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Abstract—Laboratory classes are valuable learning 

experiences and it is expected that students might acquire 

explicit and tacit knowledge or practical intelligence. This 

research has attempted to show the possibility of 

measuring practical intelligence that has not been assessed 

or measured in the past when evaluating different 

laboratory experiences for engineering students.  These 

results demonstrated that practical intelligence (PI) can be 

measured by calculating the difference between 

participants’ ratings and the experts’ ratings. In the other 

words, the participants possessed a high level of practical 

intelligence, close to experts. The results demonstrate that 

we can devise effective ways to measure practical 

intelligence acquired by engineering students from 

laboratory experiences.  
Keywords—practical intelligence; hands-on; experience; 

laboratory classes; assessment 

I.  INTRODUCTION 

For engineering students, experience in an engineering 
laboratory is an important [1]. By attending laboratory classes 
and handling (working with) the equipment, the students are 
likely to appreciate more details about its appearance and 
function.  With the high cost of traditional or hands-on 
laboratory classes and the need for flexible learning, there has 
been a trend towards providing online laboratory classes 
through remote or simulated access.   Online laboratory classes 
have been made possible by advancements in software and 
communication technologies [2, 3]. Evaluations suggest that 
these laboratory experiences are just as likely to enhance 
understanding of related concepts for which students have 
learned theory as traditional hands-on laboratory classes [4], 
though there are differences in the way that students experience 
on-line and simulation labs.  

In typical hands-on laboratory classes which we have 
observed, students are usually divided into groups of four or 
five people and they perform single exercise together. 
Sometimes, not every student has contact with or handles the 
equipment. In contrast, a remote access laboratory normally 
provides an opportunity for every individual student to run the 
laboratory remotely.  Although the aim of the laboratory is 
giving opportunities for students to learn and understand 

engineering concepts, we do not know what actually happens 
in a typical laboratory class.  Further, our current research on 
engineering practice is revealing that we have few detailed 
reports on engineering practice [2].  Therefore it is not easy to 
decide which laboratory experiences contribute towards a 
foundation for engineering practice.  We cannot be sure about 
what students will miss or gain when we move from hands-on 
labs to on-line labs or simulations.  

It is accepted that practical know-how is essential for high 
achievement in the workplace [e.g.5 - 7]. Furthermore, 
Sternberg and his colleague [10] proposed that this type of 
know-how or what they have called ‘practical intelligence’ is 
closely related to what Michael Polanyi [8] has called ‘tacit 
knowledge’, which it is not openly expressed or stated, and it 
usually is not taught directly. 

Our research on engineering practice confirms the 
importance of unwritten know-how.  Careful studies of 
engineering practice [e.g. 2] have revealed that extensive 
technical knowledge is needed.  Most of this knowledge is 
acquired after completing university courses and much of it is 
surprisingly basic.  For example, engineers need to know the 
components and materials used in their discipline as practiced 
within a given firm, at least to the extent that they can 
recognize components and understand what they are used for.  
Much of this knowledge is so relatively simple on the one 
hand, and so specific to a particular firm or industry sector on 
the other hand, that it would not be appropriate to attempt to 
teach it in university engineering courses.  However, students 
need to appreciate the significance of this ‘implicit’ knowledge 
or ‘practical intelligence’ in engineering practice.  However, 
since engineering courses restrict most assessment to explicit 
knowledge (the students have to write or speak to convey their 
knowledge), it is possible that the perceived relative value of 
practical intelligence and tacit knowledge may be reduced in 
the view of students.  This might help to explain why 
employers often criticize the quality of the practical skills of 
engineering graduates. 

Through their laboratory experience, we expect that students 

may acquire practical intelligence.  It is possible they may 

learn enough for troubleshooting: to be able to detect and 

solve problems or diagnose faults in the equipment.  This 

experience develops either intentionally or unintentionally and 
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we hypothesize that unintentional learning is an important 

aspect of laboratory work [9].  While laboratory classes have 

been evaluated previously by assessing explicit knowledge (in 

reports and test answer scripts) and through student opinion of 

the laboratory class experience [4], we have not been able to 

find any measurements of unintentional learning such as 

‘practical intelligence’.  The question is, do the students who 

gain experience during their laboratory classes possess a high 

level of implicit and tacit knowledge gained through 

unintentional learning which might allow them to diagnose the 

faults of equipment. Therefore, in this study, we examine 

unintentional learning through experience of laboratory work 

and the subsequent ability to diagnose equipment faults. 

II. THEORETICAL BASIS 

A. Laboratory ‘Hands-on’ Experience 

One of the most important factors in forming engineering 

graduate qualities is the practical component of the 

engineering curriculum [1].  Laboratory classes are valuable 

learning experiences, which can be used in an attempt to teach 

the link between practical skills and theory effectively. Work 

in the engineering laboratory environment provides students 

with opportunities to validate conceptual knowledge, to work 

collaboratively, to interact with equipment, to learn by trial 

and error, to perform analysis on experimental data, and how 

to operate tools and equipment safely.  Webb [11] wrote that 

the underlying reason for the value of laboratory classes is that 

they are a fundamentally different context for the students’ 

learning.  In a laboratory class, their environment is different 

compared to other learning modes, such as lectures or 

tutorials. Students engage with real hardware, components and 

materials.  They embed their learning into a different context, 

and construct different knowledge as a result. 

There has been a long debate on whether new technologies 

can replace conventional methods of delivering laboratory 

classes. It is clear that the choice of laboratory technologies, 

i.e simulation or remote laboratories, could change the 

economics of engineering education, and it is also clear that 

changing the technology could change the effectiveness of 

education [4, 15].  Researchers advocating hands-on labs think 

that engineer needs to have contact with the apparatus and labs 

should include the possibility of unexpected data occurring as 

the result of apparatus problems, noise or uncontrollable real-

world variables [e.g. 15].  Simulation advocates often begin by 

invoking the spectre of cost and point out that hands-on 

laboratories take-up space, impose time and location 

constraints. Many educators claim that simulation is not only 

cheaper, but it is also better, in that more laboratories can be 

conducted than with hands-on laboratories. 

In contrast, a serious concern was that valuable practical 

experience would be lost by using a simulation [16].  For 

example, Dobson, Hill et al [16] point out that proficiency in 

the use of basic equipment such as oscilloscopes and signal 

generators is an important skill for engineers. Handling real 

components, and taking the necessary precautions when 

circuit-building, are important abilities.  For instance, the need 

to connect a power supply correctly reinforces the differences 

between active and passive components in a way which is lost 

on the simulator.  Finally, there was a concern that students 

would place a large premium on the use of real equipment, 

and that the place of practical work in helping to bridge the 

gap between theory and reality may be lost [16]. Although the 

debate continues on the best methods for delivering laboratory 

classes, researchers generally advocate both modes and agree 

on the importance of gaining experience through hands-on 

laboratory work and express concern about the loss of 

valuable practical experience resulting from increased use of 

simulation and on-line labs.  

B. Experience @ Practical Intelligence 

The concept of experience through unintentional 
knowledge is closely related to the concept of skills, used 
mostly to describe practical know-how [10] and is gained 
through practical experience in various contexts. For instance, 
Sternberg and his colleagues [10] explored implicit knowledge 
in academia as practical intelligence, and they insisted that in 
order to succeed in academia, a person needs expert knowledge 
of that kind of environment. In the daily environment, many 
problems are tackled by using practical intelligence, which 
emphasizes procedures or “knowing how,” but for a formal 
academic environment, academic knowledge is considered as 
“knowing what”.  Sternberg et al. [10] describe practical 
intelligence as "a person's ability to apply the components of 
intelligence to everyday life".  It is based on procedural 
information relevant to one's daily life [11]. 

Practical intelligence seems to be acquired through 

experience.  Kolb [12] provides four stages of experiential 

learning:  

 active experimentation,  

 concrete experience,  

 reflective observation, and 

 abstract conceptualization.   

Ideally all these should be incorporated in the practical 

exercise.  When a practical exercise incorporates these stages 

placed in a sequence, Kolb predicts effective learning-by-

doing [12, 13].  Hence we could predict that through learning-

by-doing processes, the students will develop their critical 

thinking and awareness of the equipment faults in their 

working environment.  However, in practice, many laboratory 

classes have no clearly defined learning objectives and those 

that do often provide objectives that cannot be readily assessed 

[6] and most display relatively scant attention to pedagogy.  

Therefore, one can argue that while there is potential for 

structured experiential learning, the absence of design 

suggests that acquisition of practical intelligence will be a by-

product of laboratory class experiences rather than an 

intentional outcome.  For this reason, we define ‘unintentional 

learning’ as the process by which practical intelligence is 

acquired in laboratory classes, outside and beyond the stated 

learning objectives. For example, in one of our survey 

questions, students are asked why we do not tighten a nut too 

hard.  The knowledge for this question is likely to have been 
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learned without direct instruction but develops through 

observation, ‘trial-and-error’ experience, and mistakes.  

C. Argument on Predicting Performance 

Psychologists have debated the merit of tacit knowledge 

testing instruments for predicting job performance.  This 

debate has been driven by the search for psychometric tests 

that can better predict the performance of a potential employee 

being recruited for a particular occupation.  Proponents of 

general intelligence as the best predictor of job performance 

[e.g. 16] argue that practical intelligence is simply the result of 

on-the-job learning.  General intelligence is the best predictor, 

they argue, of the ability to learn, and fast learners will acquire 

job-specific knowledge faster.  On the other hand, proponents 

of practical intelligence and tacit knowledge measurement 

argue that personality tests in combination with practical 

intelligence measurement provide a more accurate predictor of 

ultimate job performance.  Job specific tests are expensive to 

research and create and still require high levels of cognitive 

ability to comprehend the questions correctly.  Testing 

practical intelligence is still not widely accepted as a 

recruitment selection tool. 

D. Argument on Predicting Performance 

In this paper, however, the author is not attempting to make 
forward predictions on the basis of practical intelligence 
measurement.  The author only wishes to measure the 
acquisition of practical intelligence in a relatively constrained 
situation, a sequence of planned laboratory experiments. 
Psychologists prefer economical testing instruments that can be 
readily provided and evaluated with computer systems: the test 
questions and structure embodies sufficient expertise so that 
the result is expressed as a single numerical score.  

A typical practical intelligence testing instrument consists 

of between 5 and 20 hypothetical situations described by text 

and diagrams, and closely related to the context in which the 

practical intelligence would be applied.  Between 5 and 15 

response items follow each description.  Each response item 

suggests a potentially appropriate course of action in response 

to the situation described.  For example, presented with a 

description of a circuit which is not operating correctly, the 

response items might be: 

 replace the multimeter 

 check the connection between the multimeter 

leads and the testing points 

 replace the multimeter leads 

 check the colour codes on the resistors to ensure 

they have been chosen correctly 

 check the power supply connections to the circuit 

 check that the power supply is switched on 
The response items are obtained through semi-structured 

interviews of experts in the particular domain.  Alternatively, if 
the instrument designer is sufficiently expert, the response 
items can be generated directly.  In some testing instruments 
the response items are deliberately constructed to be incorrect 
or distorted application of simple rules of thumb. In the test 
instrument, each response item has a rating scale (typically 1 = 

low to 7 = high).  Participants are asked to rate the importance 
of each item. 

A set of reference scores is obtained by asking a number of 
experts to provide their ratings and calculating an average 
rating each item from the experts.  In an alternative approach, 
groups of experts, intermediates and novices provide their 
ratings and their scores are correlated with a measure of their 
expertise (3 = expert, 2 = intermediate,   1 = novice). After this 
calibration step, the test is scored by calculating the square of 
the deviation in the respondent’s rating relative to the average 
scores provided by experts. 

III. METHODOLOGY 

A. Research Hypothesis 

The aim of this research is to develop ways to test changes 

in practical intelligence in order to assess unintentional 

learning classic implicit knowledge in engineering laboratory 

classes.  In other words, the author wish to develop ways to 

measure the experiential and "hands-on" component of 

learning laboratory classes.  Troubleshooting and diagnosing 

faults in equipment has been suggested as a task that requires a 

high degree of practical intelligence and tacit knowledge.  

Therefore, the proposed hypothesis to be tested: 

 

H1: “The change in practical intelligence in engineering 

students measured in the context of fault diagnosis resulting 

from a structured sequence of laboratory classes is statistically 

insignificant.” 

 
If we can prove that the hypothesis is false with a high 

degree of probability, then we can be confident that laboratory 
classes influence practical intelligence in the context of 
diagnosing faults in the relevant equipment, and that this 
change in practical intelligence can be measured and assessed.  
The measuring instruments would then provide a powerful new 
means to assess the effectiveness of engineering laboratory 
classes and also to measure differences between hands-on, 
simulation and remote laboratories. 

B. Observation and Informal Interviews 

The first step in this study was to observe the behavior of 

students in the laboratory classes.  We observed the students 

individually during the experiments and interviewed them 

informally after they had completed their assigned tasks.  

Through the observations and interviews, we predicted that the 

students would gain unintentional experience and knowledge 

when they were doing the experiments.   

For example, one of the instructions students had to follow 

was to strip both ends of a green wire.  First they had to cut 

the wire in half, one half for an antenna and the other for a 

ground connection.  The students could request pliers from lab 

demonstrators because they were not provided in the first 

instance.  The author noticed that some of the students used 

their creativity to strip ends of wires; they used a cutter to cut 

around the insulation and pull it off.  One of the students used 

an alligator clip to pierce the insulation and tried to pull it off.  
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Other students used their teeth to cut and pull off the 

insulation.  Some of the students were able to use pliers to 

strip both ends of the wires.  Many students asked lab 

demonstrators to show them how to do that.  (We noted that 

the laboratory supervisor had perhaps overlooked providing 

purpose-designed wire stripping tools.) 

Sample Question: 

“Do you know how to strip the wire ends?” 

Responses: 

Student 1:  “It was difficult to do that. I used a cutter, but 

always cut the whole wire.” 

Student 2:  “I tried to cut and slice the insulation carefully, 

because the wires were too small.” 

Student 3:  “I used pliers, gripped the insulation tight enough 

to pull it off.” 

Student 4:  “I couldn’t do that, the lab demonstrator helped 

me.” 

Student 5:  “I used my teeth to cut the insulation and pull it 

off.” 

Students 6-9 (with minor variations):  “I had to use pliers; it 

was easy to strip the wires.” 

Following the observations and informal interviews, we 

concluded that some of the students had previous experience 

of wire stripping.  Students 3 and 6-9 come into this category.  

Other students seemed to have no prior experience (or 

recollection).  Therefore we can conclude that students may 

already have relevant practical intelligence.  In order to 

determine the extent of unintentional learning we need to 

assess practical intelligence before and after the laboratory 

class experience.   

C. Practical intelligence involve in the experiment tasks 

During the experiments, the students had to follow the 

sequences or direct instruction in the experiment handout 

presented as explicit knowledge. At the same time, without 

necessarily realizing, they had to use their practical 

intelligence. Figure 1 shows an example of the practical 

intelligence involved in the task of stripping the wire ends. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Practical Intelligence (PI) in the task 

 

 

 

D. Practical Intelligence Testing Instrument 

The Figure 2 shows a simple example of situation or 

problem is wire stripping.  The students were asked to rate the 

appropriateness of different methods and tools for stripping 

insulation from wires.  

 

                        
Plastic    Single metal core 

 
Figure 2: close-up photograph of a piece of connecting wire used in the 
laboratory tasks. 

 

The response items included different types of pliers, using 

one’s teeth, scissors and several professional wire stripping 

tools. Figure 3 shows example a part of online Practical 

Intelligence Survey (consists of situation and response items), 

whilst Figure 4 shows example of selected response items. 

Most of the response items consisted of small illustrations to 

reduce issues with language comprehension.  We have found 

that it is not easy to comprehend the basic level of knowledge 

(or lack of it) faced by students, including knowledge of 

common technical terms 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Example part of Practical Intelligence Suvey 

 Lab Handout– an instruction to students to strip wire ends.  

 Experiment instruction guide does not explain how to strip wires. The 

students did that by trial and error, through previous experience or following 

the example of their friends. (acquiring practical intelligence, PI) 

 

PI : How to use a cutter to cut around the insulation (cut only the 

insulation material, not the whole wire) 

PI : How to use pliers to pull off the insulation (grip the insulation 

tight enough to pull it off. If too tight, it will grip the wire and the 

insulation won’t pull off). 

 

PI : How to cut the insulation and pull it off? For example, 

the students used a cutter and pliers. 

PI  How to hold the cutter or pliers properly. 
 

PRACTICAL INTELLIGENCE… 
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E. Methodology 

 The survey instrument was used to test a large number of 
students (n=139) before and after they performed the relevant 
laboratory experiment tasks (the experiment group).  The pre-
test and post-test surveys contained the same problems and 
response items.  However, the order of problems and the order 
of the response items were changed for the post-test.  A control 
group (n=100) was recruited from a similar population of first 
year students who were due to enroll in the same unit in the 
following semester.  The control group completed the pre-test 
and post-test surveys twice with a similar elapsed time between 
exposures, but without completing the laboratory task.  Seven 
domain experts such as laboratory demonstrators and 
electronics technicians provided reference scores as mentioned 
above. 

 

 

 

 

 

 

Figure 4: Example of selection of images used for response items for wire 
stripping. 

IV. RESULTS AND DISCUSSIONS 

A. Resukts 

The results of this investigation shows in Table 1 

demonstrated that the original null hypothesis was false. These 

results demonstrated that practical intelligence (PI) can be 

measured by calculating the difference between participants’ 

ratings and the experts’ ratings. The detailed results are as 

follow: 

 

TABLE 1: RESULTS OF PRACTICAL INTELLIGENCE TESTS 

 
No Analyses Mean (close 

to experts’ 

mean = 0) 

Std. 

deviation 

Sig. (2 

tailed) 

 

1 

Pre-test 

(treatment vs.  

control) 

 

113.3 

128.7 

 

35.34 

36.15 

 

p = 0.078 

 
2 

Treatment group 
(pre-test vs. 

 post-test) 

 
113.3 

68.3 

 
35.34 

18.95 

 
p = 0.000** 

 
3 

Control group 
(pre-test vs.  

post-test) 

 
128.7 

119.3 

 
36.15 

33.80 

 
p = 0.076 

 
4 

Post-test 
(treatment vs.  

control) 

 
68.3 

119.3 

 
18.95 

33.80 

 
p = 0.000** 

** Significant at the 0.01 level (2-tailed). 

B. Discussions 

Based on the Table 1 above,  

1. Both groups had the same level of initial PI as indicated 

by the pre-test scores.  

2. There is a significant difference for treatment group, with 

an increment in the post-test close to experts’ mean score. 

Data of standard deviation also shows that the spread of 

data point tends to be closed to the experts’ score. The 

results suggest that, the treatment group is expected to 

acquire practical intelligence by performing laboratory 

tasks. Thus they were able to perform better in the post-

test. 

3. In contrast, for the control group, there is no significance 

difference between the pre-test and the post-test scores. 

Even though, there was an increment in the post-test 

score, the difference is not statistically significant. The 

results suggest that the intervening course work on other 

unrelated studies does not contribute toward PI 

improvement. 

 
Further research on the relationship between Practical 

Intelligence vs. ability of diagnosing equipment faults  showed 
a novel relationship (Figure 5).  The score of the fault diagnosis 
test is proportional to the practical intelligence score, the higher 
the practical intelligence score, the higher the fault diagnosis 
score. Therefore the results suggest that PI scores predict 
ability to diagnose equipment faults in similar laboratory 
equipment.  

 

Figure 5: Results of practical intelligence (PI) proportional to fault diagnosis 

V. CONCLUSIONS 

The results demonstrate that the author can devise effective 

ways to measure practical intelligence acquired by engineering 

students from laboratory experiences. This would provide a 

third means to evaluate engineering laboratory class 

experiences, beyond the established methods of comparing 

student performance in explicit assessment tasks (e.g. reports, 

tests) and measurement of student perceptions of their 

laboratory experience. The study on fault diagnosis provided a 

clear relationship demonstrating the possibility that practical 

intelligence predicts fault diagnosis ability.   
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Constructing a survey instrument was not an easy exercise. 

The author was surprised by the relative lack of practical 

knowledge demonstrated by the students and it was not easy to 

construct a test which would result in meaningful scores. It is 

possible that the author may be able to alter student learning 

behaviour by including practical intelligence tests in 

assessment processes.  It is well known that assessment 

practice drives student learning behavior [13].  The testing 

may motivate students to acquire the ability to learn practical 

intelligence which could ultimately make them more effective 

as practicing engineers. It is possible that they will learn to 

value the practical intelligence and possibly relate better to 

tradespeople and technicians on whom engineers need to rely 

to achieve practical results from their work. 
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