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ABSTRACT RESEARCH ARTICLE
Biology teachers received professional development to effect instructional changes that

ensure student cognitive engagement and knowledge acquisition at higher cognitive ARTICLE
levels. We asked the following questions: 1) What are the initial needs of teachers to INFORBRAATIO:
promote active learner engagement and knowledge acquisition at higher cognitive levels? 1 ;ﬁe 1;523
2) What changes in teaching practice does each form of support trigger? 3) Do supportive Accepted:
and reflection-based professional development succeed in improving pupil academic 14.02.2024
achievement? Teachers received support in the form of interactive lectures and ready-

made examples in the form of a written lesson plan to develop teaching practices that KEYWORDS:
promote cognitive engagement and knowledge acquisition at higher cognitive levels. Active learning,

learning communities,

Throughout the professional development programme, they reflected on the success of ] X
professional learning,

their teaching practices derived from the lectures and implemented according to the
prepared plans based on feedback. The analysis of video recordings of lessons enabled
the collection of feedback, while learning communities facilitated critical discussions.
Changes in teaching were monitored and identified through (self-)evaluation of recorded
lessons using the Teaching Observation Form (TOF). The impact of the training on
students” academic performance was determined using knowledge tests administered
before and after the teacher training. Although teachers made positive changes in their
teaching, these did not lead to an improvement in students” academic performance.

recorded lesson
analysis, reflection.
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Introduction

The intent of this paper is to support the critical discourse on professional development and
perspectives on the complex construct of professional development (Mooney Simmie et al., 2024),
where what matters is not only whether certain changes are elicited in teachers, but also whether these
changes have a significant impact on pupil learning (Desimone, 2023). In today's world of uncertainty,
“teachers need to engage in development processes throughout their lifetime, to be accountable for
their practices, and to use and draw from research, counter-intuitive knowledge, and evidence as
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valuable contributions to their thinking, to their practices and to their professional development”
(Mooney Simmie, 2023, p. 917).

It is not easy to give a clear answer to the question of what constitutes effective professional
development. Several pieces of research (e.g. Desimone, 2009; Darling-Hammond et al., 2017; Dunst et
al., 2015) have highlighted a number of characteristics of effective teacher professional development:
focusing on learners' understanding of subject matter and how they learn that content, facilitating
active engagement, encouraging collaboration with other teachers, aligning with established curricula
and school policies, and delivering learning sessions of appropriate duration to allow for practice and
feedback. Recently, such "lists" of characteristics of effective professional development have been
criticised. Research on the effectiveness of professional development that includes the aforementioned
characteristics provides conflicting results, suggesting that the education field does not have a
coherent, cohesive vision of what makes professional development programmes effective (Desimone,
2023). Furthermore, Asterhan & Lefstein (2024) note that the consensus on the key features of effective
professional development is not based on solid evidence from large-scale, replicated and rigorously
controlled research studies. Hill et al. (2022) criticise the empirical research on which the consensus on
a core set of characteristics is based. Yang et al. (2020) were unable to confirm the effectiveness of the
established characteristics of effective professional development on pupil learning in their study.
Asterhan & Lefstein (2024) caution against the ambition to identify general characteristics of effective
professional development at all. They believe that it is unrealistic to expect a universal answer to the
question of which approach to professional development is effective. It is necessary to focus on
understanding the conditions under which change occurs in the classroom (Hayes et al., 2024). The
effectiveness of professional development programmes and their implementation depends on a
variety of environmental factors, such as teachers' working conditions, instructional materials and
other resources, school leadership, and informal processes of teacher learning (Asterhan & Lefstein,
2024). Some successful professional development programmes include peer support and the sharing
of experiences (Hill & Papay, 2022). Teachers need to be supported in examining their existing
pedagogical beliefs and how they manifest these in the classroom culture (Hayes et al., 2024).
Desimone (2023) argues that professional development programmes should focus on helping teachers
become experts who can make decisions about what each of their pupils needs. It is important to
provide teachers with ongoing mentoring and collegial support to encourage the development of
specific professional skills and knowledge and to maintain habits of mind (Graham et al., 2020).

Literature Review

Active learning as a feature of high-quality teaching (Baumert et al., 2010; Fortsch et al., 2016)
positively affects learner performance (Dogani, 2023; Neumann et al., 2012;) and is necessary to
acquire knowledge at higher cognitive levels. According to Bloom’s taxonomy, higher cognitive levels
include the processes of understanding, applying, analysing, evaluating and creating according to
revised Bloom’s taxonomy (Anderson & Krathwohl, 2001). Cognitive activation implies the planned
involvement of learners in the teaching and assessment processes, enabling them to master the process
of independent learning and self-assessment. It is reflected in the interaction between teachers and
pupils by asking questions that promote higher-level cognitive processes. Teachers’ questions and
feedback positively affect learners” performance (Kyriakides et al., 2013) and contribute to an in-depth
understanding of the content by activating their prior knowledge and promoting discussion about the
content being learned (Fortsch et al., 2016; Praetorius et al., 2014). In addition to the questions the
teacher asks, the questions posed by learners are also important, as is their free expression of ideas
and hypotheses and the oral or written expression of understanding of the content being learned.
Encouraging learners to engage in the above activities develops the skills of analysis, assessment, and
creation, which are higher-level cognitive skills (Aisyah et al., 2018) and include various forms of
thinking such as critical, logical, and creative (Mainali, 2012). Metacognitive higher-level thinking
processes, which are simultaneously part of the cognitive system (Risti¢ Dedi¢, 2019), control the
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above-mentioned cognitive activities. The described interaction encourages learners to monitor their
work and progress and to use metacognitive knowledge and skills, which ultimately helps to practice
and master the process of self-assessment. This process is inseparable from the learning process.

More cognitive processes in teaching can be stimulated by active learning methods such as
flipped classroom and inquiry-based learning. The flipped classroom is an active learning approach
implemented to improve the quality of learning in school (Ozdamli & Asiksoy, 2016). It includes
homework in the sense of acquiring the information needed to solve tasks at higher cognitive levels in
the classroom (Bergmann & Sams, 2012). At home, learners acquire knowledge at the level of
reproduction using materials selected and designed by the teacher, which is then expanded to higher
cognitive levels in the classroom. According to Candas & Altun (2023) and Kurnianto et al. (2019) the
flipped classroom improves critical thinking skills and learning outcomes in science and positively
impacts motivation for critical thinking.

Inquiry-based learning is a very appropriate strategy for teaching science (Constantinou et al.,
2018; Ladachart et al., 2022) and thus biology. It takes place in phases that correspond to the scientific
methodology. In the conceptualisation phase, preceded by the orientation phase, pupils pose research
questions and hypotheses, then test the hypotheses and draw conclusions (Pedaste et al., 2015). It
requires high cognitive engagement and indicates metacognitive skill development (Nunaki et al.,
2019). Using these strategies, learners acquire biological factual, conceptual, and procedural
knowledge at higher cognitive levels determined by the outcomes of the prescribed subject
curriculum.

Rationale, Objectives, Research Questions and Research Design

The teachers involved in our study received support in the form of interactive lectures (first
line of support) and ready-made examples in the form of a written lesson plan (second line of support)
to develop teaching practices that promote students’ cognitive engagement and knowledge
acquisition at higher cognitive levels. In addition, they reflected throughout the professional
development program based on feedback on the success of their teaching practices derived from the
lectures and implemented according to the prepared plans. An analysis of the video recordings of the
lessons enabled feedback to be gathered, while learning communities facilitated critical discussions.
The described imitates the model of reflective learning, which according to Vizek-Vidovi¢ & Vlahovié¢
Steti¢ (2007) comprises several phases. The first phase is the reflection that takes place during the
planning and implementation of a particular activity (reflection in action — first level loop). The second
phase is a reflection on what has been done and the identification of possible improvements (reflection
on action — second level loop). Finally, there is a critical review and reflection on the reflection itself,
which is the third level loop, and then the process circles back to the first level (Vizek-Vidovi¢ &
Vlahovi¢ Steti¢, 2007). Reflection enables teachers to take an active role in their own professional
development, as individuals who monitor, supervise and guide their own professional growth (Labak,
2020).

Fostering pupils’ cognitively active engagement during classes should become the central goal
of teachers’ professional development. In our study, teachers underwent active professional
development to effect changes in teaching that ensured learners’ cognitive engagement and
knowledge acquisition at higher cognitive levels. To guide our research, we asked the following
questions:

1. What are the initial needs of teachers to promote active pupil engagement and gain
knowledge at higher cognitive levels?

2. What changes in teaching practice does each form of support trigger?

3. Do supportive and reflection-based professional development succeed in improving

pupil academic achievement?
It is known that high-quality learning experiences that relate directly to the curriculum and
instruction and involve active learning, practice and feedback can lead to changes in teachers'
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classroom practice. However, it remains uncertain whether these innovative ideas and practices have
an impact on pupil learning (Desimone, 2023). Improving pupil learning is the most distant variable in
a long causal chain of effects (Asterhan & Lefstein, 2024). Teachers who teach professionally
experience changes in their knowledge and teaching skills, which are reflected in the introduction of
changes to their teaching methods. During the introduction of these changes, teachers evaluate their
effectiveness and modify their teaching practices accordingly. Active pupil engagement and
knowledge acquisition at higher cognitive levels require complex learner-teacher interactions that
often involve the introduction of major innovations in teaching practices. For new learning strategies
to be effective, learners must learn to use them in class, discuss them, reflect on them, and explain
under what conditions they are effective (Cesi & Ivandié, 2019). While teachers are introducing
innovations into their practice, students are at the stage of adopting and practising these innovations
and are not yet using them as their typical learning methods. Therefore, in relation to the research
questions posed, our hypothesis is that teachers will change their teaching practices. However, we
expect that these changes in teaching will not result in improved pupil achievement while
professional development is ongoing.

To verify the set hypotheses, we conducted a pretest and posttest before and after the
professional development. The results of the posttest were compared with the results of the pretest. It
created an experiment with a group where the success of a treatment is determined by comparing the
pretest and posttest (Mills & Gay, 2019).

Methods

The research included four biology teachers and their 8th-grade pupils (mean age = 14.1; N =
134). Teachers underwent professional development during the second semester of the 2021/2022
academic year (from February to the end of May). We designed a professional development program
that included the three phases listed in Figure 1.

Figure 1

Phases of the professional development program
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First Phase

Before the implementation of professional development, one biology lesson was recorded for
each teacher. These were regular lessons that were scheduled in the curriculum at the time of
recording. The video recordings were analysed using the Teaching Observation Form (TOF). The TOF
(Bezinovi¢ et al., 2012) assesses the presence of the teaching features that fall into six categories:
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classroom atmosphere, the structure of the lesson, involvement and motivation, individualisation and
differentiation of teaching, teaching metacognitive skills and learning strategies, feedback, and
formative assessment. This research selected some of the TOF categories, i.e., features essential for the
active involvement of learners in the teaching process which help them attain higher-level cognitive
engagement (Table 1 and Table 2 in the Results, referring to the level of questions asked during
teaching to attain student understanding and self-assessment). The lessons were analysed
independently by two raters involved in the project and by the teachers themselves to determine the
representation of certain features listed in the TOF. If a feature was not present, it was given a score of
zero; if it was present but to an insufficient degree, it was given a score of 0.5; and if a feature was
sufficiently present, it was given a score of 1. Table 1 shows the ratings of each teacher’s teaching
features (indicated by numbers from 1 to 4), and the numerical values in the columns marked RA
indicate the average of the assessed feature from two raters. Inter-rater reliability was determined
using Cohen’s kappa coefficient, whose values can range from 0 (no agreement between raters) to 1
(excellent agreement between raters), with values below 0.20 indicating poor agreement, from 0.21 to
0.40 fair, from 0.41 to 0.60 moderate, from 0.61 to 0.80 good, and from 0.81 to 1.00 very good
agreement (Landis & Koch, 1977). Table 1 also shows the average presence of teaching features, which
was calculated by adding the self-assessment scores and the raters’ average scores separately and
dividing them by the number of teachers. If the average of a feature assessed by the raters was 0.5 or
less, it was marked with a 1 sign, which meant that it needed improvement. In this step, the pretest
was conducted and evaluated to determine the students’ prior knowledge. The pretest and the
analysis of the lesson were the grounds for planning professional development.

Second Phase

The training programme began with an initial online learning community in which teachers
critically reflected on the feedback they had gained from analysing the initial video recordings of all
teachers' lessons. Following the learning community, the teachers took part in an interactive lecture.
The outcome of the lecture was: Discuss the didactic and methodological design of the lesson in which pupils
respond to higher cognitive level questions, formulate observations and conclusions independently and make a
self-assessment of the learning process and progress in relation to the objectives of the lesson. The outcome of
the lecture was determined based on the analysis of the recordings of the initial lessons and the pretest
(see the arrows in Table 1 in the AZU column). After the learning community, the teachers applied
what they had learned. Specifically, they independently planned a lesson that was recorded and
analysed (by themselves) using the TOF. This independent lesson planning based on what was
learned was the first line of support. In the second phase, there were two learning communities, and
two lessons were recorded and analysed. The changes prompted by the first line of support were
recorded and analysed following the same procedure as for the initial lesson The changes are
presented as the average of the presence of the individual features of all teachers (Table 3).

Third Phase

After recording and analysing two lessons, teachers received a second line of support, viz
ready-made examples in the form of a written lesson plan. The lesson plans included flipped
classroom and inquiry-based learning, teaching approaches that can enhance all features of the lessons
that were found to need improvement during the analysis of the recordings (Table 3, progress column
compared to the initial recording). The lessons held after the second line of support were recorded as
before and analysed in learning communities. All changes in relation to the first line of support are
shown in Table 3 as the average of features for all teachers. Two lessons were recorded and three
learning communities that analysed the recordings were held as the second line of support.
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Statistical Analysis

For this study, we designed a pretest and posttest. Each test consisted of two questions to
determine the first cognitive level (remember) and nine to examine higher cognitive levels
(understanding, applying, analysing, evaluating and creating) determined according to a revision of
Bloom's taxonomy of educational objectives (Anderson & Krathwohl 2001).

Before implementing the research instruments, we conducted a pilot study on a sample of
students who did not participate in this research to examine their measurement characteristics. The
pilot study for the pretest test was conducted on a sample of 288 students, and for the posttest test on
a sample of 136 students. We calculated Cronbach’s alpha coefficient as a measure of the reliability of
both tests. For the pretest, the coefficient was 0.97, and for the posttest, it was 0.94. Considering these
values, both tests are highly reliable (Bukvi¢, 1982). In addition, we calculated an item difficulty index
(p) and a discrimination index (D) for each question in both tests. The item difficulty index indicates
how easy or difficult a question is, while the discrimination index indicates how effective a question is
in measuring differences between students (Cohen et al.,, 2007; Danuwijaya, 2018). Difficult and
unacceptable questions were excluded from the test before the implementation with the pupils whose
results we present in this study.

In both tests, the maximum score on the first-level cognitive questions was 2.5, while the
maximum score on the higher-level questions was 22.5. Because the professional development
programme was conducted with the expectation that the resultant teaching would elicit higher
cognitive levels of learning, the tests evaluated mainly higher level of knowledge. In the tests, pupils
were given the possible score next to each question and asked to estimate how many points they
expected to score on each question. The ratio between the achieved and the expected score served as
an assessment of the acquired self-assessment skills (Pavlin-Bernardi¢ & Vlahovié-Stetié, 2019).

The normality of the data distribution was calculated using the Kolmogorov-Smirnov test,
while the homogeneity of variances was determined using the Levan homogeneity test. The overall
performance in each written test is presented by descriptive statistics. Differences in the pretest scores
between pupils from each teacher were determined by the ANOVA test, while differences in scores on
the pretest and posttest were determined by the paired samples t test. Statistical tests were performed
using the statistical software package Statistika 12 (Quest Software Inc., Aliso Viejo, CA, USA) with a
significance level of a = 0.05.

Findings
Initial Teacher Needs

The initial needs of the teacher were identified through the analysis of the first lesson and the
pretest. The analysis of the initial lesson revealed that three out of five observed teaching features
related to asking questions needed improvement. Two teachers needed to improve asking questions
("x1 indicated by bold numbers). For these two teachers, two of the five features are absent in teaching,
while the other two teachers exhibited these features to a sufficient or insufficient degree. In relation to
the teacher’s willingness to respond to the pupils’ questions and their free expression of ideas and
asking questions, the teachers’ self-assessment (SA) and the raters” assessment (RA) did not coincide.
The teachers assessed features as being present when pupils asked about the rules for completing
tasks and assignments, while raters assessed only questions and answers related to understanding the
content being taught. All three observed teaching features related to content understanding need
improvement and all four teachers needed to improve in this regard. The self-assessment and the
raters’ assessment in this latter part of the teaching observation correspond. The greatest discrepancy
is in the average presence of the features related to independent notetaking. Teachers assessed
copying from the board or presentation as independent notetaking, while raters rated only notes
students made individually. The analysis of the initial recordings also revealed that all the observed
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features related to self-assessment needed to be improved. Regarding self-assessment features,
teachers’ and raters” assessments are largely similar, as shown in Table 1.

Table 1

Distribution of Students by Gender

Teaching features SA1 RA1 SA2 RA2  SA3 RA3 SA4 RA4 XSA X RA AZU
Teaching features related to asking questions

The teacher willingly 1 0 1 0.5 1 0.5 1 0.5 1 0.4 1

answers the pupils’

questions.

Pupils are free to 0.5 0 1 1 1 1 1 0 0.9 0.5 1

express their ideas or

ask for clarifications.

The teacher allows 1 1 1 05 1 1 1 1 1 0.9
pupils enough time to

answer questions

The class is interactive 0.5 1 1 1 1 1 1 1 0.9 1

(lots of questions and

answers).

The teacher asks 0.5 0.5 0.5 1 0.5 0.5 0 0 0.4 0.5 1

thought-provoking
questions (which
stimulate higher-level
cognitive processes).

x1 0.7 0.5 0.9 0.8 0.9 0.8 0.8 0.5
Teaching features related to the understanding of the content being taught
The teacher emphasises 0.5 1 1 0 1 1 0 0 0.6 0.5 1

understanding and not

just memorising

concepts.

The teacher encourages 0.5 0 0 1 0.5 0.5 0 0 0.3 0.4 1
pupils to express in their

own words how they

understood the content

being taught.

The teacher encou-rages 0.5 0.5 1 0 0 0 0 0 0.4 0.1 1
pupils to independently

take notes and organise

the content (e.g., by

highlighting key ideas

and concepts or making

simple mind maps).

x1 0.5 0.5 0.6 0.3 0.5 0.5 0 0
Teaching features related to self-assessment
The teacher clearly 0 0 0 0 1 1 0 0 0.3 0.3 )

states the objectives of

the lesson (learning

outcomes).

The teacher encourages 0 0 1 0 0 0 0 0.5 0.3 0.1 T
pupils to monitor and

review their work (e.g.,

to identify and correct

errors, to verify the

solution they have

reached).

The teacher asks pupils 0 0.5 0 0 0 0 0.5 0 0.1 0.1 1
to evaluate their own

work and progress.

454



Labak, Kujundzi¢, & Bognar, 2024

Teaching features SA1 RA1 SA2 RA2  SA3  RA3 SA4 RA4 X SA *RA  AZU
x1 0 0.2 0.3 0 0.3 0.3 0.2 0.2

Note.SA — self-assessment of teaching features, RA — raters' assessment of teaching features, XSA — mean representation of teaching
features of all teachers — self-assessment, XRA — mean representation of teaching features of all teachers — raters' assessment, AZU —
aspect that needs to be improved; 1 improvement necessary, X1— mean representation of teaching features of an individual teacher;
For Teacher 1, 1 Fleiss” kappa showed that there was good agreement between the raters (x=.709 (95% CI, .695 to .722), p < .0005);
for Teacher 2 moderate agreement (k=.557 (95% CI, .543 to .571), p <.0005; for Teacher 3 moderate agreement k=.585 (95% CI, .571
to .598), p <.0005, and for Teacher 4 very good agreement k=827 (95% ClI, .812 to .841), p <.0005.

Figure 2
Pupils’ scores on questions of different cognitive levels of the pretest

25

20

15

10

achieved and expected points

Question levels

@ achieved - the first level [ expected - the first level

O achieved - higher level [ expected - higher level

Figure 2 shows that pupils scored an average of 1.1 on the first-level questions, while the self-
assessed average was 1.6. For the first-level questions, they could score a maximum of 2.5 points. The
achieved score ranges from 0 to 2.5 points, with 25% of them scoring 0 points and 25% scoring 1.5
points or more. They overestimated themselves in the self-assessment. At the same time, 25% expected
1 point or less, while 25% expected 2.5 points or more. For the higher-level questions, the highest
possible score was 22.5. The average score was 10.9 points, while the expected average score was 11.6
points. Pupils scored between 4.5 and 17.5 points while expecting 0 to 22.5. At the same time, 25%
scored 9 points or less, and the same number expected 8 points or less. An equal number of students
(25%) scored 12.5 points or more and expected 15.5 points or more. The students of the teacher with
the number 3 achieve the best average results in the questions from both levels examined, but the
difference to the students of the other teachers is not statistically significant.
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Table 2

The scores of pupils in solving questions of different cognitive levels in the pretest of the knowledge of individual
teachers

Question Teachers N Mean Std. Std. 95% Confidence Interval Min. Max.
levels Deviation Error for Mean
Lower Upper
Bound Bound
First- level 1.00 41 0.85 0.85 0.13 0.58 1.12 0.00 2.50
2.00 39 1.24 091 0.15 0.95 1.53 0.00 2.50
3.00 14 1.29 1.05 0.28 0.68 1.89 0.00 2.50
4.00 40 1.05 0.85 0.13 0.78 1.32 0.00 2.50
Higher- 1.00 41 10.60 2.57 0.40 9.79 11.41 4.50 16.00
level 2.00 39 10.66 3.22 0.52 9.62 11.71 4.50 17.50
3.00 14 11.50 3.05 0.82 9.74 13.26 6.50 16.50
4.00 40 11.26 3.16 0.50 10.25 12.27 5.00 19.50

Changes in Teaching as a Result of Professional Development and Their Impact on Pupil
Academic Performance

Two lines of support incited the changes — independent didactic-methodical design of lessons
based on what was learned in the learning communities (first line of support) and the examples of
lessons’ didactic-methodical plan (second line of support). Table 3 shows the analysis of the third
lesson, i.e., the application of the first line of support; and the analysis of the fifth lesson, i.e., the
application of the second line of support. After that, the teachers completed their professional
development programme.

Table 3

Analysis of the final recording regarding teaching features and changes as a result of teachers’ professional
development

Teaching features 1st line of Progress 2nd Jine of support  Progress

support compared to the compared to the

SA  ¥RA initial recording ZSA TRA 1st line of

support
Teaching features related to asking questions
The teacher willingly answers the pupils’ 0.8 0.2 4 0.6 0.6 7
questions.
Pupils are free to express their ideas or ask for 0.7 0.7 7 0.8 1 7
clarifications.
The teacher allows pupils enough time to 1 1 « 1 1 «
answer the questions he or she poses.
The class is interactive (lots of questions and 1 1 « 1 1 <
answers).
The teacher asks thought-provoking questions 0.7 1 7 0.6 1 ©
(which stimulate higher-level cognitive
processes).
Teaching features related to the understanding of the content being taught

The teacher emphasises understanding and not 0.8 0.8 7 0.8 0.8 <
just memorising concepts.
The teacher encourages pupils to express in 0.6 0.7 7 0.7 0.9 7
their own words how they understood the
content being taught.
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The teacher encourages pupils to independently 0.3 0.3 « 0.9 0.9 7
take notes and organise the content (e.g., by

highlighting key ideas and concepts or making

simple mind maps).

Teaching features related to self-assessment

The teacher clearly states the objectives of the 05 0.5 « 0.7 0.6 7
lesson (learning outcomes).
The teacher encourages pupils to monitor and 0.8 0.6 7 0.7 0.7 7

review their work (e.g., to identify and correct

errors, to verify the solution they have reached).

The teacher asks pupils to evaluate their own 05 0.5 And 04 0.5 And
work and progress.

Note. X SA — mean representation of teaching features of all teachers — self-assessment, Xt RA — mean representation of teaching
features of all teachers — raters' assessment, <> no progress, 7 progress, © decline.

On average, the first line of support led to progress on all teaching features that needed
improvement, except for the teacher’s willingness to answer pupils’ questions, where there was a
decline. For this feature, there are differences between the teachers’ self-assessment and the raters’
assessment that did not even out until after the second line of support, when this feature was present
to a greater extent in the classroom. The first line of support resulted in progress in understanding.
Only the feature related to pupils taking notes independently required further support. Clearly stating
the objective and outcome of the lesson, which is a function of (self-)assessment, was partially
represented after the first line of support, and a slight increase was observed after the second line of
support. The incentive for learners to monitor and assess their own work and progress did not
improve after the second line of support. In summary, on average, teachers made progress on all
observed features by the end of their professional development programme. Pupil self-assessment
could still be improved.

Although teachers made positive changes in teaching, these were not reflected in pupil
performance. Comparing the posttest (Figure 3) to the pretest (Figure 2), they achieved a lower
average score on first-level questions (t(129)=2.03; p=0.045, effect size Cochen’s d = 0.18) and a lower
average score on higher-level questions in the posttest (t(129)=6.71, p < 0.001; effect size Cochen’s d =
0.59). In the first-level questions, they scored 0.9 points on average, while they expected to score 1.4.
For higher-level questions, they scored an average of 8.6 points, while the self-assessed average was
10.7. The scores on higher-level questions in the posttest range from 2.5 to 14.5 points, which is less
than the pretest. A quarter of the pupils scored 6.9 or less, and the same number scored 10 or more.
Although the average of achieved and expected score is the same for the higher-level questions, the
differences in expected distribution are visible, so they expected a range from 0 to 22.5, which is also
the maximum score. A quarter of the pupils expected 15 points or more.

Figure 3

Students’ score in solving questions of different cognitive levels in the posttest
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i ==

Question levels

achieved and expcted points

@ achieved-the first level [ expected - the first level

[ achieved - higher level [J expected - higher level
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Discussion

In this study, we observed the changes in teaching practice that promote pupils' active
engagement and acquisition of knowledge at higher cognitive levels as an outcome of professional
development for biology teachers. To bring about these changes, support was provided in the form of
interactive lectures (first line of support) and ready-made lesson plans (second line of support).
Throughout the training programme, teachers reflected on the success of the teaching practice learned
in the lectures and implemented using the lesson plans provided, based on feedback. An analysis of
the video recordings of the lessons enabled feedback to be gathered, while learning communities
facilitated critical discussions. The design of the applied professional development programme tested
the hypothesis that teachers would exhibit positive changes in instructional practice but that these
positive changes would not result in improved pupil achievement while professional development is
ongoing. After the first line of support, progress in lesson design and increased pupil activity were
observed compared to the first lesson. With the introduction of the second line of support, almost all
aspects that were not improved by the first line of support were improved. Despite the positive
changes in teaching, the analysis of the post-test and its comparison with the pre-test showed no
positive effects of the changes in teaching on the pupils' performance.

According to Asterhan & Lefstein (2024), it is unrealistic to expect to find a clear answer to the
question of which approach to professional development is the most effective and to what extent. The
approach must correspond to the desired change that one wants to bring about. For example, is it
subject-specific knowledge, pedagogical knowledge or the development of teaching skills? Or is the
aim to develop a teacher who carries out a self-evaluation of their teaching and takes action based on
this? In this case, improving professional judgment may be best achieved through hands-on
simulations or collaborative planning of practice presentations with like-minded colleagues (Horn &
Garner, 2022). The effectiveness of the design depends critically on how it is implemented (Patfield et
al., 2021). Whether something is effective depends on the professional and school environment in
which teachers work, the professional knowledge, skills, judgment, and wisdom of leaders and
teachers, and how all these factors interact (Asterhan & Lefstein, 2024). Therefore, in designing our
professional development programme, we first identified the needs of the teachers involved in our
study. By evaluating the pretest and analysing the video recordings of the first lesson, we gained
partial insight into their usual teaching practices, and all of our future interventions were based on the
aspects of teaching that we identified as needing improvement through these analyses. The pretest
examined the pupils’ prior knowledge that they had acquired before teachers’ professional
development program. The content included in the pretest was studied during the school year in
which the pretest was administered and the year before when the pupils attended seventh grade. The
relatively low pretest score suggests that many of them had forgotten some facts that are critical not
only for answering first-level questions but also for application in solving tasks of higher cognitive
level. The obtained scores can also be explained by the way teachers teach. Considering that the
observation of the classes showed that, on average, pupils do not ask enough questions that contribute
to the understanding of the content taught, that they do not express their ideas freely enough and do
not ask enough for clarifications, and that teachers do not ask enough questions that stimulate
thinking (Table 1), the lower pretest score was expected. On average, pupils’ active participation is
also underrepresented or absent in expressing their understanding of what is taught or summarising
and organizing notes independently. Self-assessment, essential for higher-level learning, is also poor
on average. Pupils are not encouraged to monitor and review their work or self-assess, and there is no
clear setting of the objective at the beginning of the lesson so that they can self-assess. The self-
assessment results suggest that pupils are not accustomed to self-assessing their work and results,
which may explain the differences in self-assessed and actual scores.

Although some features important for active engagement and knowledge acquisition at
higher cognitive levels are present in the initial lesson such as interactive teaching in terms of
alternating questions and answers, it is evident from the results of the pretest that they are not
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sufficient to contribute to better student learning outcomes. To achieve better understanding,
instruction that promotes higher-level cognitive engagement of learners is required, which, according
to Lee et al. (2019) and Mayer (2004), leads to better performance and deeper conceptual
understanding. In such teaching, the presence and interaction of all observed features are essential.
Indeed, the indeterminate difference in the scores achieved by students on the pretest (Table 2)
suggests that all teachers provide similar teaching (Table 1) that leads to the same learning outcomes.
According to Table 1 all teachers, except Teachers 2 and 3, need to improve teaching features related
to asking questions, while all four teachers need to improve teaching features related to
understanding and self-assessment. According to an equal score achieved on higher-level questions
on the pretest it can be assumed that acquiring knowledge at higher cognitive levels requires teaching
that involves the interaction of all features, not just some.

In the pretest, there was a discrepancy between the self-assessed score and the achieved score
(Figure 2), indicating that the pupils had not developed self-assessment skills. Self-assessment is based
on learners’ metacognition. Unfortunately, teachers lack the knowledge to develop and implement it
in the classroom (Ben-David & Orion, 2013; Labak, 2022; Seraphin et al., 2012). In addition to the
barely present features that relate to self-assessment, there are also partially present features
functioning as self-assessment (e.g., the learner seeking clarification and answering questions that
stimulate thinking). These features are crucial for elaborating one of the strategies of independent
learning and contributing to knowledge at higher cognitive levels (Pavlin-Bernardi¢ & Vlahovié-Stetié,
2019). They are also a tool for immediate feedback on pupil understanding and assessment of learning
progress (Hattie, 2008). Independent notetaking and organising of acquired content are also strategies
for monitoring lessons, which (like other student activities observed in this study) should be guided
by metacognitive processes. The absence of the above teaching features makes it impossible to engage
learners’ metacognitive processes systematically and explicitly in learning. If teachers do not teach
them metacognitive strategies that help them monitor their progress and take control of their learning,
it will not ultimately lead to better educational outcomes (Risti¢ Dedi¢, 2019).

The Impact of Professional Development on Teaching Practice and Its Influence on
Pupils' Academic Achievement

The training programme implemented in our study, which consisted of support and
continuous reflection, led to positive changes in teaching. At the end of the programme, teachers
showed all the characteristics during their teaching practice that contribute to active engagement and
higher level learning through their interactions. The support we gave them could be likened to
coaching and mentoring as described by Jin et al (2021). Contemporary training models have evolved
into coaching and mentoring models that function like an apprenticeship where individuals observe
and learn with and from others who are recognised as experts (Jin et al.,, 2021). Eshchar-Netz &
Vedder-Weiss (2021) argue that novice teachers may refrain from sharing their work with others or
seeking guidance from more experienced colleagues, while experienced teachers may be reluctant to
disclose the challenges they face. Despite the sharing of teaching tips among teachers, it may prove
difficult to establish constructive professional dialog for reflective collaborative inquiry (Eshchar-Netz
& Vedder-Weiss, 2021). In our study, we fostered a culture of reflection and learning community
where collaborative and friendly relationships were cultivated that allowed teachers to voice their
observations, limitations and challenges. They were able to clearly articulate which form of support
was of greater benefit to them and why. For example, they mentioned that the second form of support
was helpful, but they found that a pre-packaged lesson plan did not quite suit their pupils (e.g.
flipped classroom and inquiry-based learning, which also affected the final test score).

The first line of support for teachers contributed to the realisation of changes in their teaching,
which related to almost all observed features (Table 3). The most progress (in the sense that all
teachers exhibited a feature) was made in asking questions that stimulate thinking (Table 1 and Table
3). To ask such questions, teachers must possess adequate content knowledge. The progress achieved
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indicates the improvement in pedagogical content knowledge developed during professional
development. Baumert et al. (2010) found a relationship between maths teachers” pedagogical content
knowledge and pupils’ cognitive involvement. The improvement in pedagogical content knowledge is
also related to progress in changing the focus from teaching focused on memorising concepts to
teaching focused on understanding as indicated by the recorded progress on the first two features
related to understanding (Table 3). Only at the end of professional development programme, after the
second line of support, did pupils begin to ask more questions about understanding the content they
were learning (Table 3, first feature). It indicates that teachers needed clear instructions on how to
create situations in which learners would ask questions, but also that learners needed time to adjust to
the new teaching conditions To clearly articulate goals, teachers needed a different form of support,
which resulted in a relatively small change in teaching practice. Even in the final recorded lesson,
teachers only partially encouraged pupils to self-assess concerning the defined objective. Self-
assessment is part of formative evaluation, which according to Vingsle (2015), is a complex process
that is difficult to integrate into teaching practice and requires psychological and practical support
(Yan et al., 2021). Encouraging learners to take notes independently and organise the content they
have learned has been significantly improved through the second line of support. In our study, as
researchers, we were able to tailor the programme to the teachers' needs, which corresponds to the
model of professional development described in (Labak, 2020), through reflective discussions in
learning communities. During the reflection, teachers recognised the challenge of applying what they
had learned in the interactive lectures to their classroom practice. Therefore, we decided to introduce a
second line of support for them. A similar result, especially among university teachers was also found
in the study by Labak & Blazeti¢ (2023).

According to Deibl et al. (2018), lesson planning is not an intuitive process, especially when
we introduce innovations that require deep thought, observationand reflection. The adequate way to
reflect is through analysis of teaching videos, as it provides an understanding of how pupils learn
specific content (Grossman, 2014), which according to Boston & Smith (2009), is necessary for teachers
so they could effectively address identified learners’ educational interests. The professional
development program designed for this study included learning community meetings with interactive
lectures, implementation of what was learned in class, analysis of teaching videos and reflection, and
implementation of a ready-made didactic-methodical teaching practices. Islami et al. (2022) refer to
these approaches as something teachers commonly use during their professional development. There
is a growing consensus that professional development needs to take a collaborative approach that
goes beyond the traditional boundaries of training to include observational placements, skills
enhancement, proactive planning, achievement of learning objectives and adaptive expertise. There is
a newfound urgency to support teacher experimentation with inquiry-based learning, drawing on
evidence, integrating reflection, embracing the concept of learning from mistakes, and extending
professional development programmes over time (Blackmore & O’Mara, 2022; Mooney Simmie et al.,
2024). The positive changes teachers experienced in this research should be seen as a product of the
interplay of all the approaches used. Support and reflection were the backbone of teachers’
professional learning and allowed them active participation in their learning process. Darling-
Hammond et al. (2017) describe active learning as one including collaboration, coaching, feedback,
reflection, and models and modelling. In our study experts and teachers were equally involved in
learning communities, although their roles differed. Experts provided professional support to teachers
in their presentations, the design of teaching examples, and feedback on the effectiveness of
implementation, which Nugent et al. (2016) reported had a positive impact on teachers’ confidence.
Teachers supported each other in the form of discussion about how best to adapt the planned changes
to students and specific teaching conditions.

Professional development for teachers should help them to understand and improve their
teaching practice with the aim of improving pupil learning (Lozano Cabezas et al., 2022). Guskey &
Yoon (2009) believe that teachers’ professional development leads to better learner performance
because it allows them to better understand what they teach and how learners learn. According to
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Desimone et al. (2002), changes in teaching can help to improve learning. However, there is evidence
that this does not necessarily lead to improved student academic achievement (Yang et al. 2020; Yoon
et al., 2007). These results are not surprising given that improving learning performance is the most
distant variable in the impact chain (Asterhan & Lefstein, 2024). The professional development
programme is expected to have an impact on teachers' skills, beliefs, and/or knowledge, resulting in
improved instructional practices that influence the cognitive, motivational, and/or affective aspects of
learner engagement and ultimately translate into individual learner test scores (Kennedy, 2016). The
assumption of our study, which we confirmed, is that positive changes in teaching do not necessarily
result in better academic performance while teachers are in the professional development phase.
Pupils scored lower on average on both cognitive level questions on the posttest than on the pretest.
This setback may be related to the fact that they were exposed to the acquisition of two types of
knowledge arising from their teachers’ professional learning: content knowledge, determined by the
biology curriculum outcomes, and metacognitive knowledge. Intending to improve the observed
characteristics, teachers introduced changes such as inquiry learning and flipped classrooms, which
were new to them and their students.

During a short period (from February to the end of May), the pupils were exposed to various
changes in the classroom. During this time, they learned various biological content conceptually based
on evolution, which according to Ross et al. (2010), is a concept of abstract but grounded ideas for
understanding numerous processes and phenomena in biology. They adopted this concept at higher
cognitive levels dictated by the subject curriculum, using strategies that enabled reaching higher
cognitive levels and ensuring improvement in the teaching practices of the teachers involved in the
study. Most of these strategies were new to learners. They were simultaneously experiencing new
teaching strategies and learning biology content. Because the assessment of the effects of teachers’
professional development on their academic performance occurred immediately after the
implemented changes, learners did not have sufficient time to internalise the new learning practices.
We hypothesise that effective teaching intervention needs more time to show positive effect. In other
words, we might expect changes in teaching and educational outcomes would become more visible
when everything teachers learned during their professional development became a well-established
and common teaching practice and a way of learning students are familiar with. The lack of
knowledge retention testing due to pupils’ transition to higher levels of education is both a limitation
of our study and an opportunity for further research.

Conclusion and Implications

The focus of our research has been on two aspects: first, we wanted to find out whether a
developed professional development programme brings about positive changes in teaching and under
what conditions these changes occur. Secondly, we wanted to gain insight into the conditions under
which changes in teaching lead to improvements in student learning.

The implemented professional development programme appeared to be effective in changing
teaching practices but did not show improved pupil academic performance. During professional
development, teachers analysed the effectiveness of their teaching concerning the innovations
introduced, and pupils were at the stage of accepting these innovations as a new way of learning. The
effect of professional development on learners’ academic performance would be good to test after
teachers and learners have internalised the new learning approaches. Knowledge retention tests are
likely to be a more effective and reliable means of testing the interdependence of teaching changes and
the effectiveness of learning, and they are essential for critically considering cause-and-effect
relationships, especially when introducing teaching changes that involve higher learner
(meta)cognitive engagement and the acquisition of knowledge at higher cognitive levels.
Unfortunately, it was impossible to achieve this in our study because the participants were pupils in
the final grades of primary school who continued their education in high schools after the completion
of this study. The applied design of the study included not only the question of how well professional
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development programmes work, but also why they (do not) work. Therefore, the results of our
research support the critical discourse on professional development and offer perspectives on the
complex construct of professional development.
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