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Abstract. This paper investigates whether the classroom observation protocol can be adopted in PBL studies, 
to explore the appropriate instruments for further observation-based studies in PBL obtain. By systematically 
searching and concluding previous literature, the observation protocols are given special focus, leading to the 
main results of this review:1) There is one formal observation tool developed for PBL settings in the area of 
STEM (science, technology, engineering and mathematics) education; 2) Apart from the only PBL-aimed 
protocol, there are other studies using tools specially designed to demonstrate teachers' behavior and students' 
engagement in real school settings; 3) Classroom observation could offer practical evidence for further ex-
ploration in a study using a mixed methodology, but formal observation tools should be adopted in these 
studies. In PBL studies, classroom observation could be an innovative method for further research, and more 
observation protocols are encouraged to be adopted or developed in the PBL obtain. 

1 Intoduction 

PBL, an abbreviation of problem-based learning, has been 
widely implemented as an innovative pedagogical im-
provement for the past several decades, with many schol-
ars conducting PBL programs in their study fields [1-5]. 
This educational method was first developed in the medi-
cal school program of McMaster University, which fo-
cused on the small-group tutorial during healthcare scenar-
ios and has been applied in various healthcare professional 
schools [6]. Although numerous studies on PBL have been 
conducted in various educational fields, few studies have 
used classroom observation as part of the research meth-
odology. This article demonstrates the possibilities of col-
lecting possible classroom observation instruments appro-
priately implemented in PBL research, which is based on 
data generated from classroom observation and systemat-
ically enumerates the observation protocols in the studies 
through a review of the literature. This article attempts to 
seek specific observation instruments designed for PBL 
settings, to induct and reorganize the practicable protocols 
which can be used for observing PBL classrooms, and to 
define the role that classroom observation may play in the 
whole methodology of PBL studies. 

2 Observation Instrument for PBL 
Programmes and Related Research 

During the past decades of PBL studies, there was one spe-
cial observation instrument developed for teachers’ PBL 
classroom instruction [7]. As one of the most related class-
room observation protocols, the observation instrument is 
applied specifically for the STEM PBL activities at the 
secondary stage of education.  

In general, the observation instrument arose from a fo-
cus on teacher feedback, which is always expected to re-
sult in significant improvements in the quality of STEM 
courses. Thus, teachers' instructional behaviors may have 
an impact on students' academic outcomes [8], and appro-
priate instruments for constructive evaluation must be de-
signed. The instrument discussed by Stearns is a five-point 
scale which is the most suitable to evaluate teaching and 
learning objectives that are observable when PBL activi-
ties are carried out and further developed by teachers. And 
according to the statement of this literature, it had already 
been taught to both observers and teachers by a sustained 
professional development for three years with ten full days 
every year, totally counting for 30 full days and more than 
240 contact hours. As for the structure, the instrument in-
cludes 6 objectives and 22 items. These included six ob-
jectives: (a) Structure of PBL, (b) Facilitation of PBL, (c) 
Students’ Participation, (d) Resources, (e) Assessment, 
and (f) Learning Environment in Classrooms. Besides, in-
dicators under each objective varied from subjective to 
subjective. And since it is a five-point based scale, each 
indicator was scored from 1 (no evidence) to 5 (to a large 
extent), with the observer assigning a score to each item 
based on the evaluation. 

After the observation instrument for PBL was devel-
oped, several studies related to PBL programs have al-
ready adopted it as the main research tool. Capraro et al. 
carried out a 3-year study on sustained professional devel-
opment planned for 3 distinct schools in an urban area, 
demonstrating a keen interest in the effects of sustained 
professional development in STEM settings [9]. Since this 
3-year study applied a mixed methodology including both 
quantitative and qualitative research, the observation pro-
tocol designed by Stearns et al. was mainly used for data 
collection of the quantitative research part [7]. In order to 
align with the next three years, data were gathered while 
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teachers were undergoing professional development for 
the year prior to the start of the PBL project. The research 
personnel who worked on the classroom observation were 
well-trained prior to the observation, and the interrater re-
liability was calculated using mixed pairs designed by 
James, Demaree, and Wolf [10]. After the data analysis of 
quantitative research, observation instrument results indi-
cated that there was a significant improvement in mean 
scores for each category of a total of six compared with 
the previous observation records in the year before the 
study. The longitudinal observation resulted in the phe-
nomenon that means observational patterns could emerge 
within schools disaggregated by level of implementation. 
Furthermore, children who had the highest levels of im-
plementation fidelity generally demonstrated advances on 
standardized test scores, whereas students who experi-
enced the lowest levels of implementation fidelity showed 
losses.  

Overall, Stearns' classroom observation tool focuses 
more on teachers' qualifications for instructional manage-
ment during PBL programs, which is reflected in the em-
phasis on the professional development of PBL tutors. 
Thus, the instrument also emphasizes students’ academic 
performances and the project products after the PBL pro-
cess, which represents the logic of summative assessment.  

3 Research Adopting Observation 
Tools Focusing on Teacher Behaviors 
and Student Engagement 

Different from the literature developed from data collected 
by interviews, more attention has been paid to teachers' 
guidance behaviors and student engagement in research 
using the classroom observation method [1][5]. As a re-
sult, some classroom observation tools used in PBL stud-
ies would also place a greater emphasis on teachers' be-
haviors and students' engagement in the real schooling en-
vironment. 

For the increasing emphasis on documenting student 
engagement in medical schools caused by teaching strat-
egy changes, by adding student interaction in medical ed-
ucation settings, O'Malley and Moran established an ob-
servational tool called STROBE to gather more promising 
data for educational research and evaluation [11]. This tool 
comprises continuous 5-minute observing cycles that are 
repeated throughout the instructional period. Observers 
are needed to use an interval recording technique during 
each cycle, focusing on particular characteristics of behav-
ior that happen in each interval. Generally, STROBE often 
expects to capture behaviors for a time period that yields a 
representative sample of the setting's interesting behav-
iors.  

Kelly et al. used seven qualified observers to measure 
learner engagement in seven lecture, four problem-based 
learning, and three team learning classrooms over the 
course of a year in order to compare students' participation 
across classes using the lecture, PBL, and team learning 
models [1]. Following data analysis and comparison, it 
was concluded that the amount of learner-to-learner en-
gagement in PBL and team learning was comparable to 
and much greater than in lecture, where most engagements 

were of the learner-to-instructor and self-engagement 
types, while learner-to-instructor engagement appeared to 
be greater in team learning than in PBL. 

To capture comprehensive pictures of teachers’ behav-
iors in bilingual classes, Lara-Alecio and Parker devel-
oped a pedagogical model called Transitional Bilingual 
Observation Protocol (TBOP) for the exploration of teach-
ers’ instructional delivery and students’ engagement in 
class [12]. This four-dimensional model was based on the 
four-dimensional pedagogical theory lifted by Lara-Al-
ecio and Parker, which consisted of four dimensions: (a) 
Activity Structures, (b) Language of Instruction, (c) Lan-
guage Content, and (d) Communication Mode [12]. For 
decades, to achieve the objectives of teacher training and 
guidance, program assessment, and empirical validation of 
bilingual theories, TBOP has been utilized in a variety of 
disciplines in bilingual education, ESL education, and 
EFL education.  

For the field of problem-based learning, Tang et 
al.adopted TBOP for their comparative study on problem-
based learning and traditional instructional management in 
English classrooms at the college stage in mainland China 
[5]. Two graduate assistants used TBOP-based observa-
tion to code six observation videos of two classes during 
their research process. After the coding process, each 
video turned out to contain 60 coding sets, leading to the 
phenomenon that 360 coding sets were included in the re-
search analysis. After the data analysis, the findings re-
vealed that using PBL methodologies in an EFL classroom 
did not significantly alter teachers' pedagogical practices, 
failing to meet the objective of giving students additional 
opportunities to develop their expressive English language 
skills.  

In general, some interesting inspirations can be found 
in the preceding literature when using an observation pro-
tocol that is not specifically designed for PBL. First, PBL 
and some classroom observation instruments were discov-
ered to have similar origins. Since the PBL model is gen-
erally thought to have evolved from the instructional man-
agement of medical education[7], it is interesting to note 
that there are also classroom observation tools that arose 
from the demand for the promise of education quality in 
medical education settings [11][13][14], implying that all 
of these pedagogical improvements and observation in-
struments are created to ensure students’ professional out-
comes after the academic trough. Second, different aspects 
of PBL assessment should be given full attention, meaning 
the research methodology could include observation pro-
tocols containing various observation aims. For the devo-
tion towards studies on teacher instructional behavior and 
student engagement, O’Malley and Moran adopted 
STROBE as the main instrument [11], while Tang also in-
dicated the importance of the use of subject-centered 
classroom observation instruments [5]. As PBL is imple-
mented into various curriculum management, observation 
tools should also follow the trend contemporarily.  
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4 Research Adopting Observation 
with no Clear Instrument Applied 

When digging deep into the instruments of each observa-
tion-based PBL study, there are studies including class-
room observation as a part of the mixed methodology, 
which does not show clear observation tools through the 
literature statement but is also worth discussing [2-4].  

Remedios, Clarke, and Hawthorne paid great attention 
to collaborative behaviors during the PBL process [2], 
since small-group collaborative learning works as a funda-
mental element in the PBL approach [15]. To acquaint fur-
ther comprehension of students’ collaborative behaviors 
and attitudes in group words, they conducted a study in a 
school of different racial and cultural backgrounds, where 
a hybrid PBL curriculum had been implemented ever since 
1999. Researchers used a complex methodology that in-
cluded ethnographic approaches, classroom observation, 
and semi-structured interviews to map a general print of 
collaborative behaviors and attitudes of students involved 
in this school-based hybrid PBL program. The classroom 
observation part during the whole research process con-
sisted of a two-year participant observation study and vid-
eotape observation. The former one was conducted during 
PBL tutorials, PBL tutor-training sessions, and tutor meet-
ings, while the latter one contained data collected from re-
cording videotapes of a total of 42 PBL tutorials during 
students' first year of study. After the two-year participant 
observation as planned, a single semi-structured interview 
was designed according to field notes driven from the 
practical field stage. Therefore, after this semi-structured 
interview, videotape analysis of PBL sessions proceeded 
and afterward observation-stimulated recall interviews 
were conducted. And as the results of this study, it was 
found that students in the hybrid PBL programme recog-
nized that speaking shares greater privilege compared with 
listening when it is related to collaborative learning in 
group work.  

In Trinter et al.’s study of the mathematical promise of 
students including those who are from underserved groups 
engaging in PBL units at the primary stage [3], classroom 
observation was based on tapes recorded by high-technol-
ogy equipment, which did not adopt a typical observation 
tool, either. In this study, video observation also took part 
in the mixed methodology, and the materials of video 
notes, interview notes, and students' writings were all 
coded based on the same data reduction methodology de-
signed by Miles and Huberman [16], namely a contact 
summary sheet. Based on the data analysis, results indicate 
that students show characteristics together with attributes 
indicating mathematical promise as lifted by Sheffield 
within a PBL-based context [17].  

According to the above review of related literature, the 
observation study played various roles in the overall struc-
ture. The study by Remedios and his colleagues provides 
an appropriate example of how observation matters in a 
mixed design of methodology in PBL research [2]. Alt-
hough classroom observation played a minor role in the 
structure, the combination of field and videotape-based 
observation greatly influenced the practical process of the 
study. Furthermore, in Trinter's work [3], observation 

notes were viewed as data sources, with no special atten-
tion paid to the characteristics of this real data derived 
from teaching videotapes. In the preceding study, class-
room observation was included as part of the research and 
served as supplementary evidence. 

5 Implications 

After the review of the literature, several implications and 
suggestions could be lifted for later scholars to consider.  

First, while classroom observation can provide reliable 
clues for interactions that occur in real-world classroom 
settings, few studies use it as the primary methodology 
component. As a result, despite the mature development 
of STEM PBL, no specially designed instrument for PBL 
observation exists. As a result, it is worthwhile to make 
future efforts to focus more on observation studies in PBL. 

Second, stakeholders, especially tutors involved in 
PBL, could be conductors of field observation, which is 
calling for the development of academic observation tools 
and a research-based teacher training program to guaran-
tee the qualification of each researching teacher. Building 
up teachers’ PD is another vital factor in insure successful 
progress in PBL programs and studies.  

Third, the observation studies presented above did not 
present the issue of covering insights about the intro part 
before defining the problem and publishing specific prod-
ucts. As a result, it is still worth investigating how to use 
classroom observation instruments to analyze these two 
significant elements. 

6 Conclusion 

After reviewing previous literature based on classroom ob-
servation studies, this article has output a general catalog 
of practical observation instruments used in PBL studies. 
The special observation instrument designed especially for 
STEM PBL activities indicates great concern about teach-
ers’ professional development and abilities of instructional 
management, while also focusing on students’ academic 
products after PBL. Besides this special protocol, other 
tools share a common interest in teachers' practical behav-
ior and students' engagement in real PBL classrooms, 
which emphasize the importance of observing real class-
room interactions. Generally, observations can provide 
sufficient evidence for deep research in composite studies 
and offer inspiration for later interviews or questionnaires. 
The above findings compromise neatly with the aims of 
reviewing previous observation protocols in PBL studies, 
by making a retrospect on the special observation tool de-
signed for PBL classrooms and other types of observation 
instruments. The review argues the feasibility of using 
classroom observation in the methodology of PBL studies 
and demonstrates the lack of use of formal classroom ob-
servation tools in the PBL domain. As a result, researchers 
who are committed to implementing various measures to 
improve the assessment of PBL settings would benefit 
from this review article and could consider conducting ad-
ditional observation studies using formal observation tools 
or developing an innovative protocol for PBL classroom 
settings. Researchers will be able to continue PBL-related 
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research with richer and more scientific research methods 
if they understand the status quo of classroom observation 
in PBL research and clarify their professional observation 
tools. 

References 

1. Kelly, P. Adam, et al. "A comparison of in-class 
learner engagement across lecture, problem-based 
learning, and team learning using the STROBE class-
room observation tool." Teaching and learning in 
medicine 17.2 (2005): 112-118. 

2. Remedios, Louisa, David Clarke, and Lesleyanne 
Hawthorne. "Framing collaborative behaviors: Lis-
tening and speaking in problem-based learning." In-
terdisciplinary Journal of Problem-Based Learn-
ing 2.1 (2008): 1-20. 

3. Trinter, Christine P., Tonya R. Moon, and Catherine 
M. Brighton. "Characteristics of students’ mathemat-
ical promise when engaging with problem-based 
learning units in primary classrooms." Journal of Ad-
vanced Academics 26.1 (2015): 24-58. 

4. Li, Hui-Chuan, and Tsung-Lung Tsai. "The imple-
mentation of problem-based learning in a Taiwanese 
primary mathematics classroom: lessons learned from 
the students’ side of the story." Educational Stud-
ies 43.3 (2017): 354-369. 

5. Tang, Shifang, et al. "A comparative study of prob-
lem-based learning and traditional approaches in col-
lege English classrooms: Analyzing pedagogical be-
haviors via classroom observation." Behavioral Sci-
ences 10.6 (2020): 105. 

6. Saarinen-Rahiika, Helen, and Jill M. Binkley. "Prob-
lem-based learning in physical therapy: a review of 
the literature and overview of the McMaster Univer-
sity experience." Physical Therapy 78.2 (1998): 195-
207. 

7. Stearns, Linda M., et al. "A teacher observation in-
strument for PBL classroom instruction." Journal of 
STEM Education: Innovations and Research 13.3 
(2012): 7. 

8. Van Tassel‐Baska, Joyce, Chwee Quek, and Annie 
Xuemei Feng. "The development and use of a struc-
tured teacher observation scale to assess differentiated 
best practice." Roeper Review 29.2 (2006): 84-92. 

9. Capraro, Robert M., et al. "Impact of sustained pro-
fessional development in STEM on outcome 
measures in a diverse urban district." The Journal of 
Educational Research 109.2 (2016): 181-196.  

10. James, Lawrence R., Robert G. Demaree, and Gerrit 
Wolf. "Estimating within-group interrater reliability 
with and without response bias." Journal of applied 
psychology 69.1 (1984): 85. 

11. O’Malley, Kimberly J., et al. "Validation of an obser-
vation instrument for measuring student engagement 
in health professions settings." Evaluation & the 
health professions 26.1 (2003): 86-103. 

12. Lara-Alecio, Rafael, and Richard I. Parker. "A peda-
gogical model for transitional English bilingual class-
rooms." Bilingual Research Journal 18.3-4 (1994): 
119-133. 

13. Von Elm, Erik, et al. "The Strengthening the Report-
ing of Observational Studies in Epidemiology 
(STROBE) statement: guidelines for reporting obser-
vational studies." The Lancet 370.9596 (2007): 1453-
1457. 

14. Von Elm, Erik, et al. "The Strengthening the Report-
ing of Observational Studies in Epidemiology 
(STROBE) Statement: guidelines for reporting obser-
vational studies." International journal of sur-
gery 12.12 (2014): 1495-1499. 

15. Barrows, Howard S., and Robyn M. Tamblyn. Prob-
lem-based learning: An approach to medical educa-
tion. Vol. 1. Springer Publishing Company, 1980. 

16. Miles, Matthew B., and A. Michael Huberman. Qual-
itative data analysis: An expanded sourcebook. sage, 
1994. 

17. Sheffield, Linda Jensen. Extending the challenge in 
mathematics: Developing mathematical promise in 
K-8 students. Corwin Press, 2002. 

https://doi.org/10.1051/shsconf/202317401007, 01007 (2023)SHS Web of Conferences 174
SEAA 2023

4


