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Abstract: Assessment of engagement of students relies heavily on self-report by students
or time-consuming visual observations. This research project describes an acoustical
measurement of engagement and reports findings of an exploratory study on acoustical
patterns of engaged students in team, lecture and informal learning settings.

Introduction and context of the study
With a call for more teamwork and collaborative learning methods in engineering and other
disciplines, the teaching community faces challenges on how to rigorously assess students’
engagement during learning sessions (lecture, team, laboratory). Existing assessments can be classified
into four categories: (1) Assessment by proxy: the end product exceeds the set of criteria and
expectations; therefore the input of the students must have been of a similarly high quality; (2) Selfreported data from team members – after the fact – in which team members rank each other and
themselves on a variety of different criteria; (3) Ethnographic (immersive settings) and (4)
Observational methods, from anecdotal/unsystematic observations to validly constructed observation
protocols. It can be argued that the more rigorous, objective, and real-time, the more time and resource
intensive the assessment.
This research project (BUZZ) seeks to develop a model of measurement of learning and
engagement in physical social spaces. The developed model will be acoustics-based. In its ultimate
form, this research will be able to describe and evaluate engagement and learning by analysing the
sound and the acoustics of the social space in which it occurs.
The second objective of this paper is to contribute an additional aspect to the landscape or
ecology of engineering education: The most widely utilized conceptualization (as evidenced by the
increasing number of rigorous research literature) would argue that engineering education is the
adaptation and utilization of educational research methodologies in the different disciplines of
engineering. The relationship with education, however, can also be seen as bidirectional, in which
engineering education is seen as contributions of technical engineering research to the many aspects of
the educational systems. This paper makes a case and a contribution for the latter.

Research questions
The research is driven by the following questions: (1) How do the acoustics and the sound of
an engaging social interaction of students differ from the acoustics/sound of a less engaging
interaction? (2) What are acoustic characteristics of physical spaces with a high affordance of
interaction? (3) How feasible, reliable and valid is a model of acoustics measurement of social spaces
of learning and engagement?
Specific hypotheses are: It has been observed, but not quantified, that there is a correlation
between student-generated ‘noise’ and their level of engagement in a learning environment. Lack of
noise may also correlate to the level of student engagement and has been observed to occur during
periods of high one-way engagement. This study proposes to quantify this correlation and validate the
acoustical data via an observation-based model. By making audio recordings of lab and lecture activity
while concurrently observing and recording student engagement events, the researchers aim to
produce a viable acoustics- and observation-based model of student engagement.
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Theoretical frameworks
It has been long accepted that attention is required for successful learning of any given
information, task, or skills (Andre, & Phye, 1986; Atkinson, & Shiffrin, 1968; Grabe, 1986; Kulhavy,
Schwartz, & Peterson, 1986). However, attention is a necessary but not a sufficient variable in the
equation of effective learning. Recent views on this particular topic have shifted from attention to
student engagement, which is a more inclusive variable, to better address the complexity of learning.
According to Appleton et al. (2006), Fredericks, Blumenfeld, & Paris (2004), Skinner and
Belmond (1993) and Klem and Connell (2004), student engagement consists of multiple components,
which are behavioral, emotional, and cognitive:
• Behavioral engagement: time on task, intensity of concentration and effort, tendency to stay on
task, propensity to initiate action when given opportunities, participation;
• Emotional engagement: enthusiasm, optimism, curiosity, valuing learning, interest versus
boredom, happy versus sad or angry;
• Cognitive engagement: self-regulation, goals, and understanding of the reason and the importance
of the task to be done.
The relationship between engagement and effectiveness of learning has been discussed and
emphasized by numerous researchers (Ahlfeldt, Mehta, & Sellnow, 2005; Appleton, Christenson, &
Furlong, 2008; Harris, 2008; Newmann, 1992). This notion has also been supported by empirical
studies (Fredericks, Blumenfeld, & Paris, 2004; Furrer, Skinner, Marchand, & Kindermann, 2006;
Klem & Connell, 2004), either in terms of students’ participation in school activities in general or
during classes specifically. For example, Voelkl (1995) examined the relationships between teacher
support, student participation, and academic achievement with a sample of 13,121 eighth-grade
students attending public schools. She found that students’ participation in class played a prominent
role in their academic achievement.
Several approaches exist to measure student engagement in classroom: Appleton and
Christenson (2004) constructed the Student Engagement Instrument (SEI). The SEI contained 30 items
that were designed to measure the level of cognitive engagement and 26 items measuring
psychological engagement. Other means to measure student engagement also include checklist, rating
scales, and direct observations (see Chapman 2003 for details). However, among the studies in the
area of measuring student-class engagement, the most commonly used measures, according to
Chapman (2003), are self-report, including student response systems which have been used to provide
information in real time about students’ class engagement, such as Student Response System (SRS)
(Blood & Neel, 2008) or Group-Response Technology (GRT) (Foegen & Hargrave, 1999).
Self-report or teacher-observation/report could provide valuable data for assessing the level
and types of student engagement during class activities or lecture. Yet, it could be skewed by the
reporter’s subjective perception or observer’s own interpretation of the behaviours of the students
being observed. More objective means are needed for providing a reliable and consistent measurement
of student class engagement. Moreover, using teacher observations, rating scales, or self-report for
gathering student engagement information may not be realistic in most college classes, especially the
large sized lectures that often have more than 100 students. While instruments to capture engagement
during human-computer interaction activities exist (Bulger et al., 2008), no tools exist in a face-to-face
classroom to provide the instructor with the student engagement data in real time.

Methodology
The research employed a mix-method study, relying on visual observation of engagement and
quantitative analysis of events and non-events of engagement. The research team chose two different
settings for measurement: (1) A large lecture hall in a psychology classroom (capacity 400) and (2) An
engineering project computer laboratory serving teams and individuals.
The research team conducted two types of data collection, visual and auditory. A welldescribed and rigorously tested observation protocol (Van Amburgh, 2007) was used for visual data
collection and was expanded to include a timestamp field. The instrument was utilized to capture times
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of engagement and classify the type of engagement based on the instrument’s categories of active
learning. With a synchronized stopwatch, the event times were marked and later used in the analysis
phase to retrieve the audio recordings of the event.
An acoustical recording was set up in parallel to visual observations. An Audio-Technica
AT8010 microphone was chosen as the receiver for its omnidirectionality, wide frequency response
(20 Hz – 20 kHz), and low cost. The microphone was set up in an unobtrusive location with the intent
of capturing all activity in the room equally. This microphone was routed onto Audacity on a laptop
computer for lossless data storage. Audacity is a free audio recording program which allowed audio
files for each recording session to later be cut into events as recorded on the observational data sheets;
non-events were chosen during times when no engagement was observed.
The occurrence of an event was determined subjectively. If an observer witnessed a marker of
student engagement, the time, length, quality, and degree of the event would be noted. An engagement
event was identified as a spike or lull in noise levels, or a change in the quality of communication that
the observer determined to be correlated in some way with student or team engagement.
The development application Laboratory Virtual Instrumentation Engineering Workbench
(LabVIEW) by National Instruments was used to extract data from the audio recordings. A pre-built
application (Getting Started with SV Express VIs) was used to analyze the audio files created from the
event recordings. The 1/3rd octave sound power graph displays the sound power at each 1/3rd octave
band between 20 and 16000 Hz. This portion of the application was modified to export the frequency
and sound power data points to a text file. The band power calculator returned the sound power in
decibels for any defined frequency range.
The band power calculator was used to obtain the band power in five frequency ranges: 20512 Hz, 512-2048 Hz, 2048-20000 Hz, 512-1024 Hz, and 1024-2048 Hz. These frequency bands were
chosen based on the known frequency characteristics of human speech. Speech intelligibility requires
frequencies between 512-2048 Hz, meaning speech sounds created by humans primarily occur in this
region. Based on this knowledge, the five frequency ranges provide sound power data below, in, and
above the frequency range of human speech.
After the audio files were divided into frequency bands in LabVIEW, the raw frequency data
was imported into MATLAB for normalization, averaging, and plotting. Normalization was required
to establish a consistent level between recording sessions because the microphone was not calibrated
prior to making recordings.

Findings and conclusions
Four recordings were made with concurrent observations and a total of 38 events and 17 nonevents were identified and analyzed. One recording was made in a lecture hall and three were made in
an engineering project computer laboratory. Preliminary results show a level variance between
engagement events, particularly when comparing acoustic characteristics within the range of human
speech. This is expected, as student engagement is often accompanied with student-generated noise.

Figure 1: Average event and non-event levels in frequency bands below, within, and above the
approximate range of human speech
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Figure 1 (all events and non-events averaged) shows that events produced greater levels in the
frequency band of human speech than non-events. This is particularly interesting considering that nonevents were not exclusively silent, but could contain high levels of human-produced sound such as offtopic conversation, a movie, or a loudly speaking instructor in the classroom.
Figure 2 details all 38 events and 17 non-events, showing the normalized, time-averaged level
of each. While events are more likely to range at higher levels particularly around the human speech
frequencies, there is a strong compression and pattern building in which events and non-events cannot
be distinguished; several non-events show similar high levels at the same frequency bands. These
findings would indicate that although events are discernable on average, to detect individual events
seems more difficult. A more targeted analysis was needed.

Figure 2: Average event (black) and non-event (blue) levels - normalized from each recording
Focusing on individual events, one is shown in Figure 3, and non-events (Figure 4) as they
change through time produces new insights. Some events demonstrated considerable variance in the
human speech frequency range as compared with non-events from the same recording. Because some
non-events had activity in the speech range, the researchers attempted to quantify the degree of this
activity to clearly differentiate the events and non-events.

Figure 3: Engagement event from a computer lab recording

Figure 4: Non-event from a computer lab recording
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Further focusing the range of analysis, peak levels of events and non-events within the human
speech range 500 – 2500 Hz were compared (for each event and non-event, the peak level within the
frequency range was found at each time interval and compared to the average peak level). To quantify
the variation within the speech range, the standard deviation of the peak levels from the average level
was calculated for each event and non-event from one of the computer laboratory recordings (Table 1).
This allows a comparison of the variation in level for each event and non-event. Engagement events
were found to have a greater standard deviation of peak levels within the human speech range overall
than non-events, suggesting that the quality of activity is different between events and non-events.
Table 1: Standard deviation of peaks of events and non-events within human speech range
Event 1
Event 2
Event 3
Event 4
Event 5
Event 6
Event 7

1.80
2.66
3.78
3.32
3.42
4.51
5.55

Non-event 1
Non-event 2
Non-event 3
Non-event 4
Non-event 5
Non-event 6

2.38
2.19
0.88
2.30
2.58
2.18

Recommendations and future research plans
We identified several directions for future research: For simplification, the events and nonevents from each session were averaged to provide one curve for each type of observation. This
allowed for easy comparison between recordings. Some analysis was done with higher resolution; that
is, a few events were chosen to be observed individually, and this analysis could be expanded to
include more events and non-events. Furthermore, weighting factors may need to be applied when
considering the quality or degree of an engagement event, or events will need to be re-examined to
determine where the greatest levels of student engagement occurred.
In addition, it might be essential to determine which type of engagement in which type of
learning setting is more prone to detection with our acoustical measurement process in real-time.
Similarly, more granular research is necessary to be able to confirm in a full experimental setting the
reliability of the measurement.
At this point, the research team welcomes feedback and advice on future directions, different
approaches and additional frameworks and methodologies.
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