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Abstract

Background

We test whether traditional ecological knowledge (TEK) athimow to make an item predicts a per-
son’s skill at making it among the Tsimane’ (Bolivia). Théoaale for this research is that the failure
to distinguish between knowledge and skill might accountsfame of the conflicting results about
the relationships between TEK, human health, and econoevielopment.

Methods

We test the association between a commonly-used measuréiitiual knowledge (cultural consen-
sus analysis) about how to make an arrow or a bag and a medsadivalual skill at making these
items, using ordinary least-squares regression. The smsists of 43 participants from 3 villages.

Results

We find no association between our measures of knowledgekilh@cere model,p > 0.5, R? =
.132).

Conclusions

While we cannot rule out the possibility of a real associatietween these phenomena, we interpret
our findings as support for the claim that researchers shtislshguish between methods to measure
knowledge and skill when studying trends in TEK.

Background

Traditional ecological knowledge refers to people’s krentge, practices, and beliefs about the relation-
ships between organisms and their environment [1]. Margarefers are concerned that this knowledge
is being lost and that this loss may have negative consegadochuman health [2]; however, research
on the relationship between TEK and economic developmentdtarned inconsistent results. Some
studies find a negative association between economic gewelat and TEK [3-6], but others find no
association [7-9] or even a positive association [10], diicoshers find that the direction of the associ-
ation depends upon the measures used [11-13].

Studies analyzing the association between TEK and heattited thus far to horticulturalists in the
Bolivian Amazon, show a relatively more consistent positssociation, but the magnitude of the as-
sociation is small. Knowledge of useful plants is assodiatéh nutritional status [14] and with several
indices of children’s health [15], but knowledge of edibledamedicinal plants is not associated with
height (an indicator of health and nutritional status) [16]

A possible explanation for the inconsistencies in thesedsas that much of the previous research on
the associations between TEK and economic development ealthidoes not discriminate between
knowledge and the application of knowledge, such as skitletravior [11,17-19]. For clarity, we refer
to this distinction aknowledgevs. skill. We present arguments from other disciplines identifyimg t
importance of the distinction, and some evidence from TEs¢aech suggesting that the distinction
matters here too. We then present data comparing a commaurees TEK that measures knowledge
to an instrument we designed to measure the skill of appltig knowledge. The purpose of this
comparison is to test the extent to which we can use such mesastiknowledge when we really want
to be measuring the application of the knowledge.



Knowledge and skill

Much of a person’s knowledge cannot be articulated explidiut is rather “contained in the ability to
perform special tasks” [20] (p. 106): it is tacit knowled@d]. Tacit knowledge includes critical skills
like the ability to read people’s faces, or interpret souatlggns in a wood [20]. A large portion of TEK
is undoubtedly tacit knowledge (see [5,11,18,22]).

Various ideas related to the concept of tacit knowledge Heaen articulated, such as Ryle’s differ-
entiation between “knowing-how” and “knowing-that” [23J2and Russell's contrasting of knowledge
by acquaintance and knowledge by description [25]. Antblagists often implicitly recognize the
difference between knowledge and skill acquisition indtah cross-culturally [26]. The epistemolog-
ical validity of these distinctions is debated [27], buffeiientiating between knowledge and skill is of
practical importance in several fields of research.

For example, scholars in nursing education differentig®vben theoretical and practical knowledge
[28] and scholars in knowledge management differentiaterdsen explicit and tacit knowledge [29] and
articulate and inarticulate knowledge [30]. Researchethése disciplines study how to measure skill
because it is important to be able to evaluate someonelgyabilperform a job. Some of their research
suggests that measurement instruments focusing on knga/fed to measure the skill that is actually
needed for employees to perform a job (the skill is tacit).nimsing, for example, performance on
course exams (knowledge) does not necessarily predicrpashce with patients (skill) [31]. Similarly,
familiarity with written procedures about software engirig projects (knowledge) does not predict an
understanding of how to complete those projects succés$skill) [32].

Knowledge and skill in TEK research

The relationship between knowledge and skill is incredgibgcoming a topic of research within TEK
studies (e.g. [33-35]; see [36] for a review of literaturel&te). The distinction between knowledge and
skill may be important for research that seeks to identipndis in TEK (e.g. [11,18]) or to measure its
returns (e.g. [14-16]). The majority of studies investiggttrends in TEK exclusively measure knowl-
edge (e.g. [3,4,6-9,12]); for example, by asking peopléstgplants [4,12] or to identify their names or
uses [3,7,9]. Sometimes, however, measures of knowledgebmappropriate only to the extent that
they approximate people’s use of that knowledge. Honecults in South India may acquire explicit
knowledge about bees and honey collecting at young ageghidldten are not capable of collecting
until they have had time to increase physical stature anctipeaskills like tree-climbing [37]. One
causal explanation offered for the association between @B&tKhealth is that people with more TEK
have greater access to nutritional and medicinal plantsgkeaple with less TEK [14,15]. These studies
use a measure of knowledge and assume that it captures pdmlavior and ability to use that knowl-
edge. The slight magnitude of the associations in theseestunight be due to a difference between
knowledge and skill.

There is some evidence to address the possibility that mesmsiiknowledge and skill capture different
aspects of TEK. Among the Mien in Thailand, for example, pebtpad never used many of the medicinal
plants they know of, and had only used a third within the las fiears at the time of inquiry [5]. In
Madagascar, knowledge of certain uses ofEypsis fibrosgpalm is unrelated to the actual use of the
palm, which is predicted by other factors, such as villageesfdence, and many known uses were not
employed by anyone reporting them [11]. One study finds thetasssociation between knowledge of
plants and the use of these plants depends on the ecosysterwhich the plants were derived: people
used plants they knew about from the forest more than thefralal other environments [22].

In two Tsimane’ villages in the Bolivian Amazon, greater Wwiedge of plant uses predicts greater use
of plants in the more remote village, but this relationshigagpears in the village closer to an urban



center [17]. Another study with the Tsimane’ compares sdvereasures of knowledge, including
agreement with experts about plant uses and knowledge alfégology, to measures of use, including
average plants used and total plants used and total spegdsfinding that measures of use were only
weakly correlated with measures of knowledge [19]. Furtiesearch among the Tsimane’ compares
individuals’ knowledge about plant uses (knowledge) tdrtBelf-reported ability to produce certain
items (skill). The two measures are only weakly correlatet] they interact differently with measures
of economic development [13].

These findings are consistent with the possibility thatalraay be a difference between measures of
knowledge and of skill. Here, we build on this body of reshag refining the measures of knowledge
and skill in order to provide a more direct test of the relasioip.

Methods
The estimation strategy

To test the relationship between knowledge and skill, we mame how much people know about the
production of a fishing arrow (for men) or a carrying bag (fazmaen) to their skill at crafting these

items among the Tsimane’, an indigenous Amazonian group lfséow). Previous research in TEK
comparing knowledge to skill has used knowledge about the akrandomly selected plants to predict
an ability to produce items [13]. Here we use a measure of ladye that is more directly associated
with the relevant skill: knowledge of facts about how to prod an item, which we measure by how
much an individual agrees with everyone else over a seriegmestions about the production of the
item. Our measure is comparable to those used in other TE}este.g. [10,38-43]. To measure skill,
we asked participants to evaluate the quality of tradifignaoduced items. This measure differs from
previous research, which measures skill by self-repoiftldg or by behavior [11].

We fit three models to the data using ordinary least squareS)@egression analysis. Each model
predicts skill as a function of knowledge, controlling favariates. We used the following as our core
model:

Sivs = Bo + B1Kivs + BoAivs + B3Divs + €ivs

whereS;,s is the skill at producing an item of persaérirom village v and sexs, K;,; is the person’s
knowledge of how to produce the item,,; is the age of the iteml);,, is a set of dummy variables for
a person’s sex and village, aag is a normally distributed error term. If the measures of kisolge
and skills are associated, thénshould be positive and statistically significant.

In the core model{ = 43) we include interaction terms for knowledge by sex and blagé because
measures of TEK often vary according to sex [9] and villageesfdence [6,40]. We also fit a second
model (@ = 43) excluding these interactions, and a third model excludlimgnteractions and including
women only ¢ = 28), because the low variation in the men’s knowledge scoreg infaience the
results.

Study location and sample

The Tsimane’ are a horticulturalist and foraging society-8000 people+{100 villages) in the Bolivian
Amazon. Tsimane’ traditional subsistence focused on hgntiishing, and horticulture [44]. Over
the last several decades, the Tsimane’ have been expadeagrocess of integration to the market
economy that has led them to adopt other economic activiiesh as cash crop agriculture, logging,
and wage labor [45]. For the last 15 years, the Tsimane’ haga the subjects of a panel study focusing
on how integration to the market economy affects their entos, health, and traditional ecological



knowledge [8,15,45]. Ethnographic descriptions of therisie’ can also be found in recent books and
dissertations [40,46].

We collected data in three villages near the town of San Bdgpartment of Beni (Bolivia), from June
to August 2008. These villages were spread through a cantiraf integration to the market economy,
defined by material possessions purchased from town, wedhldncy in Spanish, and several other
criteria [45]. A strong predictor of these variables is asc® the market town [47], and we selected
the three villages for inclusion in the study accordingBeldng to maximize the variation in economic
integration in order to most accurately represent the @ijfmul. One village was a few hours’ travel by
car from San Borja, and thus accessible via minibus, whiahorua regular schedule. This village was
the most economically integrated. The second village wasrakhours’ travel upriver by canoe with
an outboard motor, and as (at the time of research) most fisinl@ve access only to canoes without
motors, this commute would typically take an entire day dbtnip. This village still had regular access
to San Borja, but much less frequently. The final village was\geral-hour commute by truck down a
logging access road. This village had restricted accesamoB®rja as the only means of commuting
consisted of infrequent logging trucks willing to take paE®gers, and so was the least economically
integrated.

Eligible participants consisted of all adults 18 years of age) who self-identified as household heads. A
typical house consisted of a male and female household tresadchildren, and sometimes their parents
(usually when these parents were old enough to require,md)so most houses had two household
heads. In each village, all houses were contacted. The statiyded a total sample size of 43 people:
15 males and 28 females. This discrepancy arose because nimo$t economically-integrated village,
many men had largely abandoned the use of bows and arrovisirpre rifles and fishing rods. There
were too few arrows available to obtain a representativeptamf the village, and those that were
available tended to be old and frequently in disrepair. Véegfore excluded the males from the sample
in this village.

Selection of items

We selected items for inclusion in the study and developexbtipnnaires on the construction of these
items. Each participant in the study was given one of the finaktionnaires (to measure knowledge)
and had her or his item ranked by peers (to measure skill).

To select items for the study, we first used interviews aneagions to construct a full inventory of
plant-made household items. The list contained 15 itemdymed by both men and women. We then
narrowed the items in the inventory according to the follayvcriteria:

ubiquitous distribution (broadly used)
variation in craftsmanship
crafted by a single individual

important practical function

a o w0 bdpPF

feasibility of borrowing the item for several days

Because Tsimane’ men and women typically craft differemii from plants, we selected two sex-
specific items: fishing arrows for men and hand-woven cagriags for women.



The knowledge variable

Knowledge, defined by information about the production afifband arrows (men) and the production
of traditionally woven bags (women), was measured usingomses to a questionnaire on how the
item is produced. To construct the questionnaire, we firatlnoted open-ended interviews with key
informants, identified by the community as especially kremigieable about either bows and arrows or
bags. We used the information from open-ended intervieweterate a list of dichotomous (true/false)
questions. Questions were pre-tested for comprehenspbfoamariation in answers.

The arrow questionnaire contained questions about whe#r&in species of plants or birds (for feath-
ers) could be used at particular stages in the process dirgesn arrow or a bow. For arrows this
included wood for the shaft, feathers for the fletching, fldo make the string used to attach the fletch-
ing to the shaft (arrow), and plants to dye the fletching amddiiing various colors. For bows the
questionnaire included wood for the bow and plants for thagst Different types of bows and arrows
are used to hunt different game; for example, to shoot fishbusls, which allowed for various per-
mutations of these questions. This questionnaire ultiipatentained 16 questions. The carrying bag
questionnaire contained questions about whether eaclylof piants could be used to create a dye of
each of four colors (all bags used colored thread). Somesoémuired mixing multiple plants, and
several could be obtained at least two different ways (ugng two distinct but possibly overlapping
sets of plants). This questionnaire ultimately contain2dj@estions.

Ideally, the questionnaires would have been the same Iehgthever, there were roughly double the
number of plants involved in the manufacture of dyes as thvene in the construction of bows and

arrows. We considered three alternative methods: (1) KHeejguestionnaires as they were, (2) elimi-
nate 16 of the questions from the women’s questionnaire3)oadd additional questions to the men'’s
guestionnaire. Option (2) would have reduced the volumeatd,dvhich was already smaller than ideal
(see power analysis in the results section). Option (3) vhale required the addition of questions that
were not of the form “can this plant be used for . .. ", diffgrifiom the 48 existing questions, and could
thus have introduced further bias. For these reasons we ¢bgsoceed with option (1).

The skill variable

Skill is defined here as the ability to make a useful item anchéasured by the quality of an item
produced by a participant, as judged by his or her peers.ichpants were asked to lend their best
fishing arrow (men) or their best hand-woven bag (women). s&hems were grouped into sets by
type of item and village; for example, all of the arrows froitlage A form a set, as do all of the bags
from village A. We asked all male participants in a village to rank all agawa set against each other
item, and all female participants to rank all woven bags ieta Sherefore, each male participant who
provided an arrow ranked all the arrows from his village aadhefemale who provided a bag ranked
all the bags from her village. This approach limited the namdif items to be ranked together to a
maximum of 10, the upper limit for ranking tasks [48,49]. o ranking exercise, we took individuals
one at a time and presented them with all of the items in tleinde asked them to choose the best one
and recorded the answer. Then the best item was removed fir@iset and the process was repeated
with the remaining items until only one item remained (thestdtem). Men were asked to choose the
best arrow to shoot a fish in the river and women were askeddosehthe most well crafted bag. To
assess the possibility of personal bias, during pretestsgsked if individuals could identify the maker
of a subset of the arrows or bags; no one was able to do so.



Data analysis

We constructed a measure of knowledge by analyzing respdadbe true/false questionnaires using
cultural consensus analysis, hereafter CCA[50,51]. Thadydical tool is used across the social sciences
[52], including TEK research [10,38-43]. CCA works by oloiag a principle axis factoring on person-
by-person matrices of responses to a systematic questienonalculating the extent to which variation
in responses across people can be reduced to a single fat®ioadings on the first factor indicate
individual knowledge; these loadings are termed “compmtestores” in the model; we use these values
as ourknowledgevariable. When a respondent did not know the answer to aiguest randomly
generated value was inserted with a probability.fofor yes and.5 for no (following [52]). Each
guestionnaire was analyzed using the formal consensuslifa@jén the ANTHROPAC software [53].

We use standard diagnostics to evaluate the goodnessaffite cultural consensus model to the
data [52]. To validate the assumption that there is only ea@®correct answers, the first and second
eigenvalues can be compared. The ratio of the first to sedgedwalue is a measure of the dimension-
ality of the data; the higher the ratio, the more likely ithatthere is only a single pattern (a single set of
answers) to the responses. The ratio of the first to the sezigedvalue was 18.46 for the arrow ques-
tionnaire and 7.69 for the bag questionnaire, above theertimnal threshold of 3:1 used to determine
whether consensus exists. A second indicator of the gosefe#t of the model to the data is the range
and magnitude of the competence scores (first-factor IgajlirCompetence scores fall between 0 and
1 and the mean should ideally be above .5, indicating thatlpeactually agree about the answers. The
mean competence score in our data was .71 for women and .8@efo(Table 1), indicating that there
was consensus. Third, to avoid spurious patterns, therddsbe no more than 10% missing values. In
our data, missing values occurred when informants did notkine answer, and account for 6.5% of
the data. Fourth, to ensure that there is enough variatitimeinlata, the balance of positive to negative
responses in a dichotomous questionnaire should fall leetv@@% and 70%. Once we exclude the
missing values from our data, 91% of the responses to arrestigmnaire and 30% of the responses to
the bag questionnaire were positive. Therefore, the ratithie arrow questionnaire falls outside of the
ideal range. It is not clear what effect this bias has on thelte of CCA [52].

Table 1 Diagnostics and summary statistics for cultural cosensus analysis (CCA) results

Questionnaire Sample Missing  Positive A1/A2 Mean Range
size values responses competenced]

Arrow (men) 15 0.9% 91.1% 12.34/0.67 = 18.46 .90 (.12) .59-.99

Bag (women) 28 9.3% 30.0% 15.23/1.98 = 7.69 .71 (.22) .29-.96

Missing valuess the percentage of the responses for which participardignee to respond the questiopgsitive Responses
is the percentage of all responses that were affirmativeg@stions dichotomous) /A2 is the ratio of the first to second
eigenvalues of the CCA analysis.

The knowledge variable is the combination of competencessdor men and for women, with a com-
bined meangd) of .77 (.21) and a range from .29 to .99. As is typical for cetepce scores, the
values are not normally distributed (Shapiro-Wilk test ofmality, W = .895, p = .0009). Power- and
log-transformations did not produce a normal distribution

To allow comparisons across sets of different sample sikeskill variable was generated by dividing
the mean rank of each item by the number of items in its set abtlagting this value from one. This
transformation produced values with range from 0 (all pgréints ranked the item as worst) to .9 (all
participants ranked the item as best).

To check for meaningful variation in the skill variable,nte’ ranks were compared by obtaining a one-
way ANOVA on each set of items followed by post-hoc comparisbetween each pair of items using



Bonferroni's method (withy = .005 to correct for multiple comparisons). Each ANOVA was sigrafit
atp < .00001 (Table 2) and post-hoc Bonferroni comparisons resulted/nto four groups per set at
p < .005 (to correct for multiple comparisons, results not showrje Ekill variable, transformed from
the item rankings, was normally distributed (Shapiro-Wilkrmality test,W = .9730, p > .4) with
mean §d) of .44 (.22), and range from .03 to .89 (Table 2).

Table 2 Summary statistics for the skill variable

Group dfi1, dfs F p (two-tailed) Mean skill (sd) Range
Village a, Bags 9,90 21.39 < .0001 A45(.25) .03-.89
Village b, Bags 9,90 8.74 < .0001 A45(.21) .12-.85
Village b, Arrows 7,56 6.07 < .0001 A44(.20) .17-.70
Village c, Bags 7,56 16.72 < .0001 44(.25) A3-.72
Village c, Arrows 6, 42 7.21 < .0001 A43(.22) .14-.69

One-way ANOVA results comparing the ranks assigned to it@vith summary statisticsSkill is defined to be the transformed
mean rank for each item, and includes standard deviation.

In summary, analyses to test the validity of our measurewstidhat our knowledge variable met all
of the assumptions of CCA and passed all diagnostic tesepefor balance of answers: 91% of the
responses to the arrow questionnaire were positive, whithdutside of the ideal 30-70% range. Addi-
tionally, the knowledge variable was not normally disttémi The skill variable represents statistically
meaningful variation in quality of items and is normallytdisuted.

Ethical approval

This research was approved by the Institutional Review &oaf the University of Florida (#2008-U-
650) and Brandeis University (#04217).

Results

Testing the model

Knowledge is not significantly associated with skill in arfytke models (Table 3), and none of the
models is significant (model 1 36 = .91, p > .5; model 2: F5 37 = 1.17,p > .3; model 3: F o3 =

1.27,p > .3). Therefore, none of our variables predicts skill, and #ikife of knowledge to do so is
not due to the presence of a covariate.

Table 3 Multivariate OLS regressions of skill (outcome varable) against knowledge

Model 1 Model 2 Model 3
Explanatory Variable I} P 15} P I} P
Knowledge —.273 574 —.276 .225 —.287 .286
Sex —.024 .961 —.038 .666 - -
ltem age —.005 .090 —.004 .108 —.004 137
Knowledge*Sex —.018 974 - - - -
Knowledge*Village .028 .906 h - - -
N 43 43 28
R? 132 137 181

Regressions contain a constant and a set of binary varidrlesllage (not shown).3 is the regression coefficient,is the
p-value. "Variable excluded from analysis.



Robustness

We tested the robustness of our statistical analysis andrainodels in several ways. First, we tested
the assumptions of OLS regression analysis by performamgsird diagnostic tests and by substituting
an alternate knowledge variable in an instance where amgsiun is violated. Then, we substituted
alternatives to several variables to test for methodoldimses. None of the changes we made affected
the direction, magnitude, or significance of the assoaiationless stated, all tests are conducted on
model 2.

Robustness of statistical analyses

First, we tested three standard assumptions of regressaipsés: (1) homoskedasticity (by obtaining
a Breusch-Pagan / Cook-Weisberg test for heteroskedgkti(2) independence of errors (by obtaining
variance inflation factors for each predictor variable)X] §8) normal distribution of errors (by plotting
residual vs. predicted values and by obtaining influencessts for each value). Results from these
tests indicated that the assumptions were not violated.

Second, because the knowledge variable was not normatiybdied, we substituted a dichotomized
variable for the knowledge variable in model 2. Dichotomigvariables results in a loss of information,
but relaxes the normality assumption. The dichotomizedba took a value of 0 foK50th percentile
and a 1 for>50th percentile of the knowledge score. The substitutichndit change the magnitude,
direction, or statistical significance of the results.

Third, we calculated the sample size required to identifigaiBcant association, given the number of
parameters and the correlation coefficient from the regme$54,55]. For model 2, with Type | error
ratea = .05 and Type Il error ratgg = .2, the calculated sample size should be 87, indicating tleaeth
is an increased risk of Type Il error (failing to find an asation when one really exists). Therefore,
we calculated the power of the regression, a measure of fliy alb the regression analysis to detect
real associations [54,55]. For model 2 the power is .43, &@ow the conventional threshold of .8.
This confirms that the regression analysis is more likely igsra real association than is conventionally
accepted. Lastly, we obtained a scatterplot of skill vs.wdedge by sex and village (Figure 1) to look
for obvious linear or non-linear patterns; none is apparent

Figure 1 Individuals’ skill vs. knowledge. Legend indicates village (number) and gender (Fe-
male/Male).

Robustness of the models

We made all justifiable adjustments, substitutions, angsfamations to challenge the results. First,
because knowledge varies by sex and village, it is posdiblethe knowledge variable used here should
be measured by how much a person agrees with informants Freimvillage or with the entire sample,
instead of how much they agree with informants from their @ax We substituted knowledge variables
measuring (a) agreement with own village and (b) agreemghtke entire sample, instead of with own
sex. This was accomplished by applying the CCA proceduréfereint subsets of responses: (a) each
village separately and (b) the entire sample (all participéook the male and female questionnaire).

Second, our measure of knowledge is based on agreementdpeitwdviduals. A common alternative

to this is to count the number of plants/birds identified asfulg5,11]. In our questionnaire, a positive
response indicates that the particular species of birdamtjglan be used for a certain task, and a negative
response that the species cannot. Therefore, we subdtiheenumber of species that each respondent
said was useful for the knowledge variable.



Lastly, because skill for females depends upon the matesed to make the bag (two-sampheest,
df = 26,t = 2.53, p = .0179), we fit model 3 with an additional binary variable for ma#r0 =
contains wool,l = does not contain wool).

Discussion

We found no statistically significant association betweanreasures of knowledge and skill. There
are several possible interpretations of this result, wkalhunder two categories: it is possible (1) that
knowledge and skill are actually distinct, conceptuallg/an methodologically, and it is possible (2) that
the data are inadequate, because of a small sample size arappropriate variables. We discuss the
rationale for, and implications of, these potential exptions. While we cannot exclude the possibility
of a real association between knowledge and skill, it isrdleat our two methods do not measure the
same thing, and we argue that this finding is applicable teraitudies in TEK. We conclude that, for

research on trends in TEK or its returns, the choice of a ntetbaneasure TEK should be justified

against the alternative methods available. This justiicashould include explicit a priori reasons to

expect an association between the TEK variable and its hgpited covariates.

Knowledge and skill may be different

We measured how much people know about how to make an itemamdgbod they were at making
the same item. We did not find any association between the &niables. One interpretation of this
result is that measures of knowledge and skill in TEK redeanay not measure the same thing. We
designed our measures of knowledge and skill in an attempasdmize the association between them;
nevertheless, there are very good reasons to expect tisat tilve measures ought not to be associated,
as discussed in the limitations section below. For exanipiecharacterstics used to judge the quality
of an item appeared to have nothing to do (at least not digestith the species used to construct the
item. It is therefore possible that we are measuring twecedkffit areas of knowledge, as opposed to
contrasting measures of knowledge and skill pertainindiéosame underlying core of knowledge. It
could thus very well be the case that in this work, we were akest to expect our two measures to
be related in the first place. All the more reason to make s@ean measuring what we want to be
measuring! The conclusion we draw from the lack of assamiabietween our measures of knowledge
and of skill is that measuring different aspects of TEK caomedifferent results.

This conclusion is consistent with several TEK studies figdhat measures of knowledge and skill or
behavior are not necessarily associated [5,11,17,22idueresearch with the Tsimane’, however, has
found that measures of knowledge and measures of selftegpskill are positively associated, though
weakly [13,19]. The approach to measuring knowledge inelstsdies is the same that is used here
(CCA on plant uses), but the measure of skill is differenfjrael instead as self-reported ability to
make several items from plants.

While the evidence here and elsewhere does not conclusshely that measures of knowledge and
skill are different, we find little support for the hypotheghat these measures are interchangeable.
We conclude that TEK researchers motivated by a concernatiass of TEK could have negative
consequences for people’s health or economic situatioryswaat to consider using measures of skill
in addition to knowledge; at the very least, it ought not ledase that meaures of knowledge (by which
we mean measures similar to the knowledge variable used aeraghede factomethods of choice.
There are many cases in which it is valid to measure knowlegige rather than claim otherwise, we
argue only that such a choice ought to be validated throughfidaconsideration of what we want to
measure and why we wish to do so.



Limitations

We cannot rule out the possibility that, because of the ssligcussed below, our analysis failed to
identify a real association between knowledge and skillwelger, even if more data were to reveal the
existence of an association, it appears that it would bétsigmagnitude: no obvious pattern presents
itself in the scatter plot of knowledge and skill (Figure Ir).fact, to get a positive association, further
data would have to reverse an apparently negative trénd £.2757 for model 2, Table 3).

Our test deviates from ideal conditions in three ways. Fitat sample size is smallen (= 43) than
the estimated minimurm(= 87) given the correlation coefficient. This results in a highesbability

of a Type Il error, where a real association is missed. Sedbedknowledge variable does not follow
a normal distribution (regardless of log and power tramafdions), which violates an assumption of
OLS regression. Third, the responses to the arrow questin(males) fall outside of the ideal range
of the ratio of positive to negative responses. The effetthis on the results of CCA are unknown
[52]; however, the resulting competence scores for menwladge variable) had low variation and
were right-skewed (mean .90, sd= .12), which is not ideal for regression analysis. For this reaso
we included model 3, which excludes men from the analysmudh the sample size is even smaller
(n = 28). We note that all questions generated variation in ansdrisag pretesting, suggesting that
the pretest sample was not representative.

There are two potential sources of problems with our knogdedariable: the method itself and our
application of it. We used CCA to derive the knowledge vddala critical assumption of CCA is that
greater agreement with everyone else in the sample is adstintaean greater knowledge about the
topic [50,52]. In other words, there is a cultural model fratmich people draw, and the extent to which
people agree with each other reflects the extent to whichdhey from this model. This assumption
has been challenged [56,57]; sometimes people draw frortipleuinodels [43,58,59], even when the
CCA goodness-of-fit diagnostics indicate a single mode]. [6@is can be a problem for TEK research,
for example, in situations where experts have a monopolypecialized knowledge [43]. However,
CCA is commonly used in TEK research [10,38-43], as are séwather indices based on agreement
(e.g. [61,62]). Any method that bases measures of knowledgegreement, whether this is agreement
with other individuals in the sample, with experts, or withh @answer key, may be susceptible to a
general form of this issue: we are assuming the existencandfaccess to, the “right” answers. This
is an unresolved issue in cognitive anthropology in the mid©ngoing debate, and we introduce it
only as a potential explanation for our results. We consilisrcontroversy to further substantiate our
conclusion that the choice of method to measure TEK must lweroarefully.

It is also possible that the content of our questionnairessdmmt measure the relevant information:
maybe knowledge about how to make these items is associdtiedhe skill of making them, and our
questions do not capture that knowledge. To develop thetiquesires, we asked several people to
describe the process of creating bows, arrows, and bags;harsg questions about steps where there
were discrepancies between people’s descriptions. Eatiesé questions asks which materials can
be used at a specific step in the process. It may be that thetempwariation in knowledge about
making these items lies elsewhere (e.g., knowing the arfglargature of the bow, the speed at which
cotton must be spun, etc.). However, we chose our questiohe tomparable to those used in other
TEK research. The majority of studies measuring knowledgmiiuses of plants do so using yes/no
questions asking whether a particular plant can be usedofoe gurpose (e.g. [5,8,61]). This is an
entirely reasonable and common sense approach, but wecstitht know if our measure of knowledge
captured the relevant knowledge and we cannot test this Bamee our method is comparable to other
studies using CCA [10,38-43] and other agreement-basecem{b1,62] to measure TEK, we maintain
that our findings are relevant.



We developed separate indices of knowledge and skill for amehwomen, so it is possible that these
measures are not comparable and that they should not be reedhibi an analysis together. This is the
consequence of accounting for the difference in TEK betvgesders [9,11,12,63-66].

Because our specific approach to measuring skill is novetamaot compare its performance to previ-
ous applications. In conversations with participants, worimdicated that they judged the bags by the
quality of the pattern (tighter and more intricate weavesawmnsidered better quality), and men indi-
cated that they judged the quality of an arrow primarily by ditraightness of the shaft and the balance
of weight. The skill variable would be more reliable if we hsystematic data on the criteria people
used to rank items - do they all use the same criteria? It mdkidighese criteria are inseparable from
each other and from the act of ranking, similar to the Gestifdict, which maintains that the identi-
fication of an image or object is an instantaneous perceptiancannot be reduced to the constituent
components [67].

Also, we do not know if a higher-ranked item is actually mowadtional. Furthermore, it may be
inappropriate to use the different measures of skill for mu@thwomen in the same analysis (as discussed
in the knowledge section above). The advantage of our skilable is that it ought to be more closely
related to our knowledge variable than alternative methsdsh as frequency of use or self-reported
ability to produce an item.

Conclusion

In this study we compared a measure of knowledge to one df Sk found no association between
these measures. Can we conclude that knowledge and sldiéeingtely distinct in TEK? No, absolutely
not. We cannot even conclude with reasonable confidencethapecific measuresf knowledge and
skill are distinct, in light of the numerous limitations afilostudy. While we could have done better in
retrospect, many of these limitations come with the tenyjttiterally. What we can conclude, however,
is that we have certainly not found any support for the cldiat these measures are interchangeable.
No one has claimed explicitly that they are, but a very specifiss of methods (multiple choice ques-
tionnaires about plant uses or identitification) is used poritg of the time to measure TEK, sometimes
in cases in which the variable of interest can reasonablyeberibed as a person’s ability to use natural
resources productively. We argue that sometimes, it mighthbre appropriate to try to measure this
ability more directly, especially in light of the inconssit results that some of these studies return.

The principal message we wish to communicate is perhapdloestated through a thought experiment:
we could very well have chosen just one of the two measuresse lnere and justified this choice; had
we chosen the measure of knowledge, we would be in good comptaving done so, we could then
have measured some developmental, economic or healtedelariable and looked for an association.
Supposing we found such an association, we could then hapleydel a series of arguments explaining
why this result was reasonable. Now, had we chosen the othasume, we could have done everything
else exactly as above only to find that theses noassociation. We could then have deployed a different
series of arguments explaining why we thoubts result was reasonable. In both cases the arguments
could be completely valid: the variables we seek to opamative are manifestly multifaceted, their
complex heterogeneity precluding a simple definition. B@meple, it is very well possible that certain
aspects of development are associated positively witlaicesispects of TEK, while others are not; as
we have seen, in fact, there is a precedent for this amongdineafie’ [13,17].

If we could be confident that any reasonably-well justifiedamee of TEK could substitute for any
other, then the preceding hypothetical situation wouldfa@aconcern. Of course, no one would think
a statement as general as this could be true, but it is frélgube case that we measure knowledge when
what we are worried about is people not knowing how to get W&t need from natural resources. We



tried our best to build two different measures of two pothtidifferent domains (knowledge and skill)
that stood as good as chance as we could give them of beinglated, and we found no evidence
that they were. We view our particular result here to be arotiece in a growing body of literature
[5,11,13,17,19,22,37] suggesting that the details of hod/\ehy TEK is measured are of the utmost
importance. There are many choices to be made; these clabioak] be justified against alternatives,
and this justification should include expli@tpriori reasons to expect an association between the TEK
variable and its hypothesized covariates.
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