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Prior research studies have extensively used different classroom observation protocols to identify
the characteristics of the lecture and instructional methods used by course instructors, to observe
student and instructor behaviours, to evaluate the fidelity of certain implementations, and to under-
stand classroom dynamics. This systematic review provides a synthesis and comparison of the fea-
tures and dimensions of commonly used observation protocols in postsecondary (undergraduate or
college) classrooms. This study identifies eight observation protocols, which are: Reformed Teach-
ing Observation Protocol, Oregon Teacher Observation Protocol, VaNTH Observation System,
Cooperative Learning Observation Protocol, Teaching Dimension Observation Protocol, Class-
room Observation Protocol for the Undergraduate STEM, Classroom Interactive Engagement
Observation Protocol, and Student Resistance and Instructional Practices. Based on 35 articles
included in the full review, we present an overview description of each protocol. Further, we
describe the strength and limitations of these protocols using deductive thematic and content analy-
sis. Also, we evaluate these protocols by using the assessment triangle approach. The study
advances the existing literature by providing usability details and suggestions to use each protocol.
This review study also enhances the literature in science, technology, engineering and mathematics
(STEM) education as the first study that evaluates all these observation protocols and provides a
reference point for future researchers.

Keywords observation methods, observation protocols, postsecondary classrooms, STEM edu-
cation, systematic review.

Introduction

Education studies have extensively explored the effectiveness of evidence-based
instructional practices and reforms on science, technology, engineering, and mathe-
matics (STEM) courses (Borrego & Henderson, 2014). The increased focus resulted
from national calls for improvement in STEM education, instructional practices, and
students’ quality (e.g., ASEE, 2012; PCAST, 2012). To ensure the implementation
and demonstration of evidence-based practices, researchers identified various meth-
ods to evaluate students’ behaviours and instructional practices (AAAS, 2013). Com-
monly used methods include conducting course evaluations or performance
assessments, surveys and rubrics, observing classes, writing detailed narratives of
classes (field notes), videotaping or recording lectures, peer observations for

Corresponding author. Saira Anwar, Department of Engineering Education, University of Florida,
Nuclear Science Building, Gainesville, IN 32611, USA. Email: sairaanwar@ufl.edu

© 2020 British Educational Research Association


https://orcid.org/0000-0001-6947-3226
https://orcid.org/0000-0001-6947-3226
https://orcid.org/0000-0001-6947-3226
https://orcid.org/0000-0002-5547-5455
https://orcid.org/0000-0002-5547-5455
https://orcid.org/0000-0002-5547-5455
mailto:
http://crossmark.crossref.org/dialog/?doi=10.1002%2Frev3.3235&domain=pdf&date_stamp=2020-10-20

82 S. Anwar and M. Menekse

feedback, faculty/student interviews, and student outcomes (Berk, 2005). However,
researchers advocate using observations over other methods as a more comprehensive
method for classroom practices, teaching evaluations, and empirical research (e.g.,
Pianta & Hamre, 2009).

Broadly speaking, in classroom observations, researchers make notes of instructors
and student behaviours in real-time, or from a videotaped/recorded lesson (Hora,
2015). However, it is vital for effective and reliable observation to use an appropriate
tool or observation protocol which provides reliable data (Hora, 2015). Also, the
observation protocol should have the capability to capture the research’s theoretical
perspective (Lund ez al., 2015). For example, the protocol may capture details of
effective teaching, classroom dynamic, student behaviours, instructional methods,
and student-teacher interactions (Ebert-May ez al., 2011).

Studies have used observation protocols in classroom settings across postsecondary
(includes universities, colleges, and trade or vocational schools) and K-12 (kinder-
garten to 12 grade) grade levels (e.g., Sawada et al., 2002; Tolentino et al., 2009;
Campbell er al., 2010; Whiteside ez al., 2010; Amrein-Beardsley & Popp, 2012).
These observation protocols can be broadly classified into two broad categories: (1)
open-ended observation protocols, which are unstructured accounts of observer’s
detail notes), and (2) structured observation protocols, which are designed with a set
of predetermined and defined statements (Pretzlik, 1994).

While prior research studies emphasised the importance of observation protocols,
less information is available to decide which protocol is most suitable for any given
context. This selection of appropriate protocol is particularly difficult due to each
protocol’s embedded goals and unique features. For example, some protocols focus
on documenting the students’ engagement and resistance; others may only capture
the instructors’ teaching strategies. Also, as these protocols are contextually designed
(for a particular setting, grade-level, and with some STEM disciplines), it is impor-
tant to have a complete understanding (Wainwright et al., 2003). Studies have not
focused on categorising these protocols based on different research perspectives,
observation categories, contextual differences, and validity of protocols (Wainwright
et al., 2003). The lack of understanding and knowledge of specific goals and unique
features of protocols make the selection harder for researchers. A limited research has
focused on comparing the observation protocols and their features. Also, scarcity of
literature evaluates the validity of available protocols, which is an important aspect of
researchers’ decision to use the protocol.

Considering the need to evaluate and compare different observation protocols
based on multiple factors, we focused on developing an understanding of the most
commonly used structured protocols in this systematic review. We focused on the fea-
tures of commonly used observation protocols and synthesised the literature on com-
mon ways the protocol was used. This literature review is conducted with two goals:
(1) to provide a unified point of contact to future researchers, which aids in the
understanding of a comparative view of different observation protocols; (2) to present
empirical evidence about the validity of the protocols. We believe that this literature
review will help the researchers to decide which protocol to use, based on their needs.
More specifically, the following questions guided the study:
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RQ1) What are the most common classroom observation protocols designed for
postsecondary classrooms?

RQ2) What are the primary purposes, strengths, and limitations of each protocol
used in postsecondary classrooms?

RQ3) What principles were used to validate each observation protocol?

This review paper on observation protocols covers those protocols published dur-
ing 1990-2020 and used in a postsecondary undergraduate STEM context. More-
over, as the student-faculty ratios have significantly grown over the past decades in
most STEM courses, resulting in large class sizes, we focused on the observation pro-
tocols that have been used in large lectures. Considering the need for the research
goals and questions, we used a systematic review approach and classified 35 studies.
In each paper, we analysed the context, validity, and usage details of an observation
protocol. Further, we synthesised these observation protocols on their characteristics,
strengths and limitations. This review also evaluates protocols based on their validity
and reliability using a standardised method of assessment triangle.

Literature review

Prior research studies have indicated the focus of policymakers and national reforms
towards understanding the link between classroom practices and students’ outcomes
(Pianta & Hamre, 2009). For a reliable understanding of these links, researchers have
focused on research tools, including classroom observations (Hora, 2015). The class-
room observations helped researchers document instructional practices, and stu-
dents’ experiences towards various teaching methods (Hora, 2015). Over the years,
one common mechanism of conducting classroom observations is through the use of
observation protocols (Pretzlik, 1994). Initially, these techniques were more rigor-
ously used in K-12 settings (e.g., Pianta & Hamre, 2009). However, increased
emphasis on postsecondary instruction (e.g., PCAST, 2012) resulted in the design
and use of observation protocols in postsecondary (undergraduate, college or voca-
tional) STEM courses.

Education studies have extensively used observation protocols to explore students’
in-class behaviours, instructors’ teaching strategies, classroom dynamics, and assure
the fidelity of implementations (Ross et al., 2004; Huntley, 2009). Prior research
studies have described various classifications of the observation protocols. For exam-
ple, these protocols can be divided into types according to the nature of their record-
ing. Also, these observation protocols can be categorised based on the nature of the
questions in the protocol.

Based on the type of recording, the observation protocols can be divided into two
types: (1) holistic protocols, which require the coding of each item for the entire class
period, and (2) segmented protocols, which require evaluating each item in time seg-
ments (AAAS, 2013). Further, the observation protocols can generally be classified
into two broad categories: (1) open-ended observation protocols (unstructured), and
(2) structured observation protocols (Pretzlik, 1994). The usage of these two types
was mostly dependent on the research questions, the paradigm of the study (Mulhall,
2003; Smith ez al., 2013), and the researchers’ philosophy (Mulhall, 2003).

© 2020 British Educational Research Association

1) SUORIPUOD PUe SLIB L 3L 885 *[7202/60/T2] U0 ARiqIT8UIIUO A8|1M ‘SB1RIqIT AISIBAIUN Yoe L Sexe L AQ SEZE"ENBI/Z00T OT/I0p/LI0D" A3 |IM Aeiq 1 pUIIUO'S N0 [e18a/SA1Y W14 pepeojumod ‘T ‘T20Z ‘€T996Y0C

fonmAriqipul]

19))

85UB01 SUOWILLIOD 3ARER1D 3 |qedtjdde 3y Aq pausenob ae SSpie WO 8sn JO S3|NnJ 10y Aiq1T8UljUQ A3|IM UO (SUORIPUOD-P



84 S. Anwar and M. Menekse

The open-ended or unstructured protocols were developed and used based on the
importance of context, situation, and co-construction of knowledge in research (Mul-
hall, 2003). Such protocols provide autonomy to the observer. Consequently, these
protocols were often used by the proponents of interpretivism and naturalistic para-
digms (Mulhall, 2003). The observer can provide comments on the situation, envi-
ronment or behaviours of the participants (Millis, 1992; Parahoo, 2014). The
observer role is defined as attending the setting, taking notes, and responding to
open-ended questions (Smith ez al., 2013). These methods are best used to analyse a
particular situation, provide feedback, or study the detailed accounts of participants’
behaviour, attitudes and experiences (Mulhall, 2003).

Alternatively, researchers often used structured protocols following the positivistic
approach (Mulhall, 2003). These protocols are standardised tools and designed with
a set of statements or a set of predetermined codes. These tools are based on specific
taxonomies derived from a known theory (Mulhall, 2003). In general, structured pro-
tocols are designed to evaluate the occurrence, frequency and intensity of a particular
behaviour or characteristic (Parahoo, 2014). The observer role is to make judgements
by giving a value (e.g., Likert scale-based values) or to assign a specific code to the
occurrence (Smith ez al., 2013; Parahoo, 2014). These observation protocols have
been used and developed to study various parameters of educational environments
which may help to understand instructional effectiveness. For example, observation
protocols have been used to understand the course of events in formal and informal
learning settings, to explore the mechanism of interactions that happen between stu-
dents — student, student-teacher, and teacher — course material, or to investigate par-
ticipants’ engagement (Brophy & Good, 1986; Stallings & Mohlman, 1988; Waxman
& Padron, 2004). Further, these protocols can be used to evaluate the instructors’
teaching pedagogies, methods and instructional strategies.

Although much research is conducted in the design and implementation of various
observation protocols, the less is known to the user that which protocol is more
appropriate in any given context. In most cases, the research team for developing each
new protocol described the need for a new protocol in lieu of the absence of features
in the existing protocol. The collective comparison research is sparse on the subject.
Partly in response to the lack of comparative research on the existing observation pro-
tocol, this systematic review provides a rigorous description of each protocol from
various angles of strengths, limitations, usage suggestions and validity.

Research methods

This study used the systematic literature review methodology to search, review, anal-
yse, and synthesise the literature. We followed Borrego et al.’s (2015) guidelines to
search the databases, select the keywords and studies, code the studies, and synthesise
the articles.

Search databases

We focused on searching the three databases: (1) Proquest Research Library, (2)
IEEE Xplore and (3) ERIC. The search was performed in the summer of 2020. Once
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Table 1. The search protocol for the review

Database Search Protocol

ProQuest Research ~ Search String: ‘Observation Protocol’ AND (Postsecondary OR
Library Undergraduate) AND (STEM OR Science OR Technology OR
Engineering OR Mathematics) AND Large AND (Class OR Course)
Searched in: Full text and peer-reviewed articles
IEEE Xplore Search String: ‘Observation Protocol’
Searched in: Full text only
We narrowed down the papers based on other criteria during the screening
process
ERIC Search String: ‘Observation Protocol’ AND (Postsecondary OR
Undergraduate) AND (STEM OR Science OR Technology OR
Engineering OR Mathematics) AND Large AND (Class OR Course)
Searched in: Peer-reviewed only
Other sources We included the seminal papers of each protocol written by the authors of
the protocol.

we determined which structured observation protocol was used, we looked for the
seminal papers and included them in the pool of studies. The search protocol is
described in Table 1.

All sources resulted in a total of 124 papers. Each database resulted in 80, 19, 6
and 19 studies, respectively.

Selection criteria and process

In addition to the search protocol and removing duplicates, we used inclusion and
exclusion criteria to screen the studies. We included studies that focused on struc-
tured protocols. Specifically, In this literature review, we used studies that either
described the creation (introduce) process of the new structured observation protocol
or have used a structured observation protocol for classroom observation. We also
included papers which focused on describing the results of the classroom observation
and we excluded articles that were written in any language other than English. We
further excluded articles which did not focus on an undergraduate STEM course set-
ting or were not written as a full paper (e.g., editorial, or work in progress papers).

For ensuring a high-quality review, Figure 1 shows the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) flowchart (Moher, Lib-
erati, Tetzlaff, Altman, & Prisma Group, 2009).

Based on the above criteria, we excluded 89 papers due to their nonrelevance to the
current literature review, and analysed 35 papers. Please see Appendix 1 for the com-
plete list of the papers.

Data analysis

First, we categorised each study according to the primary research goal of the article
and according to two distinct categories: (1) it introduces the observation protocol or
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ProQue_st IEEE Xplore ERIC Other Sources
Research Library N =19 N=6 N =19
N =80
c
S |
I
=
3 Total identified studies | 8 studies excluded for
N =124 o duplicates
\i
Records screened for .
inclusion criteria > 48 studlerser:g;cit;gzd for non
= N =116
c
]
8 \
Records .scree.nec_i for 33 studies excluded for non
exclusion criteria » relevance
N =68

\i
§ 35 studies included in full
% synthesis and review
=

Figure 1. PRISMA - Flow of information through stages (Moher, Liberati, Tetzlaff, & Altman,
2009)

is one of the seminal papers of the protocol, and (2) it uses an existing structured
observation protocol for classroom observation. Categorising in this way helped to
identify the most commonly used observation protocols in postsecondary STEM
classes. We then focused on understanding and synthesising literature to overview the
protocols — their strengths and limitations — by using content analysis and deductive
thematic analysis. Also, we highlighted the suggestions for using each protocol. Fur-
ther, we used the assessment triangle to understand the validity measures of each pro-
tocol.

Results

We classify the results in three sections: (1) common observation protocols; (2) over-
view, strengths, limitations and suggestions to use for each protocol; and (3) validity
measures in each protocol.

Common observation protocols
We reviewed the literature according to the goal of each included research study. We

categorised each paper into either an introduction to the observation protocol, or one
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Table 2. The frequencies distribution for two categories

Frequency of studies

Observation protocol Introduces Uses

RTOP
oToPr
VOS
CLOP
TDOP
COPUS
CIEOP
StRIP
Total

i \° B \° B i e i N
o
— o s O\ ¥ = = =]

—
[\
'

*CLOP is used in Rivera, N. (2013). Cooperative Learning in a Community College Setting: Developmental Course-
work in Mathematics (doctoral dissertation, Arizona State University).

which used an existing protocol. Also, we reviewed the literature to identify the com-
monly used observation protocols in postsecondary STEM classrooms. We found a
total of eight protocols which have been used in STEM classrooms. These protocols
are a Reformed Teaching Observation Protocol (RTOP), Oregon Teacher Observa-
tion Protocol (OTOP), VaNTH Observation System (VOS), Cooperative Learning
Observation Protocol (CLOP), Teaching Dimension Observation Protocol (TDOP),
Classroom Observation Protocol for the Undergraduate STEM (COPUS), Class-
room Interactive Engagement Observation Protocol (CIEOP), and Student Resis-
tance and Instructional Practices (StRIP). Table 2 shows the frequency distribution
of the common protocols.

Owverview of the protocols

Reformed Teaching Observation Protocol (RTOP). RTOP was developed by the Evalu-
ation Facilitation Group (EFG) at Arizona State University to measure ‘reformed’
teaching and practices (Piburn & Sawada, 2000; Sawada ez al., 2002). The earlier
implementation of the observation protocol was on mathematics and science class-
rooms in K-12 settings. Later, the protocol was also used in undergraduate classes
(e.g., Hilpert & Husman, 2017; Frost et al., 2018). The tool was designed in a quanti-
tative Likert-scale style to evaluate faculty effectiveness and their teaching on
reformed principles. These reformed principles include equity, curriculum, teaching,
learning, assessment and technology. The protocol also contains the standards of
problem-solving, reasoning and proof, communication, connections and representa-
tion. The protocol requires the observer to record field notes and provide person-
alised observation in order to document each class (Wainwright ez al., 2003).

Along with the field notes, the RTOP requires evaluation of the faculty on 25 items.
These items correspond to classroom practices, which are: (1) lesson design and
implementation (five items), (2) content (10 items), and (3) classroom culture (10
items) (Piburn and Sawada, 2000; Sawada et al., 2002). The content items have a fur-
ther division of procedural and propositional knowledge. The classroom culture items

© 2020 British Educational Research Association

1) SUORIPUOD PUe SLIB L 3L 885 *[7202/60/T2] U0 ARiqIT8UIIUO A8|1M ‘SB1RIqIT AISIBAIUN Yoe L Sexe L AQ SEZE"ENBI/Z00T OT/I0p/LI0D" A3 |IM Aeiq 1 pUIIUO'S N0 [e18a/SA1Y W14 pepeojumod ‘T ‘T20Z ‘€T996Y0C

fonmAriqipul]

19))

B5UBD17 SUOLILWIOD aAERID) 3|gedl(dde ay) Ag pauseno a.e sapIe YO ‘85N JO'Sa|nJ J0j Ariq 1 auluQ ASIM UO (SUONIPUOD-PL



88 S. Anwar and M. Menekse

have also been subdivided into two additional categories as communicative interac-
tions and student-teacher relationships. The observer records their observation on all
25 items. The recorded observation determines the extent of each practice in the
classroom on the scale of a five-point Likert scale from 0 (‘never occurred’) to 4 (‘very
descriptive’).

Strengths—The tool is extensively tested for the fidelity of the implementation of
specific reforms in K12 mathematics and science courses (e.g., LLawson et al., 2002;
Banchi, 2009; Liang et al., 2012), as well as in undergraduate STEM courses (e.g.,
Middleton er al., 2015; Hilbert & Husman, 2017). Prior studies have widely used
RTOP for various purposes of observation which include: instructor and student
behaviours in classrooms (e.g., Adamson et al., 2003; Rushton ez al., 2011; Teasdale
et al., 2017), and for faculty evaluations (e.g., Hilpert & Husman, 2017), to under-
stand the effectiveness of a professional development intervention on instructors’
teaching practices (e.g., Smith ez al., 2015; Teasdale er al., 2014) or peer review pur-
poses (e.g., Ebert-May et al., 2011; Frost et al., 2018).

Limitations—The RTOP can be best reported as an instructor-focused tool (She-
khar et al., 2015), with predefined static questions and one-time determination of
instructor behaviours. This determination of behaviours has led to the use of RTOP
as a faculty evaluation tool to assess the quality of the teaching (Hora, 2015) and the
effectiveness of professional development workshops (Adamson ez al., 2003; Ebert-
May er al., 2011, 2015; Frost ez al., 2018). Studies report that while placing much
focus on instructor behaviours, RTOP fails to capture the students’ learning and
engagement data (Wainwright er al., 2003; Shekhar er al., 2015). The protocol
focuses less on content taught in class (Wainwright ez al., 2003; Hora, 2015). The
tool also requires extensive training for observers (Sawada er al., 2000). It is difficult
for raters to distinguish between values of the Likert scale, especially in the absence of
any standardised rubric describing the rationale for a specific value. Further, RTOP
judgement is very observational, which is suited for institutional data. On 25 prac-
tices, the sum of all the sub-scores produces an overall score of 0 to100 (Liang ez al.,
2012). Generally, only the overall score is shared with the faculty, and no item-based
information is provided. This limitation of not sharing item-based information makes
it hard for the faculty to reflect and improve course-based practices.

Suggestions for using the RTOP—The RTOP can be used to evaluate the fidelity of
an implementation of a particular reform, as well as to evaluate instructor behaviours,
and assess the faculty’s instructional strategies. In the absence of a rubric, it is manda-
tory to train the observers on the Likert scale values by using the protocol manual
(Piburn & Sawada, 2000). The protocol users have also advised on a training need in
light of the lack of a ‘not applicable’ option (Henry et al., 2007). It is further essential
that observers know the subject domain in order to rate some of the items appropri-
ately. For example, items like “The teacher had a solid grasp of the subject matter
content inherent in the lesson’ are hard to evaluate without knowing the particular
concepts of the subject area. The authors of the protocol have recommended having
more than one observer in a lecture for classroom usage (Piburn & Sawada, 2000).
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Overall, we recommend that prospective users of RTOP should have a clear under-
standing of each item before using it in large lectures. It would be valuable to create a
rubric to differentiate what absolute ratings on each item indicate. Also, establishing
interrater reliability between multiple raters is a must to use RTOP reliably in large
lectures.

Oregon Teacher Observation Protocol (OTOP). OTOP was developed under the NSF-
funded grant Oregon Collaborative for Excellence in the Preparation of Teachers
(OCEPT). Due to maintaining the grant reference, the protocol is also referred to as
OCEPT Classroom Observation Protocol (Morrell et al., 2004). OCEPT’s goal was
to foster innovations in the instruction and assessment of mathematics and science
courses (Wainwright et al., 2003). The OTOP protocol was designed as part of the
programme’s outcome research study to determine the impact of professional devel-
opment and assess standard-based instructional practices. The instrument was
designed in a quantitative 5-point Likert scale style (N/O, 1-4) and had ten possible
indicators. These indicators are used to evaluate the impact of reformed principles-
based professional development on instructional practices, and student behaviours.
N/O indicated ‘not observed’ and numbers indicated the frequency of the occurrence.
Each indicator has a descriptive statement, a focus and rubric style descriptive infor-
mation for the instructor. Nine out of 10 items also had descriptive information for
recording student behaviours. The indicators’ focus includes habits of mind,
metacognition, student discourse and collaboration, rigorously challenged ideas, stu-
dent preconceptions and misconceptions, conceptual thinking, divergent thinking,
interdisciplinary connections, pedagogical content knowledge, and multiple represen-
tations of concepts (Wainwright ez al., 2003). The protocol is to be filled in after the
class, based on the narrative field notes recorded during the class (Wainwright er al.,
2003).

Strengths—OTOP has been used and tested for comprehensively documenting the
complexities of constructivist teaching from both a learning and an instructional
standpoint (Morrell et al., 2004). Also, the protocol is used in both K-12 (Morrell
et al., 2004) and undergraduate contexts (Wainwright et al., 2004). Studies have used
OTOP as a descriptive tool for generating a holistic profile of what is happening
across the instructional setting (e.g., Wainwright ez al., 2004). The protocol has kept
observation categories to 10 practices, which are easy to follow and remember (Wain-
wright et al., 2003). Also, the protocol provides a specific description with each item,
which aids in the understanding of each item’s intent in a clear manner. The protocol
provides a detailed account of reflections on instructional practice and students’ in-
class behaviours with instructors and peers. These reflections can be treated as feed-
back to instructors for the improvement of instructional practices.

Limitations—Although OTOP focuses on both instructor practices and student
behaviours, the set of predefined static questions records only a few aspects of student
behaviours. For example, similar to RTOP, the protocol does not account for student
resistance or disengagement to tasks. Similar to RTOP, the goal of OTOP is focused
on the evaluation of the instructional setting and the effectiveness of professional
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development only (e.g., Wainwright et al., 2004). Although student behaviour is a
useful dimension, the focus neglects aspects of classroom dynamics. The authors of
the protocol reported 100% agreement on eight out of 10 practices, and 57% and
71% for the remaining two practices using videotaped lectures (Wainwright et al.,
2003). However, the information lacks hours of necessary training for such an agree-
ment.

Suggestions for using the OTOP—The OTOP can be used as a descriptive tool to
generate a profile for what is happening in the class, with both instructional practices
and student behaviours. However, the protocol relies heavily on field notes. The
instrument sheet is filled after the class, based on the field notes. This heavy reliance
on field notes requires observer training on writing descriptive narratives for all ten
practices and understanding each category’s scale. Also, in the case of multiple obser-
vers, it is important to establish interrater reliability between observers. One training
hitch could be an observer’s nonunderstanding of indicators. For example, Wain-
wright ez al. (2003) reported observers’ lack of understanding about metacognition
and misconception/preconception indicators. For an appropriate description of the
instructional setting, it is recommended to categorically use OTOP numerical values
while analysing the data (Wainwright ez al., 2004).

VaNTH Observation System (VOS). The VOS was developed by Harris and Cox
(2003), and Cox and Cordray (2008) as a discipline-specific instrument for bioengi-
neering. The VOS addressed the need for an assessment tool which meets the
Accreditation Board for Engineering and Technology (ABET) educational standard
for engineering students. VOS’s primary purpose is to document the instructional
strategies in bioengineering classrooms. and assess the presence and absence of How
People Learn (HPL)-practices (Bransford ez al., 1999) in classrooms (Harris & Cox,
2003). The protocol uses four lenses of HPL, as knowledge-centred, learner-centred,
assessment-centred, and community-centred (Bransford ez al., 1999). The protocol
has four components to indicate the methods of data collection (Harris & Cox,
2003). First, classroom interaction observation (CIO), which is recorded at three-
minute intervals in a string form of who-to whom-said/did what-how—with what
media. In this string, the ‘how’ specifically addresses the points of centredness, as
described in HPL. Second, student engagement observation (SEO), which periodi-
cally compares the ratio of engaged students with the total number of present stu-
dents in the class, using the categories of definitely engaged or probably engaged. The
protocol also determines the engagement medium, such as with professors, indepen-
dently, or with the media. Third, within the narrative notes (NN), five types of narra-
tives are used: professor lectures, professor questions, professor guides problem
solving, student leads the class, and organisation. Fourth, global ratings (GR) are
recorded after the observed class to indicate the use of HPL-based pedagogies and to
describe teacher and student actions of cognitive indication, student understanding
and lesson engagement.

Strengths—The protocol is designed to record the instructional pedagogies and to
be a useful tool to provide feedback to instructors on their teaching strategies (Cox
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et al., 2011). The use of HPL dimensions can help to assess the type of course as
assessment-centred, knowledge-centred, learner-centred or community-centred. The
VOS codes on student engagement also allow observers to record off-task student
behaviours, such as social media usage or any other distraction. Furthermore, the
codes document the type of questions asked by the students (Harris & Cox, 2003).

Limitations—The protocol was designed explicitly for bioengineering courses and is
not used outside of bioengineering classes. Use in other STEM courses probably indi-
cates different HPL indexes. The protocol requires extensive training for observers.
Also, the broad nature of the codes requires videotaping the lecture (Harris & Cox,
2003). Harris & Cox (2003) recommended revising the CIO and HPL index because
of the coding scheme’s intricacy and complexity. Also, in the protocol, every activity
that is not part of classroom organisation is coded as ‘knowledge-centred’, which is
different from the actual definition of knowledge centredness of helping students to
understand (Bransford ez al., 1999). The protocol has a more focused approach
towards recording CIO than the remaining three aspects. For example, student
engagement is based on the observer’s ability to count the heads accurately in real-
time, not an easy task in large classrooms. Shekhar ez al. (2015) argued that the proto-
col’s engagement definition includes students’ note-taking behaviours and listening
to the lecture, which may not necessarily represent the same thing.

Suggestions for using the protocol—The VOS protocol is used for studying instruc-
tional strategies, students’ behaviours, and engagement in the bioengineering class-
room. The protocol recording time and codes needs some tailoring based on the
structure and logistics of the class and maybe for other disciplines. Also, the protocol
requires extensive training on HPL aspects. In SEO, the same aspect can be recorded
in multiple string formats, and it is hard to distinguish between them while recording,
which also confirms the need for training to know the difference. For example, a pro-
fessor who is talking to students by using slides or a professor who is using media for
instruction may mean the same thing in some contexts and this needs clarity when
recording. The authors of the protocol reported the use of operational definitions of
HPL aspects (Harris & Cox, 2003), which is probably essential during training. To
record SEO correctly, it is important to have more than one observer in a large class-
room. In the original study, the authors indicated the four observers’ presence in a
class size of 60+ students (Harris and Cox, 2003).

Cooperative Learning Observation Protocol (CLOP). The CLOP was developed by
using the cooperative learning theory (Slavin, 1984) and its five essential elements
(Kern et al., 2007). These elements are collectively called PIGS-Face. These ele-
ments are: (1) positive interdependence — all team members will work towards a com-
mon goal for the benefit of both individuals and the team (P); (2) individual
accountability — individual members take responsibility and participate in the task (I);
(3) group processing — use ways to improve the team processes and maximise learning
(GQ); (4) social skills — engagement of appropriate interpersonal skills (S); and (5) pro-
mote each other’s success through a supporting environment with face to face interac-
tion (F) (Johnson, Johnson, and Smith, 1998; Johnson and Johnson, 1999). The
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social skills element was removed from the later version of the protocol, based on its
overlap with other elements. This protocol was based on the protocol developed
under the NSF programme titled Collaboratives for Excellence in Teacher Prepara-
tion, called CETP (Lawrenz, Huffman, Appeldoorn, and Sun, 2002). The CLOP
protocol has a specific focus on delineating students’ cooperative learning skills while
they are engaged in small group tasks. This criterion-referenced instrument evaluates
students’ interactions on four elements and records the students’ engagement level
on the scales of low, medium and high, and is not observed by using a specially
designed rubric.

Strengths—The protocol can record instances of cooperative learning and can be
used to rate participants’ behaviours on a rating scale (Luo, 2017). Also, the protocol
documents the elements of the level of cooperation, along with the level of students’
engagement (LLuo, 2017). The protocol is relatively short and allows the observer to
take extensive field notes while evaluating cooperative interactions in classes. Also,
CLOP is used as a useful tool when applied to a community of practice (Maresca
etal.,2014).

Limitations—There are some limitations to the CLOP. The protocol may not be
suitable for use in large classrooms with multiple teams, as the CLOP was designed to
observe team-based interactions. Also, the protocol may require multiple observers in
the presence of more than one team to fully record the engagement and interactions
in a group, or with team tasks (e.g., Rivera, 2013). The protocol also needs other
sources of process data, such as videotaping the interactions, specifically in the case of
multiple teams and their interactions (e.g., Rivera, 2013). Furthermore, the header of
the protocol requires the class’s demographic information and instructional context
(Kern et al., 2007), which require in-advance information from the instructor before
visiting the classroom to observe.

Suggestions for using the protocol—The protocol is best used to evaluate students’
group activities, engagement and interactions. It is best used in small classrooms or
by focusing on one or two teams in a large class. More than one observer is needed to
focus on each team in a large classroom context. Although the training requirement is
not mentioned in the protocol, it is essential to train multiple observers, so they
record similar aspects in field notes for each team. Users of the protocol suggested the
understanding and use of the Cooperative Learning Observation Guide (CLOG)
(Rivera, 2013). Further, students’ engagement level in each element is subjective to
the observer, and training is required to remove the bias. Literature supports the need
for a post-observation meeting between observers to discuss their opinion of the activ-
ity and students’ behaviours (Rivera, 2013).

Teaching Dimension Observation Protocol (TDOP). TDOP was developed by using
the instructional systems-of-practice framework (Hora & Ferrare, 2013; Hora, 2015).
The protocol has a specific focus on course planning and classroom instruction.
TDOP was designed to evaluate classroom situations, as well as actors, and produced
artefacts based on six aspects of classroom dynamics. These dimensions are further
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categorised into the ‘basic dimensions’ and ‘optional dimensions’ of teaching. The
basic dimensions include instructional practices, student-teacher dialogue and
instructional technology. The optional dimensions help with understanding the addi-
tional details in classes. The optional dimensions include potential student cognitive
engagement, pedagogical strategies and students’ time on task. By using TDOP, each
of these dimensions can be observed in two-minute intervals and can be recorded by
assigning a set of associated codes. The primary purpose of the protocol is to deter-
mine the fidelity of a course, planning implementation in actual classroom environ-
ments with the following possible outcome measures: (1) instructional techniques
used for teaching, (2) formative feedback for professional development, (3) study of
the effect of instructional interventions, and (4) study of the variation in teaching
practices across lectures or between groups (‘Teaching Dimension Observation Pro-
tocol’, 2010).

Strengths— TDOP has multiple strengths. First, the protocol is very detailed and
provides various codes to capture each dimension with an equal focus on both stu-
dents and instructors (Shekhar ez al., 2015). Second, with the two-minute recording
interval, the protocol can record temporal fluctuations (Hora, 2015). Third, it is
nonevaluative and allows the instructor to not feel evaluated on the quality (Hora &
Ferrare, 2013). Fourth, it can be a valuable tool for providing formative feedback to
teachers to improve their planning and implementation. This aspect of improving
strategies is evident in studies that used the protocol and determined instructors’ use
of teaching methods (e.g., Finelli ez al., 2014; Hora ez al., 2017).

Furthermore, TDOP provides a rigorous method of measuring teaching as an
empirical phenomenon (Hora & Ferrare, 2013). Finally, it can be used to observe the
fidelity of implementation for a planned lecture. Although the protocol is not for eval-
uating the instruction’s quality, the combination of the codes can provide the details
on the desired discipline-specific practices (Hora & Ferrare, 2013).

Limitations—There are some limitations to TDOP as well. The high number of
codes (i.e. 46 codes) requires intensive training and practice. It is hard for an observer
to refer back to descriptions while observing. The protocol also fails to capture actual
student engagement, attention, and what they are doing during activities (Moore,
2017; Smith ez al., 2013). For example, if a teacher asks students to have small group
discussions, but students get engaged in some other work, TDOP codes do not allow
observers to capture such instances. It is more focused on instructors’ directions and
behaviours, instead of focusing on students’ actual behaviours (Shekhar et al., 2015).

Suggestions for using the protoco—TDOP is well suited to record (1) what instruc-
tional practices have been used, (2) how a specific lecture was taught, and (3) com-
mon behaviours of the whole class (Smith ez al., 2013). The TDOP data takes the
form of frequencies of each code, which can help understand the variation between
students’ passive and active roles. The protocol can also effectively shed light on an
instructor’s approach towards lectures (e.g., student-centred or content-centred), as
well as characterise differences in instruction practices (e.g., McCance ez al., 2020).
For this protocol, training is mandatory so that observers understand the codes and
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how to differentiate them appropriately. The developers of the protocol indicated that
28 hours of training is needed to reach the acceptable level of inter-rater reliability
between multiple observers (Hora, 2015). Also, to effectively use the protocol, it is
recommended to have a meeting/interview with the instructor before observing their
class. In this meeting, the goals are (1) to fill in the cover sheet of the protocol, and
(2) to have information about the logistics of the class. The purpose of the cover sheet
is to record the purpose of the observation, instructor characteristics, such as name,
years of experience, planned goals and activities for the class, etc., and course charac-
teristics, such as course name, department, the number of students, required or elec-
tive course, etc. The information on the logistics of the class includes recording
information on the type of student seating, technology directly accessible by students
and teachers, number of screens in the room and their positioning, duration of the
class, recording anything unusual about the class, e¢.g., quiz day, etc. The basic ver-
sion of the protocol provided is designed for 60 minutes of class time. It is better to
have logistics information and tailor the protocol accordingly. The initial meeting also
helps to decide which of the optional dimensions can be included in the observation.
TDOP is best used if, besides class activities, the observer also wishes to record the
type and nature of the activity. The protocol is an excellent tool to record the lecture’s
instructional quality (McCance ez al., 2020). The authors also suggested the use of
TDOP online tools to record the code (Hora, 2015) and to map it on the DOLA (Dif-
ferentiated Overt Learning Activities) or ICAP (Interactive, Constructive, Active and
Passive) framework (Chi, 2009; Menekse ez al., 2013).

Classroom Observation Protocol for the Undergraduate STEM (COPUS). COPUS was
designed based on four main goals: (1) to identify instructional practices, (2) to pro-
vide feedback to faculty about how the class time was spent, (3) to identify the profes-
sional development needs of the faculty, and (4) to validate the accuracy of the
faculty reporting on their instructional practices (Smith er al.,, 2013; Smith ez al.,
2014). The protocol also had an underlying objective which evaluates the extent of
traditional teaching practices in the college-level STEM courses (Smith ez al., 2013).
This protocol used TDOP (Hora & Ferrare, 2013; Hora, 2015) as the model by util-
ising a similar coding structure and two-minute time interval coding patterns. On the
other hand, COPUS includes a reduced number of codes (i.e., from 46 to 26) and
records data in two categories as students (what students are doing, 13 codes) and
instructors (what instructor is doing — 12 codes).

Strengths— The protocol is easy to follow and thus reduces the observer’s judge-
ment bias. Also, the ease of use allows it to be easily implemented by multiple obser-
vers (Lund et al.,, 2015). Furthermore, since COPUS is designed with the
professional development aspect, it can inform and support the specific needs of an
instructor, as well as helping to assess students’ and instructors’ in-class actions effi-
ciently and reliably (e.g., Tomkin ez al., 2019)). With this protocol, it is easy for the
instructor to self-reflect and evaluates the quality of their instructional practices as
well (Herman et al., 2018).
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Limitations—There are certain limitations to COPUS. First, the protocol does not
account for classroom dynamics and does not determine the students’ behaviours or
their engagement levels. Similar to TDOP, it focuses less on students’ actual work
and off-task behaviours, especially in group work. It is best designed to see the fre-
quency of response-based activities. Also, it is observed that the protocol only records
students’ positive behaviours (Shekhar ez al., 2015). The analysis of the class evalua-
tion via this protocol results in two pie charts (one for student behaviours, one for
instructor behaviours), based on the frequency of codes. However, the frequency
information is limited since it does not capture the temporal information, which is
essential for cross-classroom comparisons (Lund ez al., 2015). Finally, one of the
instructor codes, ‘CQ’, is labeled as ‘Asking a clicker question’ (Smith ez al., 2014)
and shows the bias towards clicker and respondent systems. In other words, if an
instructor is using a different technology rather than clickers to actively engage stu-
dents with course material during class, COPUS codes do not capture it.

Suggestions for using the protocol—The protocol is easy to use and understand and is
best used to document how class time is spent. However, it is more focused on the
instructor than on students. COPUS can be best used in an environment which relies
on the use of clickers or classroom response systems (Lewin er al., 2016). While
observers can record instructional activities, the protocol does not allow us to docu-
ment other types of activities besides clicker questions. Also, the protocol does not
account for details related to an activity, such as how engaging that activity was. This
protocol can be utilised to note the general nature of the class as passive, active, etc.
Besides, similar to other protocols, COPUS requires multiple observers and training
for observers before using it in real classroom settings. The developers of the protocol
also created training resources for observers (Smith ez al., 2013).

Classroom Interactive Engagement Observation Protocol (CIEOP). CIEOP was explic-
itly designed for an active learning strategy called Think — Pair — Share (TPS)
(Kothiyal er al., 2013). In TPS, students are engaged in a three-phased in-class activ-
ity. In the first phase, students work on the task individually. In the second phase,
each student is paired with another student and they discuss their individual thinking
to come up with a solution. In the third phase, students share their discovered knowl-
edge with the whole class (e.g., Lyman, 1981).

The protocol documents student engagement at each phase of the TPS activity and
has specific recordable tasks associated with each stage of the TPS activity. For exam-
ple, in the pair stage, the observation codes include looking around, talking off-topic
with a peer and asking questions about a problem. The protocol was designed to
understand the nature of students’ engagement while being involved in an active
learning task. The observation can be made for each student or team (Kothiyal ez al.,
2013). The observer records the data in real-time by documenting the behaviour of
one student for a specific time and then shifts to another student (Kothiyal ez al.,
2013). In this protocol, each student can be observed at multiple time points.

Strengths—The protocol is designed to record multiple behaviours of each student
(Kothiyal er al., 2013) and has a set of specific practices which students may be doing
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from both positive and negative directions, which help to understand the actual task
being performed by an individual student. The protocol also allows the observer to
record students’ behaviours in small groups in large classes and provides an under-
standing of students’ engagement (Kothiyal ez al., 2013).

Limitations—The protocol requires recording each student’s behaviour at multiple
time points, which is difficult for one observer in real classroom settings. Further, as
recordings are determined based on students’ facial expressions and actions, it can
suffer from an observer’s judgement of the behaviour. Also, the observer may not be
able to document some of the behaviours while focusing on other students. In the
original study, the authors used a retrospective Likert scale-based survey filled in by
the students, registering their engagement (Kothiyal ez al., 2013). It is therefore prob-
able that data from multiple standpoints is required to evaluate the student’s engage-
ment level (e.g., triangulation with pre- and postsurveys of engagement and students’
behaviours).

Suggestions for using the protocol—The protocol is best suited to observe students’
behaviours, performed in a TPS activity. The protocol can also be used to record stu-
dents’ behaviours in other small group activities. To use the protocol, the observer
must know the different stages of the TPS activity. The protocol is easy to use if the
observer focuses on a few students and records their behaviours during each phase.
The authors of the protocol used one observer for ten students and used multiple
observers to observe a large group of students (Kothiyal er al., 2013). The protocol
may require some tailoring based on the course, as besides general behaviours, there
may be some course-specific behaviours that could be added, e.g., if the purpose of
observation is to observe students’ work when they are asked to draw or create some
artefacts, the observer can record the course-specific behaviour as students showing
active behaviour. Also, it is vital to decide the place or region for making an observa-
tion; the authors of the protocol used the middle rows to conduct observation as the
classroom-style was V-shaped (Kothiyal ez al., 2013).

Student Resistance and Instructional Practices (StRIP). The StRIP protocol was devel-
oped by Shekhar ez al. (2015) to explore the use of active learning strategies in class-
rooms. The primary purpose of the protocol is to understand how students respond
and behave towards the instructor’s instructional practices which put students in
active roles. The protocol records student reactions to the use of active learning strate-
gies (Finelli er al., 2014). Also, the protocol documents specific strategies used by
instructors to reduce student resistance. The authors categorised students’ responses
to active learning activities as both positive and negative (resistance). The students
can show adverse reactions through passive behaviour — not doing the activity or par-
tial compliance — by completing some part of the task without enthusiasm, or through
open resistance, or by complaining about activities openly (Shekhar ez al., 2015).

This observation protocol was created using a systematic approach to gain an
understanding of students’ resistance to active learning and records the approximate
percentage of students showing a particular type of negative response at each active
learning activity. As the protocol is designed systematically, it helps to record all
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details related to each active learning activity. These details include the type of active
learning strategy, degree of faculty participation as high, medium or low, instructor’s
response during an active learning activity which also helps to comprehend the
instructor’s inability to implement an activity, level of students’ engagement in high,
medium or low categories, and students’ resistance to adopt a new approach and
show adverse or negative reactions. The protocol also allows observers to collect data
on classroom layout and seating arrangements (Shekhar ez al., 2015).

Strengths—The protocol was designed with a specific goal and a systematic
approach to help researchers to record instances which are otherwise not shared by
participants. Further, this protocol can determine whether the instructor was able to
implement active learning effectively or not. It also focuses on the kind of active learn-
ing activities done in the class. For example, the classification can be based on the
ICAP (Interactive, Constructive, Active, and Passive) framework (Chi, 2009;
Menekse et al., 2012).

Limitations—There are several limitations. The protocol relies on recording stu-
dents’ engagement and resistance based on the approximate percentages of students
showing that behaviour, which could be challenging to calculate in real-time and can
cause reliability issues with multiple observers. The protocol also records individual
student responses, ignoring the team-based response to active learning. Furthermore,
in large classrooms, the recording of student resistance can only be documented if the
students are open about their concerns. The protocol is additionally very open-ended,
which requires a judgement from the observer. It is highly dependent on instances of
active learning but provides limited information on what is accounted for as active
learning. One goal of the protocol is to record students’ behaviours of engagement
and resistance, and a further limitation is that it may be affected by the factors of class
size, classroom layout, group or individual activities, or instructor’s experience, none
of which are recorded by the StRIP protocol. Besides, the protocol records the diffi-
culty level of the material covered in class, which requires either the knowledge of the
content or specific cues by the instructor (Shekhar ez al., 2015).

Suggestions for using the protocol—The StRIP protocol is best suited to understand
which of the instructors used active learning strategies. Also, the protocol helps to
record the corresponding students’ behaviours for these active learning strategies.
The observation data helps to understand the pros and cons of each active learning
activity. To use the StRIP protocol effectively, observer(s) need to roam the class-
rooms while observing. It would also be valuable for observers to know beforehand
which learning activities will be used in a particular lecture. The authors used the pro-
tocol in a setting where active learning activities were defined and were conducted in
pairs or triads (Shekhar ez al., 2015). It is further suggested that multiple observers
are used, especially in large classes (Shekhar er al., 2015), as protocol requires record-
ing of students’ engagement and resistance in real-time.

Owerview and Comparisons of Eight Observation Protocols. Table 3 provides an over-
view and comparison of each protocol discussed in the above section. The table
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100 S. Anwar and M. Menekse

includes multiple dimensions: the year of publication, purpose, the primary focus,
underlying theory or framework, dimensions described in the protocol, the focal point
of the protocols such as student-focused or teacher-focused training requirement(s),
the structure of recording, how to use it in self-studies, and use of the protocol in
STEM disciplines.

Please refer to Appendix 2 for the overview of studies that used protocols.
Appendix 2 includes the information on sample size, focus of observation, the con-
text of each study, training mechanism employed to use the protocol, and supplemen-
tary data sources used in conjunction with the protocols.

Validity measures of the protocols

We used the assessment triangle approach (NRC, 2001) to assess the validity of each
protocol. Prior studies describe the three major aspects to evaluate and assess instru-
ments (NRC, 2001). These aspects are: (1) cognition, referring to the theory of
understanding for learning in the content domain, (2) observation, referring to what
tasks are performed on a set of principles, and (3) interpretation, referring to methods
and tools for interpretation of the instrument.

An assessment triangle is a model which establishes the connections between differ-
ent components of an assessment system. This system focuses on assessment activi-
ties: observation, aligning them with knowledge and the cognitive process;
cognition, which one wants to achieve through the measurable process; and inter-
pretation (NRC, 2001).

The assessment triangle system helps to achieve a holistic and meaningful assess-
ment and was suggested by Douglas & Purzer (2015) to validate instruments. This
approach emphasises consideration of both the psychometric properties and the
observation and cognition of an instrument. Furthermore, having a common mecha-
nism to evaluate and assess an instrument gives the advantage of knowing the issues
from all known aspects. We applied the suggested use of the assessment triangle to
evaluate the observation protocols and used all three aspects with slight modification.

In this study, the cognition corner of the assessment triangle describes the underly-
ing theory or framework used to design the protocol. Additionally, the cognition cor-
ner also indicates the observation aspect of the protocol and describes how that
aspect of observation is recorded. The observation corner also describes the pattern
of recording the information. The interpretation corner includes psychometric evi-
dence or other validity constructs which were reported in the original study of an
instrument to explain the validity and reliability of the protocol. Table 4 shows the
assessment triangle aspects of all the protocols.

We recorded the underlying theory or framework used to design each observation
protocol instrument in the cognition corner. It is important to recall that having a the-
oretical base is essential for the structured nature of an observation protocol to inform
about the key aspects and direction of data interpretation. In the absence of such a
basis, it is difficult to specify the instrument’s domain and scope (Douglas & Purzer,
2015). Thus, the cognition corner helped in two ways: (1) describing the theoretical
foundation, and (2) highlighting the observation aspect of the protocol. Among the
protocols, while RTOP, OTOP, VOS, CLOP, and TDOP described the theoretical
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Systematic review of observation protocols 101

foundations, that information was presented comprehensively in the COPUS,
CIEOP, and StRIP protocols, in that the authors of these three protocols underlined
the need and importance of their respective protocols, based on the literature-based
evaluation of existing protocols.

Table 4 also included the pattern of recording in the observation corner of the
assessment triangle. There are two categories of recording structure: (1) time based,
and (2) on the occurrence of a particular event. The VOS, CLOP, TDOP and
COPUS protocols are time-stamped, based on a two- to five-minute interval. The
CIEOP and StRIP record information based on a particular instance. Furthermore,
some protocols rely on some other mechanisms of observation to triangulate the
results; for example, RTOP and OTOP are based on the holistic view and rely on field
notes, while VOS requires a video recording of the classroom.

We reported psychometric or validity evidence of each protocol in the interpreta-
tion corner. Each observation protocol was evaluated using more than one validity
construct, but the most common reported evidence was inter-rater reliability, either
using percent agreement or Cohen-kappa values. It is however important to note
that having a high coefficient alpha is not a measure of validity; instead it is a mea-
sure of internal consistency. The instrument can deviate and measure something
which differs from what it is intended for (Douglas & Purzer, 2015). This deviation
and measurement perspective is unclear in all protocols except CLOP and COPUS,
which reported both percent agreement and Cohen Kappa reliability scores. For
example, the RTOP protocol provided the estimate of reliability using best-fit
regression analysis, and a point estimate of the prediction. This value may not show
reliability as we are not sure how close this value is to the actual results. Using this
method, a more reliable estimate would be based on an interval around the point
estimate. In OTOP and VOS protocols, the authors provided a range of inter-rater
reliability.

In CIEOP the authors also presented the value of inter-rater reliability. However,
in all three protocols, it is unclear which metric has been used to calculate the reliabil-
ity. Some protocols, for example, TDOP and StRIP protocols, did not report the
value but only shared the method of calculating reliability.

All protocols except CLOP and CIEOP did some form of content validity using
experts, focus groups, or other researchers’ comments. However, CLOP was using
the elements of cooperative learning as the foundation of the protocol. CIEOP used
student response-based validation mechanisms while piloting the instrument which
was used to classify student behaviour and thus provided evidence other than inter-
rater reliability.

Opverall, we evaluated each protocol based on the parameters of theory to support
the dimensions of recording, used a defined observation method, and described the
validity and reliability using appropriate measures. We found that each protocol was
lacking in determining one corner of the assessment triangle. All protocols require
training, and especially three of them (i.e., VOS, OTOP, and RTOP) also require an
additional source of data (e.g., video recording or field notes). These missing aspects
in the description of each protocol could be a reason for making these protocols chal-
lenging to understand and use.
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104 S. Anwar and M. Menekse

Discussion

Researchers often face the challenge of selecting an observation protocol that is best
suited for their research study. The primary goal of this study was to provide an over-
view of eight observation protocols that have been used to evaluate classroom prac-
tices, instructional methods, or students’ engagement and behaviours. For each
observation protocol, we focused on answering each protocol’s primary purpose,
strengths, limitations and validity.

Each protocol included in this review was designed with a unique focus. For
instance, some protocols were designed with instructor-focused (Piburn & Sawada,
2000) or student-focused dimensions (Kothiyal er al., 2013), with few protocols
focused on both dimensions (Hora & Ferrare, 2013; Smith ez al., 2013). It is notewor-
thy that four protocols (VOS, TDOP, COPUS and StRIP) have aspects of observing
lectures from the perspective of all three actors (instructor, student and classroom
dynamics). While TDOP and StRIP give similar importance to all three actors, both
VOS and COPUS are more instructor-focused.

The context of the protocols varied from the emphasis on a particular grade level or
discipline. For example, RTOP was initially designed in the context of observing K-
12 teachers on the fidelity of implementation related to reformed practices with K-12
classes. On the other hand, some protocols were explicitly designed for undergradu-
ate courses, such as OTOP, VOS and TDOP. OTOP was designed to document the
impact of reform-based professional development training of an undergraduate fac-
ulty on their instructional methods and student behaviours. VOS was initially
designed with a specific focus on biomedical engineering classrooms and is useful in
observing teaching and learning experiences (Gazca et al., 2009).

Similarly, TDOP was developed to document the instructor and student interac-
tions in college classrooms. In addition to contexts related to grade level, some proto-
cols were explicitly designed to record particular activity details. For example, CLOP
is very specific to group activities, while COPUS focuses on active learning in class-
rooms and aims to document students’ reactions to these activities. Similarly, CIEOP
is very specific to one active learning activity of TPS. StRIP emphasised recording of
both positive and negative student reactions to active learning methods.

Based on the goal of the protocol, the design strategy could focus on evaluating
classroom activities from the perspective of what is happening in class (Hora & Fer-
rare, 2013), or on the fidelity of implementation of a particular intervention (Kothiyal
et al., 2013). Some were also designed to study student behaviours and engagement
(Kern et al., 2007; Cox & Cordray, 2008). We identified that these protocols could
be classified into three distinct categories which include: (1) protocols for evaluation
and feedback for instructional methods, (2) protocols for evaluating pedagogical
strategies, and (3) protocols for students’ engagement or behaviour.

RTOP, OTOP, TDOP and COPUS are the most notable protocols for evaluating
a faculty and providing them feedback on their teaching approaches. RTOP is being
used as a tool for course evaluation (e.g., Amrein-Beardsley & Popp, 2012; Helpert &
Husman, 2017; Addy & Blanchard, 2010); OTOP is best suited to evaluate standard-
based instruction and the impact of reform-based professional development; TDOP
is best suited for providing formative feedback for the improvement of instructional
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methods; and COPUS is most suited to determine faculty practices and, accordingly,
professional development needs of the faculty (e.g., Herman ez al., 2018).

Among the protocols for evaluating pedagogical strategies, we found that VOS,
TDOP and StRIP are the best suited observation protocols. While VOS and
TDOP help to identify the type of instructional strategy used in class, StRIP is
used to account for active learning strategies. Although TDOP and COPUS offer
opportunities to record students’ behaviours, their focus is on how students spend
their time in a broader spectrum and thus fail to catch students’ engagement
instances.

For the third category, we found that OTOP, VOS, CLOP, CIEOP and StRIP pro-
tocols are suited to document students’ engagement. These protocols have a different
goal to observe students’ engagement. OTOP student behaviour rating includes stu-
dents’ engagement with lesson content, peers and task. VOS requires a real-time
headcount of engaged students. CLOP and CIEOP both evaluate student engage-
ment in group tasks, but CIEOP is very specific to the TPS activity. Alternatively,
StRIP allows observers to record students’ negative resistance while being engaged in
a task. It is also noted that StRIP is the only protocol that covered the information
about the type of material involved and student engagement.

We also evaluated all protocols on a common mechanism of assessment trian-
gle, which helped us review each protocol’s authenticity and validity. Researchers
should use the appropriate protocol based on their need for recording and utilis-
ing proper measures to reduce observer bias and improve accuracy. One pro-
posed method to avoid these biases is the observer’s training in an appropriate
setting. Furthermore, the establishment of inter-rater reliability among observers
is essential.

The use of structured observation protocols reduces some of the known limitations
of classroom observations. For example, structured observation protocols help to
reduce the observer’s preferences bias while recording information and collecting
data. Also, the observation protocols allow the studying of multiple aspects of the
same phenomenon which may not be feasible otherwise. On the other hand, observa-
tion protocols have some limitations. First, the observer’s presence or the reactivity
effect on the observed may be a limitation. The reactivity effect can result in escala-
tion or de-escalation of the normal behaviour of the observed (aka. Hawthorne effect)
(Mayo et al., 1939; Turnock & Gibson, 2001). Second, the observation process is
time-consuming. Third, the observer’s accuracy may be compromised due to the
understanding of the behaviour or appropriately recording the response according to
the protocol’s guidelines.

Limitations

In this systematic review, we followed a repeatable process of selection and inclusion.
However, there are limitations of the review studies, including quality constraints,
selection bias and publication bias. For example, we have not excluded studies based
on their quality and reporting mechanisms (Slavin, 1984). We focused on the selec-
tion of authentic databases, but the actual quality of the study was not the focal point
of this review. Additionally, the authors made a judgement call for the appropriate
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databases, which may have limited the selection of studies. This call may introduce
bias in the selection mechanism, and studies that are published at other venues may
not have been part of this study. Although we did not favour the positive results-based
studies only (Rothstein, Sutton, & Borenstein, 2006), our results are only based on
exemplary studies for each protocol (Borrego ez al., 2015)

Conclusion

The primary purpose of this systematic review was to provide a comparative overview
of commonly used structured observation protocols in postsecondary STEM disci-
plines systematically. We outlined these protocols and provided the characteristics of
eight of them. Also, we believe that this literature review will help future researchers
in deciding the appropriate tool for their research purpose. Based on the above dis-
cussion, we also have suggestions for future researchers, especially new protocol
developers. For example, they should state the precise reasons for developing a new
observation protocol. Besides focusing on reporting agreement and reliability, the
protocols should focus on the theoretical foundations for the protocol. One common
mechanism future developers can utilise is to make use of the assessment triangle as a
model and describe the three corners in detail. The protocol developers should also
explain the metric used for calculating the psychometric properties of an instrument,
and the emphasis should be on both the internal consistency of the items and the
overall multiple observers’ agreement.

We noticed that a common limitation among the existing studies which describe
the protocols was detailing how the observers can be trained to conduct the observa-
tion. Although some protocols provided a training manual, these details were not
mentioned in the studies published for introducing the protocol. Also, we suggest that
future developers should describe exemplary research questions for the protocol and
describe the ideal learning and teaching settings to use their tools. It is also important
that the introductory documents or the observation protocol manuals should include
the appendix of sample data and how it has been transformed to make the observa-
tion-related claims.

Overall, this study provides an overview and guidelines for using commonly used
observation protocols in college classrooms. This study provides a point of reference
to other researchers for knowing the details of these protocols and helping them while
making decisions on what observation protocols to use, based on their goals, research
questions, and research design.
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Ryker, K., & McConnell, D. (2014)

Protocol Name: OTOP
Wainwright, C., Morrell, P. D., Flick, L., &
Schepige, A. (2004)

Protocol Name: VOS
Cox, M.F., & Cordray, D.D. (2008)

Protocol Name: TDOP
Hora, M.T. (2014)

SPARCT: A STEM Professional Academy to
Reinvigorate the Culture of Teaching

Using Reform Pedagogy to Improve Students’
application Skills in College Remedial
Mathematics Courses

Critical Thinking Assessment of Students in
Nonmajors Biology Classes with Corn or Fly
Genetics Laboratory Studies.

Team Echinacea & Construction of a Key Using
Online Images of Fresh Prairie Plant Pollen.

Examining the Relationship between Faculty
Teaching Practice and Interconnectivity in a
Social Network.

Instructional Improvement and Student
Engagement in Post-Secondary Engineering
Courses: The Complexity Underlying Small
Effect Sizes.

Can Graduate Teaching Assistants Teach
Inquiry-Based Geology Labs Effectively?

Observation of Reform Teaching in
Undergraduate Level Mathematics and
Science Courses.

Assessing Pedagogy in Bioengineering
Classrooms: Quantifying Elements of the
‘How People Learn’ Model using the VaNTH
Observation System (VOS).

Exploring Faculty Beliefs about Student
Learning and Their Role in Instructional
Decision-Making.
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Appendix 1..

(Continued)

Author(s)’ Names

Title

Oleson, A. & Hora, M. T. (2014)

Hora, M.T. & Ferrare, J.J. (2014)

McCance, K., Weston, T., & Niemeyer, E.
(2020).

Finelli, C. J., Daly, S. R., & Richardson, K. M.
(2014)

Hora, M. T., Bouwma-Gearhart, J., & Park, H.
J. (2017).

Protocol Name: COPUS
Smith, M. K., Vinson, E. L., Smith, J. A.,
Lewin, J. D., & Stetzer, M. R. (2014)

Herman, G. L., Greene, J. C., Hahn, L. D.,
Mestre, J. P., Tomkin, J. H., & West, M.
(2018).

Callens, M. V., Kelter, P., Motschenbacher, J.,
Nyachwaya, J., Ladbury, J. L., & Semanko, A.
M. (2019).

Chacén-Diaz, L. B. (2020).

Strubbe, L. E., Stang, J., Holland, T., Sherman,
S. B., & Code, W.]J. (2019)

Holt, E. A., & Nielson, A. (2019).

Tomkin, J. H., Beilstein, S. O., Morphew, J. W.,
& Herman, G. L. (2019).

Protocol Name: CIEOP
Reddy, P. D., Mishra, S., Ramakrishnan, G., &
Murthy, S. (2015)

Protocol Name: StRIP

Finelli, C. J., Nguyen, K., DeMonbrun, M.,
Borrego, M., Prince, M., Husman, J., ... &
Waters, C. K. (2018)

Teaching the Way they were Taught? Revisiting
the Sources of Teaching Knowledge and the
Role of Prior Experience in Shaping Faculty
Teaching Practices.

Remeasuring Postsecondary Teaching: How
Singular Categories of Instruction Obscure the
Multiple Dimensions of Classroom Practice.

Classroom Observations to Characterise Active
Learning Within Introductory Undergraduate
Science Courses Breadcrumb.

Bridging the Research-to-Practice Gap:
Designing an Institutional Change Plan using
Local Evidence

Data Driven Decision-Making in the Era of
Accountability: Fostering Faculty Data
Cultures For Learning.

A Campus-Wide Study of STEM Courses: New
perspectives on Teaching Practices and
Perceptions

Changing the Teaching Culture in Introductory
STEM Courses at a Large Research University

Developing and Implementing a Campus-Wide
Professional Development Program: Successes
and Challenges

An Explanatory Case Study of Behaviours,
Interactions, and Engagement in an
Introductory Science Active Learning
Classroom (ALC).

Faculty Adoption of Active Learning Strategies
via Paired Teaching: Conclusions from Two
Science Departments

Learning Communities and Unlinked Sections:
A Contrast of Student Backgrounds, Student
Outcomes, and In-class Experiences

Evidence that Communities of Practice are
Associated with Active Learning in Large
STEM Lectures.

Thinking, Pairing, and Sharing to Improve
Learning and Engagement in a Data Structures
and Algorithms (DSA) Class.

Reducing student resistance to active learning:
Strategies for instructors.
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