.4 ± .96 (

Education 
2327-5499 

4, No. 2 

rothink.org 

he usual 
Heritage 
er. UAF 
lding in 
t several 
and one 
vers and 

American 
textbook 

dyes and 
± .46 for 
dyes and 
pigments 
of “The 
erm pH” 

orded for 

umerical 
greatest 

(good to 



great ga
4.3 ± 1.

 

Figure 

As men
with a 
pigmen
selected
mean c
change 
students

 

ain, Figure 2
.01 (good ga

2. Post -cou

ntioned, the 
mean of 2

nts, 2.6 ± 1
d “not appli
alculations.
supports th

s and impro

Figu

2), followed
ain) and “th

urse survey 

lowest gain
.4 ± 1.3 (a
.36 (little t
icable” to t
. The use o
he concept 
ove learning

ure 3. Applie

d by “how t
he Periodic T

demonstrat

ns reported w
a little gain)
o moderate
he dye-rela

of the textbo
that real w

g gains (Figu

ed science c

53

this course r
Table of the

tes knowled

 

were related
) followed 
e gain). Ov
ated questio
ook and an

world issues
ure 3). 

connects ch

In

relates peop
e Elements,

dge gained b

d to dyes fo
by “local o
er one third

ons. Those r
n Alaskan fo
s and relate

hemistry to r

nternational R

ple to world
” 4.2 ± .96 

beyond prio

or “the chem
or ethnic n
d (35%) of
responses w
ocus on the
ed applied s

 

real world is

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

d issues,” (F
(good gain)

 

or content ex

mistry term m
names for d
f the UAF 
were exclud
e impact of
science can

ssues 

Education 
2327-5499 

4, No. 2 

rothink.org 

Figure 3) 
). 

xposure 

mordant” 
dyes and 
students 

ded from 
f climate 
n engage 



3.2 Her

The HU
to the U
an issue
(ACS, 
laborato
experim
UAF C
complet
respons
2.2 ± .7
at all) w
for “Th
“the Ch

In the H
result 
UNDER
of 4.5 ±
mean of
names f
for dyes
than the

 

F

 

ritage Unive

U Chem 101
UAF Chem 
es-based tex
2014). Th

ory experim
ments. The 
Chem 100 s
ted the pos

ses to “Pres
71 (not at al
with just un
he Periodic T
hemistry term

HU Chem 
of your 

RSTANDIN
± .69 (good
f 4.5 ± .69 s
for dyes and
s and pigme
e UAF resul

igure 4. Her

ersity 

1 course wa
100 course.

xt such as th
e course c
ments were
pre-course 
students. T
t-course su
ently I unde
ll) and “scie
der 10% of
Table of Ele
m pH” with

101 post-co
work in 

NG of each 
d to great ga
showed a g
d pigments”
ents” with a
lts.  

ritage Univ

as also for n
. Unlike the
he American
clearly diff
e substitute
and post-co

Twenty six 
rvey. In the
erstand …”
entific name
f students m
ements” wit
h a mean of 

ourse surve
this class
of the follo

ain) (Figure
ood to grea
” with a mea
a mean of 3

ersity stude

 

54

non-Science
e UAF cour
n Chemical
fered from 
ed for stan
ourse surve
students c

e HU Chem
” were “the 
es for dyes,

marking “not
th a mean o

f 3.6 ± 1.42 

ey, the two 
s, what G
owing?” we
e 4). “The P
at gain. Alth
an of 3.3 ± 
3.5 ± .90 (m

ents' underst

In

e majors an
rse, Timberl
 Society’s t
the UAF 

ndard pH 
eys were id
ompleted t

m 101 pre-c
Chemistry t
, pigments”
t applicable
of 3.8 ± .75 
(just a little

highest res
GAINS DI
ere “the Che
Periodic Tab
hough respo
.82 (modera

moderate gai

tanding of p

nternational R

d the conten
lake’s (2006
extbook, Ch
course be
and soluti
entical to th
he pre-cour

course surve
term morda
 with a mea

e.” The high
(just a little
 to somewh

sponses to t
ID YOU 
emistry term
ble of the E
nses includ
ate gain) an
in), the gain

pH prior to t

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

ent was very
6) textbook 
hemistry in 

ecause natu
ion Chemis
those comp
urse survey 
ey , the two
ant” with a 
an of 2.2 ± 
hest respons
e to somew
hat). 

the questio
MAKE i

m pH” with
Elements” a
ded “Local o
nd “scientifi
ns were stil

 

the worksho

Education 
2327-5499 

4, No. 2 

rothink.org 

y similar 
was not 
Context 

ural dye 
stry lab 
leted by 
and 20 

o lowest 
mean of 
.59 (not 

ses were 
what) and 

n “As a 
in your 
h a mean 
also with 
or ethnic 
ic names 
l greater 

op 



3.3 Info

For the 
students
respons
“scienti
highest 
and “Na
Chemis

After t
underst
reported
± .75 (g
to other
“how th
students

3.4 Info

A two-
Pendlet
Native 
Americ
data set

In the p
for dyes
“how p
while th
mean of

The po
deviatio
and ext
to my 
lowest r
60% of 

ormal Educa

high schoo
s participat
ses for “the
ific names 
responses w

ames of che
stry term pH

the 3-hour 
anding wer
d great gain
good gain). 
r cultures” 
his course 
s responded

ormal Educa

day, 6-hour
ton, Oregon
American e

can, at a sec
ts were com

pre-worksho
s, pigment 

pH and mor
he highest r
f 3.7 ± 1.5. 

ost worksho
ons between
tract natural
culture”. A
response wa

f participant

ation, High 

ol workshop
ed, the pre-
e Chemistry
for dyes an
were for “T
emicals” wi

H followed s

workshop,
re “the Che
n,” and “pr
Responses 
with a me
relates peo

d “not applic

ation at the 

r workshop
n. Over 20 
elders amon
cond works

mbined for a

op surveys, 
and process

rdants chan
response wa

 

op survey h
n 0.5 and 1
l dyes and p

All reported
as “balancin
ts reporting 

School Wo

p, in which 
-course surv
y term mor
nd pigments

The Periodic
ith a mean 
several othe

, the same
emistry term
reparing ma
with the lea
an of 2.9 ±

ople to wor
cable”) whi

Tamastlikit

p was held 
weavers a

ng them. Th
shop hosted
nalysis in th

the two low
ses in using
ge colors” 
as “the imp

had several
1.0: “differe
pigments” (

d good gain
ng equation
no gain or n

55

rkshop 

h 12 advanc
rvey of pres
rdant” with
s” with a m

c Table of E
of 4.4 ± 1.5
er questions

e students 
m pH” with
aterials for 
ast gains rep
± 1.60 (2 s
rld issues” 
ile the rema

t Cultural C

for weaver
and artists a
here were fo
d at HU. D
his study. 

west respons
g them” wit
with a mea

portance of 

l high resp
ences betwe
(Figure 5) a
ns in under
ns” with a m
not applicab

In

ement plac
sent underst
h a mean o
mean of 2.1
Elements” w
51 (somewh
s, with a me

responded 
h a mean o
dyes and p

ported were
students res
with a me

aining stude

Center 

rs at the T
attended, fr

four particip
ue to the s

ses for unde
th a mean o
an of 2.4 ± 
dyes and p

ponses with
een dyes an

and “the imp
rstanding. B
mean of 2.2 
ble). 

nternational R

ement Biolo
tanding res
of 1.9 ± .2
1 ± .29 (no

with a mean 
hat to a lot)
an of 3.3 ± 

that their 
of 4.4 ± 1.0
pigments” w
e “how ideas
ponded “no
an of 3.0 ±
nts reported

amastslikt C
rom three s
pants, two o
mall second

erstanding w
of 2.3 ± .69 

.70 (not at
igments to 

h means of
nd pigment
portance of 
By contrast 

± 1.14 (a li

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

logy and Ch
sulted in the
29 (not at 
ot at all), w

of 4.4 ± 1.4
. Responses
1.15 (just a

greatest g
0 (8 of 12 
with a mean
s in this cla
ot applicabl
± 2.0 (5 of
d moderate 

Cultural Ce
states, with
of who were
nd group, w

were “Nativ
pH (not at 

t all to just 
my culture

f 4.2 and s
ts”, “how to
f dyes and p

in this gro
ittle gain, w

Education 
2327-5499 

4, No. 2 

rothink.org 

hemistry 
e lowest 
all) and 

while the 
42 (a lot) 
s to “the 
a little). 

gains in 
students 
n of 4.2 

ass relate 
le”) and 
f the 12 
gains.  

enter, in 
h several 
e Native 

workshop 

ve names 
all) and 
a little) 

” with a 

standard 
o obtain 

pigments 
oup, the 

with over 



 

4. Discu

4.1 Prio

In both 
the pre-
represen
respons
students
areas, w

In this 
the cou
related 
variatio
untaugh
research
SALG, 

Learnin
and the
course. 
number
configu
covalen
knowle
Western
to have

Figu

ussion 

or Knowled

 the UAF a
-course surv
nted their 
ses were be
s also claim

with respons

study’s surv
urse; many U
to dyes and

ons among 
ht content; h
hers where 
as reported

ng to read th
ir atomic nu
The period

r of valence
urations and
nt bonds, c
dge require
n perspectiv
e prior und

ure 5. Cultu

dge 

and HU intr
vey that “T
highest le

etween “just
med that the
ses consiste

veys, the st
UAF studen

d pigments, 
responses,

however, th
data supp

d on http://w

he Periodic 
umbers, is 
dic table is 
e electrons 
d electrone
chemical f
ements for 
ve, unconne
derstanding 

ural relation

roductory C
The Periodic
evel of cur
t a little” an
eir greatest 
ntly in the “

tudents did 
nts either r
which were
including 

he survey re
ort modera

www.salgsit

Table of E
one of the m
based on h
which disc

egativity’s –
formulas an

other Scie
ected to the 

of the Per

56

nships impro

Chemistry c
c Table of E
rrent under

and “somew
gains in un

“good” to “

not claim l
reported “no
e not part o
a few stu

esults were 
ate correlati
te.org/ 

lements, be
main course
how electro
cern propert
– all are e
nd balance
ence cours
environmen
riodic Tabl

In

ove students

courses for 
Elements” a
rstanding i

what” levels
nderstandin
great gain” 

learning gai
o gain” or “
of the UAF 
udents who
similar to t
ions betwe

eyond know
e objectives
on shells fil
ties of grou
essential to
ed reaction
es, but are
nt. Whether
e of the E

nternational R

s' learning g

non-majors
and the “Ch
in Chemist
. Notably, b

ng occurred 
categories. 

ins for cont
“not applica
Chem 100 

o reported 
those obtain
en direct a

wing the nam
s in an intro
ll and deter
ups of elem
o understan
ns. These c
e presented
r introductor

Elements, or

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

 

gains 

s, students s
hemistry Te
try, althoug
both UAF 
in those sa

 

tent not inc
able” for q
course. The
learning g

ned by othe
assessment 

mes of the e
oductory Ch
rmine an el

ments, their 
nding ionic
concepts a

d from an 
ry students 
r not, it w

Education 
2327-5499 

4, No. 2 

rothink.org 

stated in 
erm pH” 
gh their 
and HU 

ame two 

luded in 
questions 
ere were 
ains for 

er SALG 
and the 

elements 
hemistry 
lement’s 
electron 

c bonds, 
are core 

abstract 
claimed 

would be 



expecte
expecte
observa
students
this kno
either t
unansw
time the
became
and HU
setting 
use of d

At HU
concept
introduc
exams, 
experim
from th
“great 
underst
the chem

4.2 Info

At the b
school 
underst
The po
underst
objectiv
Informa
leading 

The adv
underst
Nearly 
experim
culture,
post-wo
this cou
those id
discussi
literatur

ed that post
ed that the
ations woul
s, prior kno
owledge w
the textboo

wered questi
ey approach
e the prior k
U formal cl
in contrast 

dyes. 

U, the pigm
ts related t
ctory Chem
was no b

ments from 
he lecture, a 
gain” on th
anding of p
mistry conc

ormal Educa

beginning o
students, th
anding of “

ost-worksho
anding “the
ves of the 
al workshop
to a feeling

vanced plac
anding of “
half of the 

ments. Altho
, and taugh
orkshop resp
urse relates 
deas were “n
ion “dye u
re (Medin &

t-course sur
ey would 
ld suggest 
owledge and
as presente

ok or the in
on would b
hed the subj
knowledge 
ass student
to the infor

ment and dy
to pH, whi

mistry cours
etter or wo
a standard 
standard pH

he post-cou
pH. This ind
cept to the s

ation at Wo

of the work
he students

“the Chemis
op survey s
e Chemistry
workshop, 

ps have bee
g of concept

cement high
“the Periodi
high schoo

ough a Yak
ht the stud
ponses wer
people to w

not applicab
use in my 
& Bang, 201

rveys woul
necessarily
that, for at

d/or topic in
ed from a m
nstructor), 
e how much
ject, if eithe
base neede

ts had a foc
rmal works

ye laborato
ich is one 
se for non-
orse than s
lab manual 
H lab, or th
urse survey
dicates that t
tudent is im

orkshops 

kshop at the
s had not y
stry term pH
showed tha
y term pH”

the works
en known to
t understand

h school stu
ic Table of

ol students f
ama elder w
dents Sahap
e for “how 
world issue
ble”. For th
culture” ne
14). 

57

ld indicate 
y be the h
t least som
nterest influ
more applie
the basic p
h more wou
er their inte
ed to excel 
cus on incr
shop weaver

ory experim
of the las

-majors. Stu
student per
 had been u

he dye labs, 
ys at both 
the instructo

mportant. 

e high scho
yet begun t
H” was not 
at 8 of the
”. Since lea
shop would
o increase e
ding.  

udents had a
f Elements”
focused the
was present
ptin names
ideas in thi

es,” with ov
hem, it was 
ever occurr

In

gains in th
highest ga

me UAF Ch
uenced the l
ed, concrete
prior under
uld these stu
erests were p

the second 
reased conte
rs whose in

ments were 
st subjects 
udent perfo
formance i
used. Wheth
they consis
HU and U
ors’ role co

ool lab, for 
the unit on 
among thei

e 12 studen
arning pH w
d be traditi
ngagement 

an unusually
” in the pre-
eir attention

to describe
s for the c
is class rela
ver 40% of 
as if the Ya
ed. This w

nternational R

heir underst
ins recorde
hem 100 an
learning ga
e issue bas
rstanding w
udents be ab
piqued or th
time throu

ent acquisit
nterest was 

primarily 
addressed 
rmance, on

in prior Se
her or not s
stently repor

UAF, when 
mmunicatin

the advanc
pH in the

ir top pre w
nts reported
was one of
ionally view
and attentio

y high self-
-workshop 
directly on

e the import
colors extra
ate to other c

the respond
akama elder
was unexpec

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

tanding. It 
ed, howev

and HU Ch
ains reported
sed perspec
was increas
ble to learn 
heir partial 
ugh? Both t
tion becaus
only in the

designed t
in a one-s

n direct ass
emesters, w
students lea
orted “good 

asked abo
ng a connec

ced placeme
eir classes, 
workshop re
d “great ga
f the main 
wed as a 
on among s

-assessment
survey (4.8

n the labora
tance of dy
acted, their
cultures” an
dents claim
rs’ presence
cted, based

Education 
2327-5499 

4, No. 2 

rothink.org 

was not 
ver. Our 
hem 101 
d. When 
tive (by 
ed. The 
the next 
learning 
he UAF 
e of the 

e applied 

to teach 
semester 
sessment 

when the 
rned pH 
gain” to 

out their 
ctivity of 

ent high 
so their 
sponses. 
ain” for 
learning 
success. 

students, 

t of their 
8, a lot). 
atory pH 
es to his 
r lowest 
nd “how 

ming that 
e and the 
d on the 



In the N
Univers
pH”, bu
importa
respons
reflecte
attendin
using th
non-Na
Native 
negativ
This ha
with a 
part of c

In the 
importa
pigmen
directly
exceptio
it was t
obtain a
survey. 

In the N
“not ap
equation
respons
When c
respons
correctl
content 
group. 
veracity
pressure

4.3 Lea

The in
environ
a mod
experim
experim
Contras
new kn

Native Amer
sity student
ut unlike a

ance of dy
ses (8 respo
ed the cultur
ng the work
hem” and “h
ative’s lack 
American’s
e way, this 

as great imp
“one size f
connectivity

Native Am
ance of dye
nts”. As in 
y correlated
on of “the C
the applicat
and extract 

Native Ame
pplicable” to
ns, names o

ses and actu
compared t
ses, in the p
ly marked “

that was n
These resp

y in reporti
es. 

arning Envir

nformal wo
nments had a
dern Chemi
ment at-han
ment and o
stingly, the 

nowledge in

rican works
t groups, th
any other g

yes and pig
onded “a l
ral differenc
kshop. The 
how pH and
of interest 
s lack of in
result demo
lications for

fits all” mod
y and engag

merican pos
es and pigm

every othe
d to the hi
Chemistry t
tion of the 
dyes and p

erican works
o questions
of elements
ual knowle
to the high
pre-course 
“no gains” 

not taught, b
ponses refle
ng learning

ronment 

orkshop set
a large influ
istry labor

nd, such tha
other cultur
group at th

nto their exi

shops at the
e highest re
group there
gments to 
ot” or “a g
ces between
lowest resp

d mordants 
in learning

nterest in le
onstrates tha
r formal sci
del. Our res
gement. Thi

t-workshop
ments to my
er pre/post 
ghest gains
erm pH.” A
concept (u

pigments” b

shop survey
 asked abou
and compo

dge present
 school wo
survey, did
and “not a

but purpose
ect more m
g gains and 

tting used 
uence upon 
ratory envi
at many stu
res, even w
he Tamastli
sting world

58

e Tamastslik
esponse for
e was also 
my culture
great deal”
n the Native
ponses wer
change col
about Nati
arning abou
at perspecti
ience course
search indic
is is easier t

p survey, th
y culture” a

survey, th
s reported 

Although pH
using pH to
being one o

ys, 50-60% 
ut content 
ounds), indi
ted, as com
orkshop res
d not show 
applicable” 
ely included
mature self-
d perhaps th

in this st
the particip

ironment d
udents faile
when a Y
ikt Cultural

d views and

In

kt Center, th
r understand

a high lev
e.” In fact,
” and 8 res
e American 
re “Native n
lors.” These
ive names f
ut pH and m
ves will var
es where th
cates that in
to accompli

he highest 
and “how to
he highest 
in the pos

H was the co
o change co
of the highe

of the parti
not include
icating a co

mpared to th
sponses, the
inflated est
responses i

d in the sur
-assessment
he lack of g

tudy gives 
pants’ focus
directed pa
ed to see a
akama eld
l Center foc
values. In 

nternational R

he pre-cours
ding was “t
vel of und
 the bimod

sponded “no
elders and n
names for d
e responses 
for dyes and
mordant eff
ry with the i
e drive is to
ndividual p
sh in an info

gains were
o obtain an
pre-worksh

st-workshop
oncept taugh
olors) that r
est gains in 

icipants rep
ed in the wo
orrelation be
he Universi
e Native A
timates of u
in the post-
rvey) were t
t of unders
grade risk o

an indica
s. In the high
articipant f
a connection
er describe
cused prima
terms of lea

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

se surveys, 
the Chemis

derstanding 
dal distribu

not at all”) 
non-Native
dyes and pr
likely refle

d processes
ffects on co
individual s
o increase c
perspective 
formal settin

e reported 
nd extract d
hop underst
p survey, w

ght in the wo
resulted in 

the post-w

ported “no g
orkshop (ba
etween thei
ity course 

American w
understandi
-course surv
the highest

standing ne
or classroom

ation that 
h school wo
focus towa
n between 
ed the con
arily on int
arning theo

Education 
2327-5499 

4, No. 2 

rothink.org 

as in the 
try term 
of “the 

ution of 
directly 
artisans 

rocesses 
ected the 

and the 
lor. In a 
students. 
lass size 
is a key 

ng. 

for “the 
dyes and 
tandings 
with the 
orkshop, 
“how to 

workshop 

gains” or 
alancing 
r survey 
surveys. 

workshop 
ing. The 
vey (for 
for any 

eeds and 
m social 

learning 
orkshop, 
ards the 

the dye 
nnection. 
tegrating 
ories, the 



high sch
academ
the holi
perspec

While p
environ
learner 
substan
qualitat
differen
environ
For exa
THE SU
were re

 “Appr
(Tamas

 “Now

In the h
importa
names f
did not 
enginee
particip
correlat
in the la
the labo
cultural
UAF co
HU lab
applicat
worksh
particip

One of 
measure
people, 
aspirati
reaction
higher l
site illu

 

hool worksh
mic fragment

istic views 
ctive of the w

pH was taug
nment and 

had very di
ntial amount
tive informa
nces in lear
nments. Res
ample, to th
UBJECT HA
corded. 

reciate our
stlikt Works

w I see how 

high school 
ance of the 
for the colo
associate a

ering of foo
pants accura
tions betwe
aboratory se
oratory sett
l setting, lea
ourse, the te
boratory co
tions of C
op’s learni

pants’ practi

f the greate
e higher qu

educationa
ons preven
ns to educa
levels of kn

ustrates how

hop survey 
tation theor
described b
weavers and

ght the sam
cultural di
ifferent “ne
t of inform
ation. Repr
rning enviro
sponses vari
he question
AS CHANG

r world an
shop)”; 

changing pH

 workshop,
dyes and p
rs extracted

any of the la
od or safe 
ately separa
en the subj
etting were 
ting, learnin
arning gains
extbook con

ourse and h
Chemistry o
ing gains i
ices, worldv

est values o
uantities of e
al strategie
nt “learnin
ational prog
nowledge ac

w the eviden

responses m
ries, while t
by Cajete (2
d artists. 

me way in b
fferences r

eeds” for the
mation, the p

esentative r
onments, bu
ied substan

n “Please co
GED as a re

nd the mat

H levels can

 held in a U
pigments to 
d. Post-cour
aboratory ac
drinking w

ated taught/n
ect taught a
distinguish

ng gains we
s were asso
ntent was r
high school
or Chemist
indicated a
views and v

of the SEN
evidence (H
s can be im

ng” change
grams, at th
cquisition an
ce informed

 

59

more closely
the Tamastl
2000) and W

both the hig
resulted in 
e knowledg
participants
responses, 
ut also diff

ntially, with
omment on
esult of this

terials prov

n affect out

University l
Yakama cu

rse surveys 
ctivities wit

water. In th
non-taught 
and their cu
hed from the
ere associa

ociated with
related to ap
l workshop
try relation
an integrati
values.  

NCER-SALG
Hoffman et 
mproved b

es. Educati
he risk of c
nd compreh
d us.  

In

y resembled
ikt worksho
Wildcat (20

h school an
vastly diff

ge. While th
s’ written re
from each 

ferences am
in the same

n HOW YO
s class/work

vided us a

tcomes” (Ta

laboratory, 
ulture and h
indicated th
th culture or

he Tamastlik
items on th

ulture. The 
e workshop

ated with Ch
h traditional 
pplying Sci
p responses
ns to cultu
ion of new

G is the ab
al., 2013).

before nega
onal zeal
compromisi
hension. Ou

nternational R

d the “know
op survey re
009), most l

nd the work
ferent outco
he quantitati
esponses re
course, refl

mong individ
e course an

OUR UNDE
kshop” the f

and how w

amastlikt W

a Yakama 
helped stude
hat nearly ha
r world issu
kt Cultural 
he survey an
courses and
 taught in a
hemistry co
knowledge
ence to real

did not e
re. Only t

w Chemistr

bility to co
By evaluati
tive attitud
often circ

ing or prev
ur SALG da

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

wledge in pi
esponses re
likely based

kshops, the 
omes, beca

tive data pro
evealed muc
flected not o
duals, with

nd between 
ERSTANDI
following re

we can use

Workshop)”. 

elder descr
dents learn S
alf the stude
ues, such as
l Center wo
and describe
d workshop
a cultural se
ontent whil
e and cultur
al world issu
emphasize p
the cultura
ry knowled

ollect evide
ing the reac

des and dim
cumvents s
venting the 
ata on the w

Education 
2327-5499 

4, No. 2 

rothink.org 

ieces” or 
sembled 
d on the 

learning 
ause the 
ovided a 
ch more 
only the 
in those 
courses. 
ING OF 
esponses 

e them” 

ribed the 
Sahaptin 
ents still 
s genetic 
orkshop, 
ed direct 
ps taught 
etting. In 
le in the 
e. In the 
ues. The 
practical 
l center 

dge into 

nce and 
ctions of 
minished 
students’ 

holistic 
workshop 



5. Conc

The SE
non-ma
Americ
correlat
support
similar 
students
conclud
cultural
relevan
and in t

Acknow

We are
Alaska 
courses
acknow
Nichola
CCLI N

Referen

ACS (A

Barnhar
Distanc

Barnhar
in Indig

Burns, 
Engage
ACS W

Cajeta, 
Santa F

Duffy, L
M. (20
Intercha

Duffy, 
Traditio
Science

Hoffma

clusion 

ENCER-SA
ajors, a high
can worksh
ted to the 
ting earlier 

Chemistry
s’ prior kno
ded that, if
l setting. T
ce and an a
turn learning

wledgemen

e grateful to
Fairbanks f

s and the s
wledge the 
as-Figueroa
National Dis

nces 

American Ch

rdt, R. (200
ce. Anthropo

rdt, R., & K
genous Educ

W. D. (20
ement: The 

Washington, 

G. (1999). 
Fe. 

L., Godduh
11). Engag
ange. http://

L., Middle
onal Knowl
es, 6(8), 156

an, T. et al. 

ALG describ
h school wo
op, the gre
pre cours

literature th
y content. A
owledge by
f possible, 
The prior k
appropriate e
g.  

nts 

o the leade
for support
students wh

helpful d
a. This stud
ssemination

hemical Soc

02). Domest
ology and E

Kawagley, A
cation. Cult

010). SENC
SENCER A
D.C. (pp.1-

Native Scie

hn, A., Nich
ging Studen
/dx.doi.org/

camp, C., G
ledge to Im
60-1566. 

(2013). Evi

bed learnin
orkshop and
eatest learn
e claims o
hat prior kn
A textbook 
y presenting
a Chemistr
knowledge 
educational

ership and 
ing the incl
ho invested
discussions 
dy was fund
n Awards DU

ciety) (2014

tication of t
Education Q

A. (2003). C
tural Surviv

CER: Theo
Approach (
-23). 

ence, Natur

holas-Figuer
nts in Scien
/10.1007/s1

Godduhn, A
mprove Eng

dence-Base

60

ng gains in
d a Native A
ning gains 
of topic un
nowledge o

with an E
g topics fro
ry course 
of a chem

l site will co

staff at He
lusion of tr
d their time

with Dr.
ded by the 
UE-045558

4): Chemist

the Ivory To
Quarterly, 33

Culture, Cha
val Quarterl

ory and Pr
Sheardy, R

ral Laws of 

roa, L., Fab
nce Course
0780-011-9

A., & Fabb
agement in

ed Practice

In

n two Univ
American w

in the pos
nderstandin

of content c
Earth Scien
om a more 
should be 
mical conc
ontribute to 

eritage Univ
aditional ec
e and effor
 Cathy M
National S

86, DUE-06

try in Conte

ower: Instit
3(2), 238-24

aos and Com
ly, 27(4), 59

actice In:
R.D., Ed.). A

f Interdepen

bbri, C., Mid
es: Lessons
9151-6 

bri, C. (200
n Science C

(2nd Editio

nternational R

versity chem
workshop. In
st-course su
ng in the p
an increase

nce perspec
rational pe
taught with
ept, the pl
improved s

versity and
cological kn
rt in these 

Middlecamp
Science Fou
32397, and 

xt, McGraw

tutional Ada
49. 

mplexity: C
9-64. 

Science Ed
ACS Sympo

dence. Clea

ddlecamp, C
of Change

9). Using C
Courses. Am

on), Elsevier

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

mistry cou
n all but the
urvey were
pre-course 

e learning g
ctive builds
erspective. W
hin an app
lace-based 
student enga

d the Unive
nowledge in
 courses. W

p and Ms
undation th

d NSF 13567

w Hill Educ

aptation to 

Catalysts for

ducation an
osium Serie

ar Light Pub

C., & van M
e from the

Culture, Po
mer. Journ. 

r.  

Education 
2327-5499 

4, No. 2 

rothink.org 

urses for 
e Native 
e highly 

survey, 
gains for 
s on the 
We also 
propriate 

cultural 
agement 

ersity of 
n STEM 
We also 
. Linda 

hrough a 
766. 

cation.  

Cultural 

Change 

nd Civil 
es 1037, 

blishers, 

Muelken, 
e Arctic. 

licy and 
Applied 



Lowan-
indigen
Science

Lowan-
A brief 

Lowan-
pedagog
652-653

Mazzoc
differen
Viewpo

Medin, 

Middlec
Society
1308-13

Nakash
In Tim
Econom

NAS. (1
Nationa

NAS. (2
in Unde
Science

NAS. 
Researc

Nichola
Middlec
Alaska:

Rich, N
Environ

Sobel, D
Barring

Stephen
Science

Student

-Trudeau, 
nous environ
e Education,

-Trudeau, G
f review. Int

-Trudeau, 
gies: A cur
3. 

cchi, F. (200
nt forms of 
oint 7 (5): 4

D. L., & Ba

camp, C., 
y and Civic 
312. 

hima, D., & 
mmerman P
mic Dimens

1998). Tran
al Academy

2012). Disc
ergraduate S
e Press, Was

(2014). Un
ch Council, 

as-Figueroa
camp, C. (
: Resilience

N. (2011). R
nmental Stu

D. (2004). 
gton, Massac

ns, S. (200
e Consortium

t Assessmen

G. (2012)
nmental scie
, 7, 71-81. h

G. (2013): In
ternational H

G. (2015):
rricula of s

06): Wester
knowledge 
63-466. http

ang, M. (20

Jordan, T.,
Engagemen

Roué, M. (2
P (ed), Enc
ions of Glob

nsforming U
y of Science

cipline-base
Science and
shington, D

ndergraduat
National A

a, L., Barn
2015). Deli

e and Adapta

Restoring Re
udies and Sc

Place-based
chusetts, Th

00). Handb
m and the A

nt of Learni

. Expandin
ence educat
http://dx.doi

ndigenous E
Handbook o

: Contemp
stories and 

rn Science a
can learn f

p://dx.doi.o

014). Who’s

, Schacter, 
nt (part1): U

2002). Indig
cyclopedia 
bal environ

Undergradua
e Press, Was

ed Educatio
d Engineerin
DC. 

te Chemist
Academy of 

nhardt, R.,
ivering Pos
ation. Intern

elationships
cience. Diss

d Education
he Orion So

book for C
Alaska Rura

ing Gains. (2

61

ng the Co
tion theory, 
i.org/10.100

Environmen
of Research

orary Stud
place. Env

and Traditio
from each o
org/10.1038/

s Asking? M

A., Lottrid
Uranium an

genous Kno
of global 

nmental chan

ate Educatio
shington, D

n Research
ng. Nationa

try Educati
Science Pre

Duffy, L
st-secondary
national Re

s: Indigenou
sertation, An

n: Connecti
ociety, 109 p

Culturally R
al Systemic 

2014). Retr

In

onversation
research an

07/s11422-0

ntal Educati
h on Environ

dies in En
vironmenta

onal Knowl
other. EMBO
/sj.embor.74

MIT Press. 

dge, S., &
nd American

owledge, Pe
Environme

nge, 314-32

on in Scienc
C. 

h: Understan
l Research C

ion: A W
ess, Washin

L., Dunlap,
y STEM E
esearch in E

us Ways of 
ntioch Univ

ing Classro
p. 

Responsive 
Initiative, F

rieved from

nternational R

n: Further 
nd practice. 
012-9379-1

on Research
nmental Edu

nvironmenta
l Education

ledge: Desp
O Report. S
400693. 

Oats, K. (
n Indians. J

eoples and S
ental Chan
24. Chichest

ce. National

nding and Im
Council, Na

Workshop S
ngton, DC. 

 K., van 
ducation on

Education, 3

Knowing M
versity. 

ooms and C

Science C
Fairbanks, A

http://www

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

exploratio
Cultural St

1. 

h in North A
ducation, 40

al and Ind
n Research

pite their va
Science and

(2006). Ch
J. Chem. Ed

Sustainable 
nge. 5: Soc
ter, UK: W

l Research C

mproving L
ational Aca

Summary. N

Muelken, 
n the North
3(2), 80-92. 

Meet Underg

Communitie

Curriculum. 
Alaska. 72 p

w.salgsite.or

Education 
2327-5499 

4, No. 2 

rothink.org 

ons into 
tudies of 

America: 
4-408. 

digenous 
h, 21(4), 

ariations, 
d Society 

hemistry, 
duc., 83, 

Practice. 
cial and 
iley. 

Council, 

Learning 
demy of 

National 

M., & 
h Slope, 

graduate 

es. Great 

Alaska 
p. 

rg 



Timber
Prentice

Van Lo
Journ. E

Wildcat
Publish

 

Copyri

Copyrig

This ar
Creativ

lake, K. (2
e Hall Publi

opik, W. (20
Environ. Stu

t, D. (2009
hing, Golden

ight Disclai

ght reserved

rticle is an
e Commons

2006). An 
ishers, New

012). Tradi
udies Sci. h

9). Red Ale
n. 

imer 

d by the auth

n open-acce
s Attribution

Introductio
w York. 

tional Ecol
ttp://dx.doi.

ert! Saving

hors. 

ess article d
n license (h

62

on to Gene

logical Kno
.org/10.100

g the Plane

distributed 
http://creativ

In

eral, Organi

owledge in t
07/s13412-0

et with Ind

under the 
vecommons

nternational R

ic and Bio

the Tribal C
012-0095-7 

digenous Kn

terms and 
s.org/license

Research in E
ISSN 2

2016, Vol. 

http://ire.macr

ological Ch

College Cla

nowledge. F

d conditions
es/by/3.0/). 

Education 
2327-5499 

4, No. 2 

rothink.org 

hemistry. 

assroom. 

Fulcrum 

s of the 


