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THE BACK PAGE 
Direct Instruction rocks: Or does it? 

by Richard Hake 
 

David Klahr1, in his provocative “Back Page” 
essay “Inquiry Science rocks: Or does it?” makes 
three points in his introduction:  
 

 (1) “the relative effectiveness of different types 
of instructional ‘approaches’ is not always 
investigated with the same rigor that permeates 
all strong scientific disciplines - clear definitions, 
well-defined empirical procedures, and data-
driven conclusions”;  
 

 (2) “for many aspects of science instruction, 
‘discovery learning’ is often a less effective way 
to teach than a direct, didactic, and explicit type 
of instruction”; and  
 

 (3) some in the physics education community 
may regard point “2” as “a foolhardy heresy, 
while for others it may be a dark secret that they 
have been reluctant to share with their 
colleagues.” 
 

I have previously stressed2 the crucial 
importance of operational definitions in 
educational research and strongly agree with 
Klahr’s point “1.”  And considering the work of 
Chen & Klahr3 and Klahr & Nigam4, I would 
agree with point “2” IF  “discovery learning” is 
defined as by Klahr & Nigam4 as including near 
zero teacher guidance. However, as explained 
below, I would amend point “3” to read: "few 
physicists who read Klahr1 carefully will regard 
point “2” as heresy, or a dark secret to be kept 
from their colleagues.” 
 

In support of point “2” Klahr describes a 1999 
experiment by Chen & Klahr3 which appears to 
demonstrate that for the instruction of seven-to-
10-year-old students in the “control-of-variables 
strategy” (CVS), a direct-instruction-like 
pedagogy called “Training–Probe” produced 
better learning outcomes than a discovery-
learning-like method called “No Training - No 
Probe.” The details of both methods are fully 
described by Chen & Klahr in their article.  
 
 

 

In a later 2004 report, Klahr & Nigam4 made 
what was later acknowledged by Klahr & Li5 to 
have been a mistake by calling the “Training–
Probe” method “Direct Instruction” (DI) and the 
“No Training - No Probe” method “Discovery 
Learning.”  This switch to loaded language led to 
a maelstrom of media misinterpretation 
(referenced by Klahr & Li5) in which it was 
often erroneously implied that Chen & Klahr3 
had shown that “direct instruction” in all its 
various forms was superior to “discovery 
learning” in all its various forms, in much the 
same way that Klahr’s1 “Back Page” essay could 
mislead some to think that “direct instruction” in 
all its various forms is superior to “inquiry 
science” in all its various forms. 
 

Klahr & Li5 wrote: “In hindsight, we may have 
muddied the interpretation of our findings by 
incorporating popular terminology like ‘direct 
instruction’ and ‘discovery learning’ into articles 
and public presentations of [Klahr & Nigam4]. 
Only when we tuned in to the recent political 
debate in California2 about the permissible 
amounts of ‘hands-on science’ vs. ‘direct 
instruction’  . . . . . . . .  did we become fully 
aware of how easy it is for someone to pick up a 
terminology, and imbue it with whatever 
meaning suits the purpose of an argument.” 
 

In his “Back Page” essay Klahr1 attempts to 
better convey the meaning of Chen & Klahr's3 

"Training–Probe" and "No Training–No Probe" 
methods as follows:  
 

The "Training–Probe" method is equated to 
“Type A” instruction in Klahr's1 Table 1: hands 
on materials; teacher designed experiment; probe 
questions, explanations, and summary by 
teacher; no student execution of experiment or 
observation of outcomes. 
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The "No Training–No Probe" is equated to  
“Type C” in Klahr's1 Table 1: hands on 
materials; student designed experiment; no probe 
questions, explanations, or summary by teacher; 
student execution of experiment and observation 
of outcomes. 
 

But Klahr1 correctly points out that the above 
descriptions must be supplemented by details if 
the methods are to be replicated, stating: “In our 
full scientific report . . .  . . of course, each of the 
cell entries in the table was augmented by a 
detailed ‘script’ for how that component of the 
instruction was actually implemented, so that it 
could be replicated in other labs.”  
 

Considering that the Chen & Klahr3experiment 
concerns: (a) the process skill CVS, (b) seven-to-
10-year-old students, and (c) the above 
descriptions of “Training–Probe” (TP) and “No 
Training – No Probe” (NTNP) methods, I think 
there is no reason for some in the physics 
education community to regard the apparent 
superiority of the TP over the NTNP in that 
study as surprising or grounds for heresy, as 
Klahr1 suggests in point “3” of his introduction. 
 

Consistent with the above, as far as I know, 
physicists who read Klahr’s “Back Page” essay 
carefully are not preparing to burn Klahr at the 
stake as a heretic. And – I think - for good 
reason: the apparent superiority of the direct-
instruction-like TP over discovery-learning-like 
NTNP in the study of Chen & Klahr6 has almost 
nothing to do to do with the demonstration by 
physics education researchers6-11 that discovery-
learning-like “interactive engagement” (IE) 
courses are superior to direct-instruction-like 
traditional (T) courses for promoting conceptual 
understanding of Newtonian mechanics in 
introductory physics courses - by about two 
standard deviations8 in average normalized gain 
<g>.  
 

For example, Fig. 1 shows a histogram8 of the 
average normalized pre-to-posttest gain  
<g> = ( <%post> - <%pre>) / (100% - <%pre>)..(1)   
        =             <%G>        / max possible <%G>..(2)  
achieved by “Interactive Engagement” (IE) and 

“Traditional” (T) courses.  In Eqs. 1 & 2 the 
angle brackets indicate class averages on concept 
inventories [Mechanics Diagnostic6 (MD) or 
Force Concept Inventory7 (FCI) - see the 
Wikipedia entry on “Concept Inventories” at 
<http://bit.ly/dARkDY>] of conceptual 
understanding of Newtonian Mechanics for 
introductory physics courses.  
 

It should be noted that: (a) a high positive 
correlation coefficient r = + 0.91 was found8 for 
posttest scores on the conceptual FCI test and the 
problem-solving Mechanics Baseline (MB) test9; 
and (b) references to 25 research reports of 
average normalized gains for IE and T courses 
consistent with Hake8 are listed on page 12 of 
ref. 11.  
 

This Fig.1 histogram8 showing the apparent 
superiority of discovery-learning-like IE courses 
over direct-instruction-like T courses is to be 
compared with the Fig. 1 histogram of Klahr, 
showing the - at first sight polar opposite - 
apparent superiority of direct-instruction-like 
“Type A” pedagogy over discovery-learning-like 
“Type C” pedagogy.  

 
Fig. 1. Histogram of the average normalized gain 
<g>: dark (red) bars show the fraction of 14 
“Traditional” (T) courses (N = 2084), and light 
(green) bars show the fraction of 48 “Interactive 
Engagement” (IE) courses (N = 4458), both within 
bins of width δ<g> = 0.04 centered on the <g> values 
shown. 
 

Here IE and T courses are operationally defined8 
as follows:  
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IE courses are those designed at least in part to 
promote conceptual understanding through the 
active engagement of students in heads-on 
 (always) and hands-on (usually) activities that 
yield immediate feedback through discussion 
with peers and/or instructors ......................... (A) 
 

An elaboration of “A” has recently been given 
by Meltzer & Thornton10. 
 

T courses are defined as those reported by 
instructors to make little or no use of IE 
methods, relying primarily on passive-student 
lectures, recipe laboratories, and algorithmic 
problem examinations.................................... (B) 
 

As indicated above, Klahr1 cautions that it’s 
necessary to provide a detailed “script” for how 
each instructional component of a method was  
actually implemented, so that it can be replicated 
in other labs.  The “scripts” for IE courses are 
provided in reference 8 since “A” is used as a 
proxy for the forty-eight IE courses (N = 4458) 
which are fully described in the companion paper 
“Interactive-engagement methods in introductory 
mechanics courses.” I think the T course 
“scripts” are so invariant and so well known to 
physicists and to students who have taken 
traditional introductory physics courses, that the 
abbreviated description “B” is adequate.  
 

In conclusion:  
A. Klahr’s1 Fig. 1 histogram and the research of 
Chen & Klahr3 and Klahr & Nigam4 suggest that 
if one's goal is the enhancement of a process skill 
such as the "Control of Variables Strategy" 
(CVS) among elementary-school students then 
s(he) should probably consider utilizing Klahr's 
direct-instruction-like "Type A" pedagogy rather 
than discovery learning-like Type-C method 
with near zero teacher guidance.   
 

 B. The present Fig. 1 histogram taken from ref. 
8, its corroboration by others listed in ref. 11, 
and the high positive correlation of posttest 
conceptual FCI and problem-solving MB tests, 
suggest that if one's goal is the enhancement of 
conceptual understanding and problem-solving 
ability among high-school or undergraduate 
students then s(he) should probably consider 

utilizing discovery-learning-like “Interactive 
Engagement” pedagogy rather than direct-
instruction-like “Traditional” pedagogy.  
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