


a contrIbution would thIs make to overall system

productIvity?

c. Does the problem lead to significant yIeld losses, or

significant underutllization of resources? This Is a

Judgement that may be difficult to make In some cases,

especially for those problems that require exploratory

experimentation. In addItion, a problem responsible

for significant yield loss will not be a priority for

on-farm experiments If no acceptable solution exists.

But this Judgement will be made In Steps V and VI. The

purpose of the present step Is simply to see If certain

problems might be assigned lower priority, or be

eliminated from consideration, because they represent

minor losses In production or resource efflcleny.

An example of how these criteria might be used Is given

on the following page:
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III. Identify the Causes of the Problem

Causes should be sought for each problem that has been

Identified and supported with enough evidence In Step I, and

that has a high enough priority to pass Step II. For some

problems, the causes may be obvious, while for others more

information must be obtained.

A word should be said about causality. Causality is a

subject that has given scientists a great deal of

difficulty, and It will not be discussed in any depth here.

The obJ ect I n Step I II Iss imp 1y to deve lop enough

Information related to a particular problem so that

appropriate solutions can be Identified. Lack of care in

defining the causes of a problem may limit the chances of

Identifying reasonable solutions.

On the other hand, it is not necessary to go to

extremes in looking for causes. For example, the crop may

be at risk of drought when planted late, and that late

planting is In turn caused by a shortage of tractors. This

is probably enough information, and researchers would not

want to start examining data on tractor imports, for

Instance. Similarly, If there Is evidence that the crop Is

damaged by a particular foliar insect, It is not worth

detailing the insect's physiology to explain exactly how It

does Its damage. But researchers do want to ask If the

occurrence of the insect Is associated with a particular

rotation, time of planting, or other possible contributing

cause that would help them consider alternative solutions to

the problem. The rule is that only enough Information

regarding causal ity should be developed to help researchers

think of practical solutions to the problem.

There

considered

are some additional

when outlining the

22
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IncludIng: the possibility of multiple causes; the fact

that one problem may be related to another problem; the

possibility that many causes that are Initially proposed are

only hypotheses; and the use of "non-practices" as causes.

When thinking about problems and causes, It Is

sometimes useful to place problems In boxes I and causes

In E0 and draw arrows from causes to prob 1ems.~:

Multiple causes

Sometimes It may be necessary to look at a chain of causes,

that Is, to Identify the cause of the cause. For example,

if low plant populatIon is a problem, It may be that poor

seed bed preparation Is the explanation. But the poor seed

bed may be caused In turn by excess rain at planting time.

If diagrammed, It would look 1 Ike this:

Excess rain at
planting time

Poor seed bed
preparation

Low plant
population

At times, the chains may get Quite long as In the case of a

maize disease associated with late planting. The late

planting is due to a farmer practice of staggering maize

plantings and this In turn Is due to an attempt to lower the

risk of losing a sole planting to drought:

Farmers stagger
maize plantings

Maize
affected
by disease

This system of diagramming Is described In P. Delp et
a1., Systems Tools for Project Planning, PASITAM,
Indiana University, 1977.
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The re Isal so the poss I b I 1 I ty of more than one cause

associated with a single problem.

Local variety
Is very tall

High losses
from lodging

So I 1s are low
In phosphorus

It should be clear that the causes listed are not

necessarIly the~ causes of the problem.

Problems and causes

SometImes two problems are related to each other. In this

case, it Is Important to specIfy how one problem contrIbutes

to the other one:

Weed competItIon

Poor growth
due to N & P
defIciency

Uncertainty about causes

Many tImes the causes of a problem are not immediately

ev rdent. Poss Ib 1e causes shou 1d be 1 Isted, and data

gatherIng techniques should be identified to verIfy these

24



causes. I n a d Iag ram, unce rta Int y about a cause can be

Indicated with a questIon mark(?).

5011 fungus

So I 1Poor seedbed

Poor emergence
leading to uneven
stand, low yIeld

Cold, wet soil
at planting

Heavy rains
at plantIng

/I Non-practices" as causes

It Is sometImes useful to help explain a partIcular problem

by document Ing the fact that the farmer does not do

somethIng (e.g. apply fertilizer). ThIs helps to define why

a problem exists, although fertilIzer (In this case) Is not

necessarily the best (or the only) solution to the nutrient

defIcIency.

Heavy raInfall
1eaches so I 1

Nitrogen defIciency
In maIze

No fertIlIzer
is applIed

Fertilizer
not avaIlable

25



But researchers should not go to the opposite extreme and,

for example, explain a partIcular weed problem by using a

specIfIc solution as a cause: For example, "There Is a weed

problem because the farmer does not apply 2,40 herbicide to

the crop"!

For each well-IdentIfIed problem from Step I, that has

passed through Step II, a lIst of causes and, If necessary,

further evidence requIred, should be made.
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III. Identify the Causes of the Problem. ~. List Causes
(Sample Worksheet)

Problem Causes Further evIdence
regul red

t.JV~~ a)Jt~~f/ JV'0Ilb
t/i/wIu:ab ~t&~ab

~amI
6)~ raU;/ldI~
.rod

2.~~f/ a)g-~~4-6 ~
~~ .red,Per Aofe, or- ~~

6)g-~~~ ~~

~1!fbrid.red ~~
amI~~f/
~. ami/or-Jdd
~

cJ. JodnzaUztaUl&~ a)g-~ «Adto-~ JV'0Ilb
ft-~~#o- ~ ab t/uu; tUrte; bub
Iuuve.rt:; bub no-~ t& UMea~ beamze, too-

#zmed ~amI
6)g-~ Anow- f/no-

otAu-~ft- tk&~



-'H. Identify the Causes of the Problem. B. Dia9ram~ Causes

(Sample Worksheet)

1.

cJ.
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IV. Diagram Interrelationships among the Problems and their
Causes

As a further aid In selecting priority problems for

research, and to help consider what problems might best be

treated In the same experiment, It Is useful to diagram the

Interrelationships among the problems and causes Identified

In the previous steps. The diagram may also Include any

other problems (from Step I) for which there Is not yet

suff I c lent ev Idence wh Ich researche rs fee 1 It wou 1d be

helpful to consider.

Examining Interactions allows researchers to think more

carefully about priority problems. If, for example, weed

competition and nitrogen deficiency are both problems, but

there Is evidence that the weed competition Is a significant

cause of the nitrogen deficiency it may be advisable to put

r e 1a t Ivel y mo reresea r c h e f for tintore sol v I ng the we e d

problem rather than the nitrogen deficiency.

Diagraming of Interrelationships is also useful for

thinking about possIble solutions (Step V), and can also be

referred to In designing experiments. Specifying

I nte ract Ions allows resea rche rs to dec I de what p rob 1ems

might best be examined in the same experiment, and how to

most efficiently distribute experimental variables over

various types of experiments. Exploratory experiments, for

example, often Include three of four factors with a high

probability of Interaction.

If there are many problems, this type of diagram can

get qu I te comp 1ex and may requ I re seve ra 1 drafts. There

will be no single "correct" diagram; the diagram Is simply a

tool for thinking more carefully about the interactions

among causes and problems identified In previous steps.
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- - ---- --_. - .~--- -- --

IV. Diagram Interrelationships Among the Problems and Causes
_-__.~__ u (Sampl e Worksheet) - ~

I

erop-~ I erop-~

~ 1+-----lI'weed

~ I~
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IV. Diagram Interrelationships Among the Problems and Causes
--- __~__ u (Sample Worksheet) --~--

I

erop-~ I erop-~

~ 1+-----lI'meed

~ I~
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(Sample Worksheet 2)*

* Source: ~A diagnostic survey on wheat in the Altos Jal isco
~CIMMYT Wheat Training Working Report, 1985.
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V. List Possible Solutions to the Problems

The next step Is to list possible solutions for the

problems that have 1) sufficient evidence of their

Importance~ and 2) an Identification of their causes. Thus

the only problems that will be considered In this section

are those that have cleared both Step I and Step II with

"none" In the "More evidence required" column. (Remember

that for problems that do not yet have sufficient evidence

regarding their Importance or causes~ more data collection

will be required before considering solutions.)

The list of possible solutions for each problem should

be broad. Researchers should consider various possibilities

for attacking the problem. These possible solutions will

then be screened In Step VI. The solutions that are listed

should be Inputs~ varleties~ or techniques. They should be

specified as clearly as possible (e.g. type of herblclde)~

but exact dosage or levels will be determined as part of

experimental design. It wi 11 of course happen that

solutions to some problems will have already been tested In

the previous years' experiments and the evidence will be

sufficient to place these In verification trials without

considering alternative solutions.

In the majority of cases~ the causes of the problems

must be ta ken Into accout when search I ng fo r so 1ut Ions.

Consider the following case:

Lack equlpmentJ------....,Maize planted J----+l
late

Yield loss
due to disease

In the exampl e above~ the probl em Is d Isease~ and one

possible solution Is resistant varieties. But an Important

cause of the disease problem Is the fact that much of the

maize is planted late. Thus another possible solution would
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be to plant earlier. The diagram shows that there Is an

equipment shortage so, In the short run, better use of this

type of equipment probably does not represent a possible

solutIon. There may, however, be other alternatives for

getting the crop planted earlier.

If lt turns out that late planting Is a cause of other

problems as well, then considering solutions to the disease

problem In terms of date of planting takes on Increased

Importance. In the case below, a change In plantIng

techniques may help alleviate the weed problem as well.

MaIze planted
late

control
late

33
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It should be remembered that farmers are more likely to

adopt simple solutions rather than complex ones. Therefore,

the Idea of a package to solve all problems at once Is

something to be avoided. On the other hand, there are cases

when agronomic Interactions require a solution to be rather

complex (e.g. a better herbicide and changed spatial

arrangement to address a problem with weed competition).
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V. List Possible Solutions to the Problems
(Sample Worksheet)

Problem PossIble SolutIons

I.

2.

cJ.

4.

6.

:!IteMkr& t/l/~ ltU 0arku-~ 0CU'iefy Jt
club to--!at-b~~

IIr~~fir-~~

lo~fir-~~

1fJ1zit-b~ caa5'b 2tU Jod~ f!lJ'odua g;
~~ or-~ JI) af#:ed to-- 80iI
-- -

to--~ /'OO-t&

21r Jed trea/me/lI; coitIv~ Z

20g-~~~to--~~

JV'~~ cJtU~ ttre<U

t/l/~

cJlr .!7row- tU Iyunw t/l/ rotatio-rv

e~coitIv 4tU~£~~

~~ t/l/~~ -~fir-

~

-lOcalwIteab~ 6tU .AIem- wIteab 0CU'iefy {if.

Iow-~~if f!Yi~ beuv~ te&ed t/l/

~rtab ~~tmd~~fir-

~
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V. List Possible Solutions to the Problems
(Sample Worksheet)

Problem PossIble SolutIons

I.

2.

cJ.

4.

o.

:!lieUkM& Ul/~ ltU 0arku-~~ Jt
k to--!at-b~~

IIr~~fir-~~

lo~fir-~~

1fJ1zit-b~ CClUSb 2tU Jod~ (!lJvxka g;
~~ or-~ JI) af#:ed to-- 80iI
-- -

to--~ roo-t&

21r Jed trea/me/lI; coitIv~ Z

20g-~~~to--~~

JV'~~ cJtU~ ttre<U

Ul/~

cJlr &row- tU Iyunw Ul/ rotatio-rv

e~coitIv 4tU~£~~

~~ Ul/~~ -~fir-

~

-lOcalwIteab~ otU flew- wheat;~ {if.

Iow-~~if f!Yi~beuv~ te&edUl/

~rtab ~~tmd~~fir-

~
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VI. Screen Possible Solutions for Farming System
Compatibility, Research Costs, Profitability and Risk

Because expe r Imentat Ion I s the most cost 1y phase of

OFR, researchers must make sure that the variables that get

Included In the experimental program have a high chance of

success. Step V encouraged the cons Iderat Ion of many

possible solutions to a given problem. In Step VI each of

these possible solutions Is screened for Its compatibility

with the farming system, the likely research costs, Its

likely profitability and Its potential to affect risk. For

so 1ut Ions that have a 1ready been cons I de red In prev Ious

years' planning and which are now part of the experimental

program, reference should simply be made to the previous

analyses.

Farming System Compatibility

In a diagnosis, researchers are Interested In understanding

the reasons for farmers' practices so that they can better

define the amount of flexibility available to propose new

technologies. This screening for system compat Ibility

should have taken place as researchers formed some Idea of

possible solutions. During a survey, farmers might be asked

what they would think of a particular solution, why they

don't already use It, or what they think might happen If

they did use It.

Thus, an Important aspect of planning Involves a

comparison of proposed solutions with what Is known about

farmer circumstances. For example, a new variety Is

proposed for subsistence farmers. Is It acceptable for the

family's food preparations? A change In planting methods Is

pro posed t hat r equi res mo r e 1abo r . 1sthe ext r a 1abo r

available at this time? A new herbicide Is proposed. Can
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It be used In the current rotation pattern? Table 1

presents a checklist of aspects of the farming system that

merit consideration In assessing the compatibility of a new

component.

A word of warning Is In order. When checking for

compatibility, the farming system should not be viewed as

Impossible to change. The basis for OFR, after all, Is the

conviction that farming systems can be Improved, In a

careful, stepwise fashion. Rather than looking at the

current system as absolutely fixed, researchers should use

their knowlege of the system to ask, "Do I understand the

trade-offs Involved with this solution?" For example, If

researchers are considering chemical weed control where

maize Is Intercropped with beans, the conclusion should not

be that this Is absolutely Impossible. Rather they should

take Into account the rat Iona 1e for the current pract Ice

(e.g., extra production, labor saving, risk aversion) and

weigh this against possible gains from the proposed practice

(e.g. better weed control, soil conservation). This kind of

comparison will lead to a judgement regarding the possible

value of the proposed change.
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Table 1

Some Aspects of FarmIng Systems that Should be Checked for
CompatIbIlIty wIth New Components

Land use; croppIng calendar; Intercropplng practIces.

Cash and credIt resources and bottlenecks.

FamIly and hIred labor resources and bottlenecks;
off-farm work opportunItIes.

Draft power resources and bottlenecks; rental markets.

Input aval labIlIty; Input markets.

Use of crop by-products; lIvestock feed requIrements.

FamIly food supply requIrements; food preferences.

Product markets.

OffIcIal InstItutIons.
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Notes should be made concerning Incompatibilities for

each possible solution. This should be done by

recommendation domain, as a given solution may be

appropriate for certain farmers, but not for others. For

example, a given herbIcide might be used by farmers who

follow one rotation, but not by those that follow another.

Thus there would be two domains with respect to this

solution.

Research costs

This part of the screening has two components:

1) The a b I 1 I t Y to car r yout the ex per Ime ntal prog ram

required with the current budget. Some proposed

solutions are more costly than others to Investigate,

and therefore may have lower prIority In the

experimental program. Some examples Include long-term

experiments with rotations, or experiments that require

frequent monitoring and measurement.

2) The degree of confidence that solutions will function

under farmers' conditions. Researchers must ask

themselves how certain they are that the proposed

solution will work under farmer circumstances and

practices, and If there Is doubt, how much

experimentation will be required. For example, a

certain type of so 1'1 Insecticide may be proposed that

works well on the experiment station, but may not

function with farmers' current tillage practIces and

soil conditions.
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Profitability

This part of the screening process also has two components.

1) An estimate of likely returns and required Investment.

The change In costs that vary for the proposed solution

should be calculated, and compared to an estimate of a

breakeven yield, according to the following formula:

y TeV x (1 + M)= P

Where: Y = minimum required yield Increase, per ha.

Tev = increment In costs that vary, per ha.

M = minimum rate of return acceptable to
farmer

p = field price of corp

Because pr Ices for crops and costs of I nputs are

subject to change, and It Is difficult to estimate

precisely the yield increase expected from a change In

technology, this formula should be used only as a guide

rather than for selecting exact treatment levels. For

example, a fertilizer experiment may include levels

somewhat above those derived from this formula,

especially If it Is expected that the relationship of

fertilizer price to crop price may Improve In the near

future. On the other hand, an expensive herbicide

(with a price that Is set at world levels) that does

not "pass" this test might be replaced by less

expensive herbicides.

2) The ease of adopting the proposed solution. Farmers

are more likely to be

can try a little at a

Interested In solutions that they

time. This Is especially true If

the solution involves a considerable Investment.

for examp1 e, farme rs will be 1ess Inte rested

40
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solution that requires the purchase of a new Implement

than they will be In tryIng a new Input that they can

purchase In small quantIties. This consideration

should not be used to absolutely rule out possible

solutions that require a large Investment. With

respect to machinery, for example, there are many cases

where a few Individuals can Invest In a new Implement

and then develop a rental market. The complexity of

the proposed solution, and how long It will take

farmers to learn how to use It, Is also an Issue.

Risk

Risk Is an Important determinant of farmer practices and

often represents a problem that merits Investigation. When

screening for risk, researchers should Judge the likely

stabIlIty of the results from a given solution. They should

ask whether there Is a likelihood that farmers will face

considerable losses In certain years If they adopt the

solution, or If the solution Is likely to Increase the

stability of Income for farmers.
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VII. Make Lists of Experimental Treatments, Suggestions for
Longer Term Research, and Needs for Continuing Diagnosis

ThIs step Involves a revIew of prevIous steps and the

formation of three lIsts that wIll help orient the research

program.

A. Experimental Treatments

The princIpal goal of this process is to develop a 1 ist of

experImental treatments for on-farm experiments. The

experImental treatments wIll come from three sources:

1) If the problem and Its cause(s) are clear, then the

experimental treatments are those Inputs, varieties or

techniques that have been specified as possIble

solutIons In Step VI. They may be solutIons that have

already been tested In previous experIments.

2) For problems (I) or causes (III) that requIre further

experImental InformatIon, experimental treatments are

those that wIll he 1p researche rs to unde rstand the

Importance of the problem or the cause of the problem.

3) In addition, there may be other experImental treatments

that do not come directly from the IdentIfIcation of

problems, causes, or solutions but should nevertheless

be considered for the experimental program. These

arise from a knowledge of possible agronomic

Interactions. For example, reduced tillage with mulch

In maize may be an experimental variable (assuming the

problems Is, say, moisture conservation). As there Is

some evIdence that mulch Interacts with Insect

popu 1at Ions, researche rs may want to exp lore Insect
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control as an experimental variable. Another example

might be the Inclusion of certain elements In a

fertilizer experiment because of possible Interactions

with the higher level of nutrients that are being

tested.
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VII. (A) List Experimental Treatments
(Sample Worksheet)

Treatment DomaIn Source

~~ !7lw.wJield& Mb JapI~if~

~ (Mob.reenv p/~~
to- !Je, /7UMI/ ab rt:d p/
~~

~~if Jt/I~ JaplI ~if
~.ud&jJ&'-1uIi CXUbWp/~

!?7redv~.reed .AIi~ Jap 111 ~ifCXUbW
p/~

6~~~ .AIi~ Jap.nz~~

~Jt to-~~

6~~6ean& !7lw.w~wb ~~t.Uid

~~t.Uid ~~~
6ean& ~Jt

Jod~JI .AIi~ Jap1ZI~~

to-~yab-~

1PVlLu'-~ ~~~ Jap1Z1~~
to-~yab-~

~ Jt/I~ Japn~~

to-~~

~!2 !7lw.w~wb ~~&~
cIo-rwb~ ~Mb~
wid6ean&
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Suggestions for Longer Term Research

The analysis carried out In the preceedlng steps Is useful

not only for Identifying short-term research goals, but also

for helping to guide longer term research. As researchers

consider possible solutions, there are often items

(particularly in Step VI) that may require attention on the

experiment station or through other types of research.

There may also be Items that require interaction with pol icy

makers. With respect to pol Icy, however, researchers should

not fall Into the trap of believing that OFR can bring about

massive change In agricultural pol Icy. Since pol Icy makers

are usually as unimpressed as farmers by research that does

not take account of their circumstances, pol Icy objectives

for OFR must be chosen carefully.
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Data Needs for Continuing Diagnosis

It was poInted out In the IntroductIon to thIs paper that

a 1though a d Iagnos Is shou 1d take place before beg I nn I ng

experIments, dIagnosIs should also contInue even after the

experimental program has begun. As researchers debate the

Importance of partIcular problems (Step I) and search out

the causes of those problems (Step III) they may fInd that

certaIn dIagnostIc tools such as farmer surveys, fIeld

observatIons, or laboratory studIes would be helpful. Such

suggestIons should be lIsted.
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VII. (C) List Data Needs for Continuing Diagnosis

(Sample Worksheets)

Theme Data CollectIon Method

1. ./VenuzLotk& Uv toIu:ab P/ie/d~ sIwdd~ tabu. ./t
~~~sIwdd~.reIededtIuw
~ tIze- tuN>- nu;jo-r- ro-tatio-n& Uv tIze-
CZ/'e£V. [lJa&O cIaav Orl/ tIze-~~

tlze-JddsIwdd~~ cmdj.JImzb
samjJIe& sIwdd~~ m- tIze-
~.

2. J~~Uvmaiz:e, .!ff{Vfirma'~ t& to-~~

~akub~~sIwdd~

Vlduded.~{VJma/j~ ~

~ ctl/l/~ cluMuvfir- CUl/~

Orl/ tIzi&~ comIHnedwid
~.

S. ~~~.reecI& .!fffirma'~ t& to-~~
jXmued}o-M/ ~sIwdd~~akub tIze-

~fir- tIzi&~

4. Uw ~cukuzced ./t tojJWp {Vfirma'~.

~~ ~{V~~~ctl/l/~~

tlze-Jivnzu-~akub.wfU'Ce/~
~ cmd %~pIant& recorded.
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Blank Worksheets



I. List Problems Limiting the Productivity of the System

Problem Ev I dence Ava 11 ab1e Additional Evi­
dence Regu I red
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III. Identify the Causes of the Problem. A. List Causes

Problem Causes Further evidence
required
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III. Identify the Causes of the Problem. B. Diagram Causes
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IV. Diagram Interrelationships Among the Problems and Causes
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VII. (A) list Experimental Treatments

Treatment Domain Source
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VII. (8) list Suggestions for Longer Term Research



VII. (C) List Data Needs for Continuing Diagnosis

Theme Data Collection Method




