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15 “To Every Thing There is a Season, 
and a Time to Every Purpose Under 
the Heavens”
What about Direct Instruction?*

David Klahr Carnegie Mellon University

In this chapter, I address three questions that recur through this volume: (a) 
How does direct instruction differ from discovery learning? (b) When should 
direct instruction be used? and (c) What aspects of disciplinary practice should 
be included in early science education?
 The first issue focuses on the features that distinguish direct instruction from 
discovery learning. Over the past 20 years or so, and culminating in the critique 
(Kirschner, Sweller, & Clark, 2006) and debate at the 2007 AERA meeting that 
motivated this volume, there have been extensive and heated exchanges among 
education researchers, learning scientists, and science educators about “discovery 
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 The third issue is about content. Should early science education include 
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tant to note that, in order to minimize potential effects of physical context, the 
study also used—as another  between- subjects variable—three different sets of 
materials with the same underlying factorial structure: (a) slopes, as shown in 
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Table 15.1 for details.) These three domains were also used to assess transfer of 
CVS knowledge elements beyond the physical domain in which they were 
acquired. Thus, children whose initial instruction occurred in the ramps domain 
were assessed on the transfer trials using springs and sinking objects. Children 
who had worked with springs during instruction were assessed with ramps and 
sinking objects on the transfer trials, and so on. This counterbalancing allowed 
Chen and Klahr (1999) to assess the extent to which the deep structure of CVS 
procedures and concepts had been generalized beyond the specific physical 
context in which they had been acquired.

Terminology Used to Describe Different Types of Instruction

Chen and Klahr (1999) did not use the terms “direct instruction” or “discovery 
learning” in describing their three contrasting instructional conditions. They 
called them “ Training- Probe,” “ No- Training Probe,” and “ No- Training, 
 No- Probe,” and defined them as follows:

In the Training–Probe condition, children were given explicit instruction 
regarding CVS. Training . . . included an explanation of the rationale behind 
controlling variables as well as examples of how to make unconfounded 
comparisons. . . . A probe question before the test was executed asked chil-
dren to explain why they designed the particular test they did. After the test 
was executed, children were asked if they could “tell for sure” from the test 
whether the variable they were testing made a difference and also why they 
were sure or not sure. In the  No- Training Probe condition, children received 
no explicit training, but they did receive the same series of probe questions 
surrounding each comparison as were used in the Training–Probe condition. 
Children in the No Training–No Probe condition received neither training 
nor probes.

(Chen & Klahr, 1999, p. 1101)

 The results of the study were unambiguous. As shown in Figure 15.2, the 
 Training- Probe condition, in which students received explicit instruction and 
were prompted to explain their reasoning, was by far the most effective, both 
immediately following training and after a  one- week delay.
 However, since I am arguing here that unambiguous definitions are essential 
to the advance of a science and the resolution of its controversies, it is embarrass-
ing to admit that we used more conventional (and controversial) usage in other 
sections of that paper by discussing the contrast between “direct instruction” and 
“discovery learning.” In a subsequent paper on teaching CVS to third- and 
 fourth- graders (Klahr & Nigam, 2004), we abandoned all caution and called the 
contrasting instructional procedures—in this study, only two types of instruc-
tion, rather than three as in Chen and Klahr (1999)—“Direct Instruction” (pre-
viously called “ Training- Probe”) and “Discovery Learning” (previously called 
“ No- Training,  No- Probe”). We did attempt to clarify the way in which we 
defined these two types of instruction:
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instruction” for your favored option must have delighted those who want to 
teach with no inquiry at all.

Note that, under this interpretation, our  direct- instruction condition, criticized 
as being unfairly compared to a parody of discovery learning by the first type of 
critique, has become an instance of guided inquiry!
 The third type of critique was that our findings might be used to “return to a 
traditional,  fact- oriented,  teacher- centered model” (Kohn & Janulaw, 2004, p. 
41). Such a critique suggests that more attention was paid to our terminology 
than to our actual instructional procedures because our instructional objective 
was neither traditional nor  fact- oriented. (Although it is hard to understand why, 
in science of all areas, “fact oriented” is used pejoratively.) Instead, the instruc-
tional goal was that children know how to design and interpret unconfounded 
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conditions set up the ramps, rolled the balls, and took apart the ramps. Also, in 
both conditions the experimenter challenged the children with an explicit goal 
and children participated in  goal- directed investigations in which the aim—to 
find out about the effect of a single causal variable—was generated by the experi-
menter, not the child. In neither condition were children unguided with respect 
to the purpose of the activity.
 The many differences between the two types of instruction are also listed in 
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employed a microgenetic approach in which they provided no explicit instruc-
tion at all as children attempted to isolate causal factors in a simple context 
employing five binary variables, very similar, structurally, to our materials. They 
found that even after a dozen 45-minute “discovery” sessions, spread over 8 
weeks, only 75% of the children in their discovery condition met their lenient 
criterion of “mostly or exclusively” making valid inferences.

Feedback

Instructional contexts vary widely in the extent to which they provide feedback 
that is inherently  self- correcting. For example, in the classic  balance- scale tasks 
studied by Siegler (1976),  trial- to-trial performance of the balance scale provides 
clear feedback about whether or not the child’s prediction is correct. “Minimally 
guided instruction” with these materials could be quite effective, because the 
materials, in effect, provide the instruction. In contrast, the CVS context pro-
vides no such consistent,  self- correcting feedback about a confounded experi-
mental set up. In our studies, only explicit training focusing on the confound was 
effective in enabling children to master CVS.

Sequencing

In our most recent study  (Strand- Cary & Klahr, in press), we assessed CVS per-
formance immediately following the training condition, and 3 months later. 
Figure 15.3 shows that, as in our other studies, the immediate effect of the two 
types of instruction was that children in the  Explicit- Instruction condition pro-
duced significantly higher CVS scores than children in the Exploration condi-
tion. However, after a 3-month interval, and without any further instruction, the 

Explicit instruction
Exploration

90 day delayed
post-test

Immediate
post-test

Pre-test

4

3

2

1

0

Figure 15.3  Mean CVS score showing the mean number of unconfounded experi-
ments (out of 4) for children in Exploration condition and Explicit con-
dition at three different points: (i) at pre-test, (ii) on an immediate 
post-test following training on the same day as pretest and training, and 
(iii) after a 90 day delay (source: from Strand-Cary & Klahr, in press).
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Exploration group performance rose to the same level as the Explicit group. The 
possible explanations for this “spontaneous” improvement are addressed in 
 Strand- Cary and Klahr, but here I will focus only on the sequencing implications 
of this finding. If two different instructional methods are equally effective in the 
long run, but one of them gets students to a high performance level very quickly, 
then the method containing the “fast acting ingredient” should be preferred. 
Thus, the argument for Explicit Instruction is that it allows curriculum designers 
to teach CVS early rather than waiting for it to appear 3 months down the road. 
Given its position at the core of experimental science, CVS is clearly a prerequi-
site for much of the science curriculum, and the method of instruction should be 
one that maximizes the level of student performance in the minimum amount of 
time. One common critique of Explicit Instruction is that it provides only a tem-
porary and somewhat narrow learning context. However, if CVS is taught early 
in the science curriculum, then there will be many opportunities for students to 
apply it to different contexts, later in the curriculum, thereby solidifying that 
knowledge.

Implementation Fidelity

 Discovery- learning approaches are inherently vague about the sorts of learning 
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Conclusion

Like all of the venerable “isms” in education, constructivism has many faces and 
facets. In this essay, I have attempted to address only a few: what distinguishes 
direct instruction from discovery learning; when should we use direct instruc-
tion; and which aspects of scientific practice might be both teachable and useful 
for young science students? My answer to the first question is that there is no 
universally agreed upon definition of something as broad as an “approach,” so 
we need to be as explicit as possible about our instructional procedures, striving 
for operational definitions that will facilitate unambiguous comparisons. My 
answer to the second question is that direct instruction should be used whenever 
we have evidence that it is both efficient and effective in the short and long term. 
This is most likely to occur in situations where corrective feedback on miscon-
ceptions and errors is unlikely to be systematically generated by the instructional 
context. My answer to the third question is that an important part of scientific 
practice is the use of general “weak methods” (Newell & Simon, 1972), and that 
we should begin to integrate such cognitive psychology topics into the early 
science curriculum. That is, students should not just be asked to use analogies 
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instructional context, early location of the  to- be-learned material in a sequence 
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instructional method outlined in this chapter is not  well- aligned. What is your ratio-
nale for continuing to refer to this method as direct instruction?

Reply: Klahr. 
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