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Why not just run this as a demo? Differences in students’ conceptual 
understanding after experiments or demonstrations 

 
 
Chemical engineering enrollments have ballooned in the past five years, making it increasingly 
challenging to find physical space for undergraduate student laboratory experiences.  Rather than 
have laboratory sections with core chemical engineering courses such as fluid mechanics or heat 
transfer, most students’ in-major laboratory experience is limited to a unit operations laboratory 
course.  Our previous work demonstrated that inquiry-based laboratory activities, brief hands-on-
experiments designed to directly combat common misconceptions, could be highly effective at 
repairing students’ misconceptions.  However, even brief experiments present logistical 
challenges for many colleagues.  Therefore we undertook a study asking the question: What is 
the effectiveness of the same activities if performed as demonstrations? 
 
Over 200 heat transfer students at three institutions were given the Heat and Energy Concept 
Inventory (HECI) at both the start and end of the semester.  During the semester, instructors 
either had students complete four brief laboratory experiments designed to repair common 
misconceptions in two areas of heat transfer or had students watch demonstrations of the same 
experiments as demonstrations.  Both treatments were accompanied with the same pre-lab 
prediction questions and post-lab assessment and reflection questions, which kept student time 
devoted to each activity similar.  Students performing the experiment in small groups scored 
higher on the concept inventory than did students who watched a demonstration (24.7-percentage 
point increase relative to 16.9-percentage point increase) although both groups improved 
significantly relative to their pre-test scores. Analysis of the student reflection questions mirrored 
this trend, with students performing experiments answering the reflection questions more fully 
and more correctly than students who watched the demonstration.   
 
  



Introduction and Background 
 
In the past five years, Chemical Engineering departments in the United States have been under 
intense enrollment pressure with over half of reporting departments responding that 
undergraduate enrollment has doubled (1).  Enrollment increases are often felt most keenly in 
laboratory sections, where safety considerations and the availability of equipment limits the 
number of students who may participate in experiments at any one time.  One possible response 
to these constraints is to take some experiments that were previously performed by students and 
instead present them as in-class demonstrations.   
 
Laboratories have a range of educational outcomes associated with them, including developing 
interest, promoting problem-solving and trouble-shooting, enabling verification of established 
theory, modeling the experiences of professionals, and conceptual learning (2–4).  Active 
learning has a number of benefits for student learning (5), and to many it seems self-evident that 
laboratories are both active and excellent learning spaces for engineering.  While it would be 
challenging for a demonstration to replicate the kinesthetic or trouble-shooting aspects of 
laboratory experiences, it should be possible for appropriately constructed demonstrations to 
allow students to actively construct understanding in the more abstract outcomes from laboratory 
experience such as verification of theory and conceptual learning.   
 
In earlier work, we established a series of inquiry-based laboratory activities (IBLAs) that 
significantly increased students’ conceptual learning in heat transfer and thermodynamics (6–
11).  Two IBLAs were created for each of nine conceptual areas where undergraduate chemical 
engineers commonly held misconceptions.  Figure 1 shows an example of one such activity, a 
small experiment intended to address misconceptions about the factors impacting the rate of heat 
transfer and how these factors differ from those that impact the amount of energy ultimately 
transferred (Rate vs. Amount).  Students often assume that faster will automatically translate to 
more.  The chipped ice vs. snowball experiment clearly demonstrates that just because the water 
cools more rapidly with chipped ice, the final water temperature is the same for the same mass of 
ice whether it be chipped or a single large “snowball.”    
 
Left-hand scale shows 75g of chipped ice, 
while right-hand scale shows a compressed 
block of the same mass. 

When placed in room temperature water, the 
chipped ice (red line) cools the water more 
rapidly, but both systems reach the same 
temperature when completely melted.  

  
Figure 1: Chipped ice vs. Snowball activity in support of the "rate vs. amount" concept 

Despite positive results from IBLAs, colleagues at other institutions were reluctant to adopt the 
IBLAs for their courses.  Colleagues indicated that they might be able to use the IBLAs if they 



could instead run them as a demonstration.  While this seemed to be a reasonable change, we did 
not know if such a change would alter the impact of the IBLAs on student learning, and if so, by 
how much.  The specific goal of the work described here is to assess if students learn as much 
from demonstrations of conceptual learning activities as they would from performing the 
activities themselves.   
 
Methods 
 
The present study focuses on two conceptual areas in heat transfer.  The first, Rate vs. Amount, 
is described above.  The second is Radiation, where students commonly hold the misconception 
that color has a far greater impact on radiative heat transfer than it actually does.   
 
Heat transfer instructors at four institutions in the United States, two large-public, two smaller-
private, volunteered their classes for the study.  Within the first two weeks of the semester or 
quarter, students were given a heat transfer concept inventory (HECI, (9)).  During the semester, 
four IBLAs were implemented, two each in the concept areas of Rate vs. Amount and Radiation.  
All students followed the same IBLA structure, completing predictions before the experimental 
portion of the activity, answering a few observation questions during the experimental portion, 
and concluding with reflection questions afterwards.  Two IBLA modes were compared – 
“student experiment” in which students performed the activities themselves within small groups 
and “demonstration” or “demo” in which students watched instructors complete the experiment.  
It should be noted that one of the activities in the rate vs. amount concept area is impractical as a 
physical experiment or demonstration and so is always presented as a simulation (or 
demonstration of the simulation).  For any given IBLA, all students in the same course used the 
IBLA in the same delivery mode.  Within two weeks of the end of the semester, students again 
took the HECI.   
 
The HECI is a multiple-choice instrument with validated subscales that cover four concept areas 
in heat transfer, including the two highlighted in this work.  For the analysis of HECI data, 
student responses were dichotomized into correct and incorrect responses.  Students pre- and 
post- test scores were paired and compared to determine change over the course of the semester 
or quarter.  Responses on the HECI as a whole were considered, as were responses on the 
relevant sub-tests within the HECI.  Students’ HECI pre-test score was taken as an indication of 
their preparation, and any differences between institutions were controlled for statistically in the 
analysis.   
 
Student reflection responses were also analyzed.  These written responses were captured via 
Google Form and were generally one to three sentences in length.  Such responses were available 
for three of the four IBLAs used, both radiation activities and the “chipped ice vs. snowball” rate 
vs. amount activity.  The analysis of these responses, used a rubric to group responses into 
“totally incorrect,” “mostly incorrect,” “mostly correct,” and “entirely correct.”  A content expert 
was consulted to construct exemplar answers for each of the categories.   A team of three raters 
assessed each answer, and interrater-reliability was established by a training set where each 
evaluator assessed each independently, then discussed any discrepant results until they reached 
consensus.   
 



Results and Discussion 
 
Table 1 shows concept inventory results for all participants.  Concept inventory scores for both 
groups of students improved significantly between pre- and post- test, and significantly greater 
improvement was seen (24.7 percentage points) for the student-experiment group relative to the 
“demo” group (16.9 percentage points).  For comparison, students in heat transfer courses with 
no IBLAs scored 39.3% in the HECI pre-test and 42.6% on the post-test, for a 5.7 percentage 
point increase which was statistically significant but with a small effect size (d=0.19) (12).            
 
Table 1: HECI Results 
Type of 
Instruction 

Total Heat Transfer 
Concept Inventory 

Rate vs. Amount Sub-
test 

Radiation Sub-test 

 Mean 
Pre-Test 
Score 

(std.dev) 

Mean 
Post-Test 
Score 

(std.dev) 

Mean 
Pre-Test 
Score 

(std.dev) 

Mean 
Post-Test 
Score 

(std.dev) 

Mean 
Pre-Test 
Score 
(std.dev) 

Mean 
Post-Test 
Score 
(std.dev) 

Faculty 
Demonstration of 
Physical   
Experiment 

41.2% 
(14.9%) 
n = 80 

58.1% 
(16.7%) 
n = 73 

27.4% 
(25.5%) 
n = 79 

60.3% 
(27.0%) 
n = 73 

37.3% 
(15.5%) 
n = 79 

55.5% 
(21.6%) 
n = 73 

Students Doing 
Physical 
Experiment 

47.2% 
(14.3%) 
n = 88 

71.9% 
(17.7%) 
n = 85 

35.1% 
(27.3%) 
n = 88 

72.3% 
(24.6%) 
n = 83 

41.9% 
(16.0%) 
n = 88 

72.4% 
(20.5%) 
n = 82 

 
A univariate analysis of variance (ANOVA) was done using instructional method (experiment 
done by students vs. faculty demonstration of experiment) as the independent variable and Rate 
vs. Amount and Radiation Post Sub-tests as the dependent variables in separate analyses.  With 
Rate vs. Amount, there was no significant difference between the two instructional groups on the 
pre-test so a oneway analysis of variance (ANOVA) was done.  The Rate vs. Amount Post-Sub-
test scores of the Physical Experiment Done by Students group was significantly higher than 
Faculty Demonstration with a small effect size, F (1, 154 ) = 8.93, p < .01, partial η2 = .06.   
 
With Radiation, there was no significant difference between the two instructional groups on the 
pre-test, and a oneway ANOVA showed that the Radiation Post-Sub-test scores of the Physical 
Experiment Done by Students group were significantly higher than Faculty Demonstration with a 
large effect size, F (1, 153) = 27.00, p < .01, partial η2 = .15.  Because the difference between the 
two groups on the Radiation pre-test approached significance, a univariate analysis of covariance 
(ANCOVA) was also performed. The analysis yielded a significant main effect for the 
instructional method with a medium effect size; F (1, 150) = 22.23, p < .01, partial η2 = .13. The 
covariate of the radiation pre-test score significantly influenced, with a small effect size, the 
dependent variable of the radiation post-test score; F (1, 150) = 8.98, p < .01, partial η2 = .06.  



Instructional method remained a significant factor in students’ performance on the radiation post-
test even when radiation pre-test scores were controlled.   
 
Figure 2 shows the results of students’ written responses to the reflection questions.  Students 
who provided correct answers that were lacking in key details would have received a score of 2/3 
(0.67) on the scale shown – for example, in the case of the “chipped ice vs. snowball” IBLA, a 
2/3 answer would note that “surface area is related to rate” but a 3/3 answer would go on to say 
that it is not related to amount of energy transferred.  In this assessment taken as a whole, the 
student experiment mode of the IBLA again outperforms the faculty demonstration mode.  
However, looking at the outcomes from each IBLA individually, it is clear the differences in 
performance are not uniform and the performance on the “heat lamp” activity is nearly identical 
in both modes.   
 

 
Figure 2: Average total score on reflection questions by activity and mode.  Error bars indicate 
standard deviation.   

 
Both the qualitative and quantitative answers must be considered in order to understand students’ 
level of conceptual change after the IBLAs.  The HECI has more questions in each concept area 
that probe student understanding in several situations and directly target common 
misconceptions.  The qualitative results ask only about the specific situation the students just 
witnessed and the open-ended format of the question enables a more individualized picture of 
student understanding than does multiple choice.  However, many students answer the open-
ended questions briefly and earn a score that may under-represent their true understanding.   
 
Taken as a whole, student performed experiments were more effective at repairing students’ 
misconceptions in heat transfer than were demonstrations, although the difference between the 
two methods was not uniform in across concept area – the effect size for the Radiation 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Student	Experiment Faculty	Demonstration

Av
er
ag
e	
To

ta
l	G

ad
e

IBLA	Mode

Rate	vs	Amount:	Chipped	Ice	vs.	
Snowball

Radiation:	Heat	Lamp

Radiation:	Steam	Pipe



experiment advantage with large, while that for the Rate vs. Amount advantage was small.  In 
future work, we plan to further explore the impact of concept area.  While experiments are 
clearly better, the difference in educational effectiveness is small enough that demonstration may 
be a compelling alternative, particularly for instructors who don’t have access to laboratories.   
  
The result that demonstration is useful educationally may appear to be at odds with some 
previous work (13–15).  We believe the positive outcomes from the demonstrations described 
here stem from two key elements that are lacking from the most common implementations of 
class demos.  First, students are prepared for the demonstration by answering a prediction 
question that primes them to look closely at the relevant aspects of the demonstration.  This is 
cited as a key practice for learning from demonstrations by Crouch et al (14).  Second, the 
experiments target conceptual understanding, not the derivation of specific modeling relations or 
laboratory procedures.  Finally, students respond to reflection questions at the conclusion of the 
demonstration, encouraging retention of what they’ve observed.        
 
Free access to both IBLA modes described in this paper is available through the Concept 
Warehouse (16), https://jimi.cbee.oregonstate.edu/concept_warehouse/ , along with the HECI, 
handouts, and instructions.   
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