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Abstract 
 
Clemson’s NSF-sponsored EXPerimental Engineering in Real-Time (EXPERT) project is 
investigating the effect of using real-time sensors on student learning through graphical 
representations of various physical concepts and to facilitate learning the concept itself. This 
paper will address the development and adaptation of the experiment as a model for other 
engineering education experiments, describing the ongoing challenge of implementing an 
experimental protocol in a classroom environment, the expansion of the experimental protocol to 
include other test sites, and how formative assessment shaped the educational experiment. 
 
Introduction 
 
The goals and methods of Clemson’s EXPerimental Engineering in Real-Time project have been 
described in detail in our earlier work.1,2,3 We seek to use real-time sensors in the classroom to 
provide quicker feedback to students during hands-on laboratory modules. To establish the 
efficacy of using the real- time sensors to improve student learning, an educational experiment 
was carefully designed to evaluate the laboratories in actual classroom situations, when used by 
various instructors, and when compared to laboratories that are pedagogically similar except that 
real-time sensors are not used. 
 
In fall 2004, changes to the experiment design and project management were required due to the 
construction of a classroom to use student-centered activities in a large-enrollment classroom.4-9 
There were changes related to the use of different classroom facilities, a change in class size 
from 44 to 72, a change in the number of students per table from 4 to 8, and a change in the 
number of lab sections from 20 to 12. In addition, another laboratory experiment was added to 
the experimental design to provide a more definitive experiment. 
 
The experimental design for Fall 2004 
 
In Fall 2004, three laboratories were used to provide a more definitive experiment. This allowed 
for use of the sensors in certain sections for the first lab, crossover of the intervention to other 
sections for the second lab, and the continuation of the intervention in those sections for the third 
lab. This required the development of a third lab that could be delivered in “sensor” and “non-
sensor versions” that were otherwise pedagogically equivalent. Parallel versions of a fluid-
mixing laboratory were developed for this purpose, and are detailed separately in these 
conference proceedings.10 
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Crossover and continuation design with blocking 
 
Crossover designs allow each participant to be exposed to all “treatments” in our case the 
presence or absence of the use of sensors as a data collection agent. There are three “phases” to 
the experiment: Lab 1 Spring stiffness, Lab 2 Fluid mixing, and Lab 3 Beam stiffness. A total of 
eight section of CES 102 were selected for study. These sections, however, were not randomly 
selected. The principal criterion for selection to the study was the instructor. Of the 12 total 
sections of CES 102 taught in the Fall of 2004, 8 section were collectively taught by two 
instructors (4 sections each). This scheme provides us with a replication of the experiment with 
different instructors. 
 
All sections in Phase 1 were randomly assigned to be in the Sensor or Non-Sensor groups (See 
Table 1 for a model of the design implemented). Each of the lab sections had an approximate 
enrollment of 72 students. Four sections were exposed to the use of sensors in the lab for 
collecting measurements and data entry and four sections used manual measurement and data 
entry. The same eight sections were used in Phase 2 of the experiment. The treatments were 
“crossed over” such that if a section used sensors in Phase 1, they did not use the sensors for data 
collection in Phase 2. Sensor/non-sensor assignments from Phase 2 were duplicated in Phase 3. 
The crossover design requires that lab (phase), the sequence to which the students were exposed 
to the sensors, and instructor constitute blocks, and can be used to determine if the use of the 
sensors as a data collection agent has a significant effect on students’ ability to understand the 
observed phenomena.11,12 
 

Table 1. Crossover and Continue Experimental Design 
 

 Lab 
 
 

Phase 1 
Spring stiffness 

Phase 2 
Fluid mixing 

Phase 3 
Beam stiffness 

 Non- Sensor Sensor Non- Sensor Sensor Non-Sensor Sensor 

Dr. A’s  
Sections 

Section 1 
Section 3 

Section 2 
Section 4 

Section 2 
Section 4 

Section 1 
Section 3 

Section 2 
Section 4 

Section 1 
Section 3 

Dr. B’s 

Sections  
Section 5 
Section 6 

Section 7 
Section 8 

Section 7 
Section 8 

Section 5 
Section 6 

Section 7 
Section 8 

Section 5 
Section 6 

 
Testing Measures 
 
Pre-tests and post-tests were developed for each lab and given to all students. Using a matched-
pairs design, the change in grade (post-test – pre-test) will be recorded for each student and the 
overall section average were calculated to determine if a significant improvement was 
experienced by students in the sensor group versus the non-sensor group. Data collected during 
this semester is still being processed. 
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Deficiencies in Crossover Designs 
 
The two-treatment, two-phase crossover design is very commonly used in many types of 
research. Problems arise in the “carryover effect” that may be experienced by the participants. 
The carryover effect is the effect of a treatment that continues into the next treatment period. In 
the original 2X2 crossover design, carryover effects are confounded with all other effects and 
cannot be removed or separated from the analysis without considerable assumptions. In the case 
of this research, the carryover effect is learning itself.12 In this revised design, the continuation of 
the intervention to Phase 3 provides a mechanism for studying the carryover effect. Steps have 
also been taken to reduce the carryover effect: 
 

1. Predicted grade-point ratios are available for use as a pre-semester baseline measure. 
2. The labs focused on different phenomena, which may mitigate any “learning” effect the 

students may have experienced as it affects performance in other laboratories. 
3. End of semester grades are available to use as a post-semester measure.  

 
Findings 
 
Results from testing the laboratories in the Fall 2003 at Clemson University showed that students 
in the labs without electronic sensors did just as well as those using the electronic sensors. This 
finding would support what many other studies have shown—that good teaching is what matters 
most if all other things are held constant. This finding points to the critical need for faculty 
development—if educational design is more important than classroom technology, improving 
engineering education requires that a large number of faculty are supportive and informed about 
modern teaching methods. 
 
The Fall 2003 data did indicate that classes that were “behind” at the beginning of the semester 
seemed to “catch up” by the end of the semester, possibly indicating that the use of the sensors 
helped level the playing field for students who did not have the chance to work with quality lab 
equipment in their public school. 
 
Conclusions  
 
Data collected in Fall 2004 at Clemson and other test sites will add to the findings from Fall 
2003 that were published earlier. The experimental design of the EXPERT project is both 
statistically sound and educationally appropriate. The results of the study will establish the 
efficacy of using real-time sensors while controlling for variability due to individual preparation 
and ability, lab, instructor, and pedagogical style. The pre- and post-tests for the semester and 
each laboratory will be published along with the results of the study when available. 
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