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ABSTRACT

Which dimensions of instruction can be reliably captured using student perception
surveys, is subject for debate. The aim of this study is to empirically explore the validity
and limitations of two different measures of cognitive activation: systematic classroom
observations and student perceptions. 34 video-recorded lessons from ten lower
secondary mathematics teachers in Iceland were analysed using an observation system
and compared to 217 responses to the Tripod student perception survey. The results
indicate that for the cognitive activation dimension, the connection between observer
ratings and student perceptions is weak, raising questions about the validity of different
measures of instructional quality.
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Student perception surveys are frequently incorporated as a cost-effective data
source in both research on instructional practice and educator accountability systems
(Phillips et al., 2021). Studies have indicated some promising evidence for convergence
between student ratings and teachers’ value-added scores, although caution is advised
in basing high-stakes decisions on such ratings (Buchholtz et al., 2020; Kuhfeld, 2017;
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Sandilos et al., 2019). Questions remain about which dimensions of instruction can be
reliably captured by student perception surveys, as student ratings may not be equally
valid for every dimension (Praetorius, 2014; Wallace et al., 2016). Further knowledge is
warranted on the validity of specific dimensions of instruction in student perception
surveys. Their development may come alongside the exploration of synergies across
classroom observation frameworks, thus moving the field of instructional practice
studies forward and toward a more common lexicon (Grossman & McDonald, 2008;
Praetorius & Charalambous, 2018).

Cognitive activation has widely been acknowledged as an important dimension
of instructional quality (Baumert et al., 2010; Bell et al., 2019; Krauss et al., 2020).
In mathematics classrooms where instruction is considered cognitively activating,
students are invited to explain their thinking, justify their solutions, provide rea-
soning as well as generate ideas and conjectures. The teacher can create potential
for cognitively activating instruction by selecting appropriately challenging tasks
and engaging in mathematically rich practices, and thus facilitate students’ cogni-
tive activity (Praetorius & Charalambous, 2018). Such practices involve both present-
ing students with an adequate level of intellectual challenge as well as providing them
with opportunities for mathematics-related discourse in the classroom. In research
on teaching and learning, these factors have been measured by both systematic
classroom video observations and task analysis (Sigurjénsson & Gisladottir, 2020;
Tekkumru-Kisa et al., 2020). While systematic analysis of classroom video is a time-
consuming research method, it provides opportunities for thorough analysis of the
complex interactions that take place during instruction (Blikstad-Balas, 2017; Snell,
2011). Observation systems provide the indispensable common vocabulary to describe
and analyse instruction systematically despite being sensitive to rater error and pos-
sible biases when applied across contexts (Luoto et al., 2022; White, 2018).

The aim of this study is to contribute to the empirical knowledge of the validity and
limitations of student perception surveys and classroom observations in measuring
cognitive activation. In this paper, results are presented based on video observations
and student perceptions in mathematics lessons at the lower secondary level in Iceland.
The study builds on data from the Quality in Nordic Teaching (QUINT) research initiative
whose vision is to investigate instructional quality in the Nordic countries using video
observations and student perception surveys. By examining the connection between
classroom observations and self-reported student perceptions of cognitive activation,
it is illustrated how the results from two different approaches may align or differ. The
research question addressed is: What is the nature of the connection between class-
room observations and student ratings as measures of cognitive activation?

Cognitive activation
Although frameworks differ somewhat in their exact conceptualisations, there
is a general agreement that instructional quality is a multidimensional construct

(Grossman et al., 2013, 2014). Cognitive activation is claimed to emerge consistently as
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one of three crucial components of instructional quality, along with individual learn-
ing support and efficient classroom management (Kunter et al., 2013). Furthermore,
cognitive activation is among the dimensions of teaching most often represented in
both mathematics-specific and content-generic frameworks for analysing instruc-
tional quality (Bell et al., 2019; Praetorius & Charalambous, 2018). In an analysis of
twelve frameworks that have been employed in studying mathematics instruction,
Praetorius and Charalambous (2018) conceptualised cognitive activation as consisting
of three aspects of teaching practice: (1) the teacher’s selection of challenging tasks
and use of mathematically rich practices, (2) facilitation of students’ cognitive activ-
ity, and (3) supporting students’ meta-cognitive learning from cognitively activating
tasks. In mathematics, students have opportunities to be cognitively activated when
they are given the chance to actively participate in idea generation and conjectures,
explain their thinking, reason, or justify their solutions. In the field of mathemat-
ics education, several studies have been conducted on different aspects of cognitive
activation. Cognitively activating instruction can be viewed as conducive to provid-
ing opportunities for students’ productive struggle, meaning they expend reasonable
effort to make sense of mathematics (Granberg, 2016; Hiebert & Grouws, 2007). In
Russo and Hopkins’ (2017) results from interviews of 73 elementary school students,
evidence was found that students enjoyed the process of being challenged in math-
ematics and embraced the struggle involved with demanding tasks. These results con-
trasted with teacher concerns about older students’ struggles to engage meaningfully
in whole-class mathematical discussions (Leikin et al., 2006). However, more recent
studies of teacher perceptions have shown less concern and generally a more positive
attitude to posing challenging tasks involving teacher-facilitated discussion (Russo
& Hopkins, 2019; Sigurjonsson & Kristinsdottir, 2018). Thus, mathematics teachers
seem to increasingly agree that facilitating opportunities for meaningful engagement
with mathematical concepts through cognitively activating instruction is both desir-
able and good practice.

Cognitive activation has been measured in various ways and associations have been
found with other educational factors. Importantly, evidence suggests that cognitively
activating instruction positively impacts student achievement (Baumert et al., 2010)
and that such teaching practices are significantly predicted by a teacher’s professional
content knowledge (Wilhelm, 2014). In a recent study including 163 mathematics
classrooms, approximately 90% of the variance in learning gains was explained by
a model in which observable teaching behaviour included three dimensions: cogni-
tive activation, individual learning support and classroom management (Krauss et al.,
2020). In the study, the potential for cognitively activating instruction was analysed
using mathematical tasks as the unit of analysis, which is a common method (see
e.g. Neubrand et al., 2013; Sigurjonsson & Gisladéttir, 2020; Tekkumru-Kisa et al.,
2020). This method of analysis may include either tasks as exercises from textbooks
and other learning materials, or tasks from tests and examinations. Although strictly
analysing tasks may reliably indicate the teacher’s selection of challenging tasks, this
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approach has limitations regarding the measurement of the two other equally impor-
tant aspects of cognitive activation that involve interactions in the classroom: the
use of mathematically rich practices and facilitation of cognitive activity (Praetorius
& Charalambous, 2018). The extent to which students explain their own ideas and
engage with others’ ideas in classroom-situated discourse is another indicator of cog-
nitively activating instruction in practice. In a study where video recordings were used
to examine this aspect, the results indicate that in order to understand how teaching
practices relate to student learning it is necessary to consider student participation
(Ing et al., 2015). For student participation and classroom interaction to be considered
in measuring cognitive activation, data collection methods such as classroom obser-

vation or student self-reports are required.

Video-based classroom observation

While observation has been at the heart of classroom research for decades, tech-
nological advances and improved access to suitable recording devices have made
video-based observations an increasingly more viable research method (Xu et al,,
2019). Among the distinctive features of video data is that it is a real-time sequential
medium, meaning that researchers can review video segments as many times as they
like (Jewitt, 2012). This has created opportunities for multiple methods of analysis as
well as multiple researchers analysing and interpreting the same data. However, this
distinctive feature also presents researchers with challenges. Blikstad-Balas (2017)
outlines key challenges of using video in researching social practices. One challenge
is preserving important contextual framing while providing detailed enough analy-
ses. Another challenge is “magnification” of interesting yet atypical events in the data
at the cost of potentially ignoring or missing other relevant information. A common
approach in analysing large volumes of classroom video data is to gain an overview
across the dataset using standardised scores and then analyse segments of particular
interest in more detail (Klette, 2009; Snell, 2011). Such an approach requires observing
and scoring the data in a systematic way.

Alongside the development toward rewatchable video data, research has been
increasingly directed toward qualities of observation systems. Observation systems
are assessment systems comprised of rating tools, rating processes, and sampling
specifications, where the purpose is either to understand or improve teaching (Bell
etal., 2019; Liu et al., 2019). One of the benefits of observation systems is the common
vocabulary for classroom interactions that they offer for researchers and practitioners.
While the nature of observation systems is to reduce the qualitative richness of class-
room activity to quantified scores, this reduction both enables systematic comparison
between classrooms and is argued to provide the common tools for moving the field of
teaching and learning forward (Grossman & McDonald, 2008; Klette & Blikstad-Balas,
2018). Systematic scoring of lessons also requires assessing how accurately the given
observation system captures instruction in the specific context in which it is applied.
Continued developments of observation systems to provide valid and relevant results
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across contexts remains a challenge for educational researchers (Lietke, 2019; Luoto
etal., 2022).

Student perceptions of instruction

Administering questionnaires of student perceptions as a method of collecting class-
room data has decades of history (den Brok et al., 2006; Fraser, 1998; Fraser & Walberg,
1981). Since students spend time near daily in classrooms with various subject teach-
ers, they can be considered to have valuable insights that external observers cannot
feasibly gain. Several student questionnaires have been used as a measure of instruc-
tional quality, (see e.g. de Jong & Westerhof, 2001; Kane & Staiger, 2012) and care in
choosing an appropriate data source for constructs to be measured has been recom-
mended (Kunter & Baumert, 2006). Which dimensions of instructional quality have
reliable and valid measures through student surveys is still a matter of debate.

The Tripod survey is one student perspective research instrument, originally devel-
oped to gather feedback from students for school improvement in seven dimensions
of teaching (Ferguson, 2010; Phillips et al., 2021). Factor analyses have shown strong
correlations between the seven dimensions, suggesting that the Tripod question-
naire can be reduced to two dimensions at the between classrooms level: classroom
management and instructional support (Kuhfeld, 2017; Schweig, 2014; Wallace et al.,
2016). In the results of the Tripod survey as employed in the large-scale Measures of
Effective Teaching study (MET), the principal components accounting for most of the
variance in student responses at the teacher level were also found to be two: classroom
management and teachers’ overall performance (Kane & Staiger, 2012). In a study of
classrooms in Norway, the results of the Tripod survey were portrayed by individual
survey items, showing the three highest and three lowest rated items along with the
results of items that had been suggested as key for student achievement in the results
of the MET study (Klette et al., 2017). In their results, all the survey items suggested to
be key scored above the mean score for all items (M = 3.80). The lowest rated items had
to do with student agency and learning enjoyment, while the highest rated items were
about respect for the teacher and the quality of teacher explanations and assistance.

The relationship between student perceptions

and classroom observations

Student perceptions and their relationship to other measures have been studied
with somewhat mixed results. In the Global Teaching InSights study, most students
reported being cognitively engaged in lessons despite observation scores being mostly
on the low end of the scale in cognitive engagement (OECD, 2020). Further, Wallace
et al. (2016) used the large-scale MET database to compare the general response fac-
tor of Tripod to observational scores in three instructional domains in middle school
mathematics lessons. A weak correlation was found both with the emotional support
domain and instructional support, whereas no correlation was found with classroom
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management. Drawing on data from 291 mathematics middle school grades from
same dataset, Sandilos et al. (2019) examined correlations between the proposed seven
dimensions of Tripod and two observation systems. Some correlations were found
between the student perceptions and observation scores. A lower-medium correlation
was found between the specific dimensions identified to represent rigor, i.e. Tripod’s
“challenge” dimension (measuring both reasoning and persistence) and the observa-
tion system’s dimension “establishing a culture for learning”. A moderate correla-
tion was found between observation scores on the “questioning & discussion” factor
and all Tripod dimensions, the strongest being dimensions regarding rigor (“chal-
lenge”) and respecting student perspectives and promoting discussion (‘“confer”).
Each instrument’s relation to value-added measures was also studied. Three Tripod
dimensions (“control”, “challenge”, and “clarify”) were positively related to value-
added measures, while score variability within Tripod “control” and “challenge” were
negatively related to value-added measures. No significant relations to value-added
measures were found for the instructional domains in the observation systems in the
middle school mathematics grades. The mixed results from these two studies show a
somewhat unclear connection between Tripod student ratings and systematic observer
ratings of teaching, but some promising results in the relation between Tripod and
value-added measures. As a result, caution has been advised in using student surveys
for high-stakes teacher evaluations (Kuhfeld, 2017; Phillips et al., 2021). However,
studies on the connection between student perceptions and classroom observations in
specific dimensions of instruction, such as cognitive activation, are lacking.

Contrasts between what is observed in classrooms and student self-reported
perceptions is not a new phenomenon. In what was dubbed as the “Expanded rel-
evance paradox”, Clarke (2006) described the paradoxical results of comparisons
between classrooms in Sweden and Hong Kong. The application-oriented mathemat-
ics teaching found in Swedish classrooms was associated with students finding the
subject irrelevant to their lives, while in Hong Kong classrooms the pure mathematics-
oriented teaching was associated with students finding the subject important and rel-
evant. A similar paradox may apply in other aspects of instruction.

Mathematics teaching in Iceland

Studies of mathematics teaching in Iceland have shown that teachers prioritise students’
individual seatwork and practice in procedural fluency. In a report on lower second-
ary mathematics teaching, a majority of lessons were dominated by individual seat-
work in textbooks with only a third of observed lessons including explicit whole-class
instruction from the teacher with student discussions (Poroardottir & Hermannsson,
2012). Subsequent studies have reported the same common instructional pattern,
with student collaboration and teacher-facilitated mathematical discussions existent
but uncommon (Gunnarsdottir & Palsdéttir, 2015; Sigurgeirsson et al., 2014). In most
mathematics lessons, the selected tasks are low-level, or the teachers’ implementation
of tasks results in low intellectual challenge (Sigurjonsson & Gisladottir, 2020).
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Student perceptions of instruction was one theme of a recent large-scale study on
instructional practice in Iceland. A total of over 1600 Icelandic lower secondary stu-
dents were asked to assess how important they found seven different educational
factors. The results showed medium to strong correlation between every factor. The
factor labelled “every student’s well-being” was deemed most important by students,
with 87% responding with either somewhat or strong agreement. The second-least
important factor was “training students to think analytically and draw inferences”,
with 71% in either somewhat or strong agreement (Bjornsdottir & Jonsdottir, 2014).
Drawing on the same data, Sigbdrsson et al. (2014) found 69% of students considered
the instructional quality in their school either somewhat good or very good. Yet, sig-
nificantly fewer students said they enjoyed school or were interested in their studies,
with boys expressing less interest and enjoyment than girls. In follow-up interviews
with students, they called for more diverse tasks and options in assignments, stating
that demanding tasks would inspire more interest and enjoyment. However, the study
did not aim to draw connections between the reported student perceptions and class-
room observations. That is the intention of the current study.

Method

The sample consisted of ten mathematics teachers from separate schools in Iceland. The
teachers were sampled with the aim of establishing heterogeneity of school variables,
including school size, urban and rural locations, traditional and team teaching, and dif-
fering proportions of immigrant students. Three to four consecutive mathematics les-
sons were video recorded for each teacher, a total of 34 recorded lessons. Students in the
observed mathematics classrooms (n = 217) filled out a survey measuring their percep-
tions of their teachers. All recorded lessons were in 8th grade classrooms with students
aged 13—14. The survey administered to the students is a translated version of the Tripod
student perception survey which was piloted for a Nordic context in Norway (Ferguson,
2010; Klette et al., 2017).

Data analysis: Classroom observations

The lessons were scored using the Protocol for Language Arts Teaching Observations
(PLATO). The protocol has been employed successfully in other subjects such as math-
ematics (Mahanetal., 2021). In PLATO, lessons are scored in 15-minute segments. Each
segment receives a score on a 4-point scale on various elements of teaching, depend-
ing on the amount of evidence found in support of each element (Grossman, 2019).
PLATO consists of 12 elements, two of which relate to cognitive activation: Intellectual
Challenge and Classroom Discourse (Bell et al., 2019; from here on abbreviated as IC
and CD, respectively). Low-level IC (1 and 2) involves rote or procedural tasks where
students apply given procedures. High-level IC (3 and 4) is where students engage in
high-level thinking, e.g., by reasoning or justifying their solutions. A score in IC can
be adjusted by one point if the teacher changes the task from how it was initially pre-
sented. The challenge can either be increased, for instance if the teacher asks students
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to further explain their thinking or solution method, or reduced, such as if the teacher
solves the task for students. The CD element is divided into two sub-components:
uptake of student responses and opportunities for student talk, which together create
an overall score with uptake weighing more. Low-level CD (1 and 2) includes either no,
automatic, or brief teacher uptake of student ideas. High-level CD (3 and 4) may show
the teacher elaborating, revoicing, or asking for clarification of student ideas. Further,
for CD to reach a high level at least a third of the segment must include opportunities
for students to engage in content-related discourse.

The lessons were scored by three certified PLATO raters. To be certified, one must
pass a course with a certification test (White, 2018). For inter-rater reliability assur-
ance, the first segment of every other lesson was scored by two raters independently.
In case of a disagreement, the two raters discussed the reasoning for their scores to
reach an agreed score in accordance with the protocol.

Data analysis: Student perceptions

In this study, two subscales were constructed from the Tripod items that fit the
specific aspects of instruction measuring cognitive activation in the observation
protocol. One subscale formed a measure of student perceptions of the extent to
which the teacher engaged students’ reasoning and explanations of their answers.
The other formed a measure of student perceptions of discourse in the classroom,
i.e., the teacher respectfully inviting students to share their thoughts or ideas. The
construction of the subscales may reveal possible nuances between similar con-
structs in PLATO and the Tripod survey. The reasoning scale was constructed from
three survey items that best fit the IC element from PLATO. The discourse scale
was similarly constructed from three survey items that best fit the CD element
from PLATO. The reasoning and discourse subscales included specific items from
Tripod’s Challenge dimension and Confer dimensions, respectively. Items that spe-
cifically relate to cognitive activation were chosen, while items that do not directly
relate to cognitive activation were not used. Table 1 shows the survey items used.

Table 1: Items used from the Tripod survey and Cronbach’s alpha values for the two
subscales.

ITEM ITEM TEXT SUBSCALE e

REAS1 My teacher asks questions to be sure we are following along
when s/he is teaching.

REAS2 My teacher asks students to explain more about the answers

they give. Reasoning 0.67

REAS3 My teacher wants me to explain my answers—why | think what
I think.

DISC1 My teacher wants us to share our thoughts.
DISC2 My teacher gives us time to explain our ideas. Discourse 0.65

DISC3 My teacher respects my ideas and suggestions.
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A reliability analysis of the subscales yielded a Cronbach’s alpha value of 0.67 for
the reasoning scale and 0.65 for the discourse scale. The mean score for all items in
the survey was 3.62.

It is worth noting that some of the items refer to the teachers’ actions toward the
entire class (“we” and “us”) while others refer only to the specific student responding
(“me” and “my”). In the Icelandic translation of the survey this feature was retained,
preserving some potential to reflect differences in how students perceive that teachers
act toward them individually.

To connect the observation scores to student ratings, the PLATO scores for IC and
CD were used to determine different groups of teachers according to the observational
evidence and an order of teachers within groups. For instance, teachers with at least
one segment at the 4-level in either IC and CD comprise the group with the strongest
evidence of cognitively activating instruction. Within groups, teachers are ordered
according to the sum of their mean scores in IC and CD. Considering maximum seg-
ment scores in the relevant elements before mean scores ensures that observable evi-
dence of cognitive activation at a high level is not devalued by having some segments
at a low level.

Ethical considerations

Ethical issues are inherent with video recordings of classroom activity. All procedures
about confidentiality, permission, storing and sharing of data have been success-
fully reviewed and acknowledged by the Science Ethics Committee of the University
of Iceland. The study is conducted in accordance with the Data Protection Act no.
90/2018. For each recorded classroom an informed consent form was received from
participating teachers, as well as from each student and their guardians. An informed
consent form was received from participating teachers, each student, and their guard-
ians in the recorded classrooms. The consent states agreement or disagreement with
different parts of the larger study, such as being seen in the videos, use of video for
professional development purposes, and video being shared with other researchers
within the research centre. Participants were informed that they could withdraw from
the study at any time.

Results

The results of the observation data analysis will first be delineated to show how the
different groups of teachers have been identified and ordered. The results of the stu-
dent perceptions are then presented in light of the observation results.

Observed features of cognitive activation
The distribution of scores for IC and CD by teachers are seen in figures 1 and 2,
respectively.
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Figure 1: Distribution of segment scores by teachers in PLATO-IC (Intellectual Challenge).
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Figure 2: Distribution of segment scores by teachers in PLATO-CD (Classroom
Discourse).

Table 2 shows three ordinal groups created by the maximum scores each teacher
received for IC and CD in the observed lesson segments. Group A consists of teach-
ers who had 4-level segment scores in both IC and CD, while Group B consists of
teachers whose highest score in these elements was at the 3-level. Group C con-
sists of teachers whose highest score in these two elements was at the 2-level.
Within groups, teachers are ordered according to the sum of their mean scores in IC
and CD.
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Table 2: Ordering of teachers by ordinal groups from maximum scores in IC and CD,
and within groups by sum of mean scores of IC and CD.

TEACHER MAX(IC) MAX(CD) GROUP MEAN(IC) MEAN(CD) MEAN(IC + CD)

T, 4 4 A 3.50 3.38 6.88
T, 4 4 2.18 2.27 445
T5 3 3 2.60 2.40 5.00
T, 3 2 B 2.56 1.67 4.22
Ts 3 2 1.55 1.27 2.82
T 2 2 2.00 2.00 4.00
T, 2 2 1.80 1.60 3.40
Tg 2 2 C 2.00 1.38 3.38
Ty 2 2 1.75 1.38 3.13
Tio 2 1 2.00 1.00 3.00

Teachers T, and T, exhibited the strongest evidence of cognitive activation and comprise
group A. Group B consists of teachers T;, T, and T5. They showed some evidence of cogni-
tive activation but with some weaknesses, particularly in CD. Lastly, group C is teachers
T¢ to T;, who showed the weakest evidence of cognitive activation in the observed lesson
segments, with consistent scores at the 1-level and 2-level in both the IC and CD elements.

Student perceptions of cognitive activation

The student perceptions of cognitive activation can be connected to the observed cog-
nitive activation by viewing their responses in context with the ordering of teachers
based on the observed features of cognitive activation, where T, showed the strongest
evidence and T,, the weakest. The means and standard deviations for the reasoning
and discourse scales as rated by students in the Tripod survey are reported in table 3
along with observation scores for comparison. Student responses with a missing item
response are omitted from table 3.

Table 3: Means and standard deviations for the Reasoning and Discourse subscales
along with PLATO observation scores for IC and CD.

REASONING DISCOURSE GROUP PLATO-IC PLATO-CD

TEACHER N MEAN SD MEAN SD MAX MEAN SD MAX MEAN SD
T, 23 3.26 0.78 335 0.52 A 4 350 053 4 338 0.52
T, 9 426 036 3.70 0.93 4 218 117 4 227 127
T, 37 3.53 0.70 3.4 0.83 3 260 0.55 3 240 0.55
T, 16 338 0.50 3.33 0.80 B 3 256 053 2 1.67 0.50
T, 20 3.47 0.71 2.93 0.78 3 1.55  0.69 2 127 0.47

Te 10 4.03 0.76 3.93 0.86 2 200 O 2 200 O
T, 11 330 0.72 3.39 0.61 2 180 042 2 1.60 0.52
Tg 28 355 0.67 3.63 0.66 C 2 200 O 2 138 0.52
T, 11 3.48 0.92 342 054 2 1.75 0.46 2 138 0.52

Tio 24 3.07 0.85 318 0.70 2 200 © 1 .00 0
Total 189 3.46 0.76 3.32 0.75 215 0.77 1.80 0.87
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Figure 3: Reasoning subscale means by teachers in order by observed evidence of
cognitive activation.
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Figure 4: Discourse subscale means by teachers in order by observed evidence of
cognitive activation.

Student ratings of T, are the highest in the reasoning subscale. Standard deviation is
also comparatively low in this subscale, indicating that the students are generally in
agreement that T, provides them with opportunities to explain their thinking and rea-
son. However, T, is below the average in all reasoning subscale items with the second
lowest overall mean rating. In group B, T, T, and T, share similar ratings in the rea-

soning subscale, close to the overall mean. Some teachers in group C, such as T¢ and
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Ty, are rated at or above the average in reasoning, while T,, receives the lowest overall
rating.

On the discourse scale, student ratings of teacher T, are second-highest, but with
a higher standard deviation than in the reasoning subscale. Student ratings of T, are
around the average with a relatively low standard deviation. From group B, T; and T,
remain close to the mean while T; has the lowest overall mean rating. T from group C
receives the highest student rating on the discourse scale. Other teachers from group C
hover around or above the overall mean for discourse, except T,, who is slightly below
the mean. Figures 3 and 4 illustrate the mean student perceptions in the reasoning and
discourse subscales by teachers in order by the observed evidence of cognitive activa-
tion. The error bars show one standard deviation in each direction.

Discussion

The study aimed to contribute to the empirical knowledge of the validity and limita-
tions of student perception surveys and classroom observations in measuring cognitive
activation. The results suggest that there is a discrepancy between student perceptions
and classroom observations as measures of cognitive activation. The teachers that
were observed to show strong evidence of cognitively activating instruction according
to PLATO were evidently not rated highly by students on relevant items on the Tripod
survey. The two teachers showing strong and consistent evidence in both intellectual
challenge and classroom discourse showed different results. T; scored consistently at
the 3-level and 4-level in those instructional dimensions but was consistently rated
around the mean for each relevant item in the student survey. On the other hand, T,
had more variability in the PLATO-scores but was the teacher who was rated highest
on the reasoning subscale and second highest on the discourse subscale by the stu-
dents. There was strong agreement among the students that T, asked them to provide
reasoning for their solutions. The results from T, and T, may suggest that students in
classrooms where cognitively activating instruction takes place in tandem with more
rote activities may acknowledge or notice it to a greater extent than students who con-
stantly receive cognitively activating instruction.

Variability in scores can indicate differences in student outcomes (Sandilos et al.,
2019). T, had the lowest standard deviation in reasoning and the highest mean, but
the highest standard deviation in discourse and a mean slightly above average. On the
other hand, T, had an average standard deviation in reasoning and a mean slightly
below average, but the lowest standard deviation in discourse with an average mean.
Thus, these results may indirectly support the argument that high variability in stu-
dent ratings relates negatively to student outcomes. There is some evidence for stron-
ger agreement among students of teachers with higher observation scores, although
the relation between the two warrants further study.

As the field of research on teaching and learning lacks a common language for dif-
ferent dimensions of instructional quality (e.g. Grossman & McDonald, 2008), it is

worth discussing the terms used in the present paper on cognitive activation. Cognitive
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activation, according to Praetorius and Charalambous (2018), is the teacher’s selection
of challenging tasks and use of mathematically rich practices, facilitation of students’
cognitive activity and supporting students’ meta-cognitive learning from cognitively
activating tasks. Using this conceptualisation, the IC and CD elements from PLATO
were chosen as the observational measures of cognitive activation (Bell et al., 2019).
For the student perceptions, specific items from the Tripod survey were chosen to
construct two subscales that were deemed to represent student ratings of the cognitive
activation dimension of instruction by privileging aspects of cognitive activation mea-
sured by the two PLATO elements: the opportunity teachers give students to provide
reasoning for their solutions and answers, and opportunities to engage in content-
related discourse.

In the reasoning subscale, there was some discrepancy between survey items. In
REAS], it is entirely possible that many teachers did indeed ask their students ques-
tions for understanding yet proceeded to assist them in ways that diminished their
productive struggle, resulting in high student ratings but low observation scores. As
the analysis suggests, this item does not seem to accurately measure the same aspects
of cognitive activation that are captured in PLATO. It is in less agreement with other
related questions, which matches previous empirical findings (Schweig, 2014). It is
also worth reflecting on how student responses may differ if framed in the context
of student actions, as is done in the classroom management dimension of Tripod, as
opposed to the actions of their teacher. For instance, the REAS2 item (“My teacher asks
students to explain more about the answers they give”) might instead be phrased as
“I explain more details about the answers that I give” — or REAS3 (“My teacher wants
me to explain my answers — why I think what I think”) might be phrased as “Students
in my class explain why they think what they think in their answers”.

The results of the study also raise the question of student raters’ interpretation of
survey items across different contexts (Wallace, 2016). Would student raters in other
research contexts interpret the items pertaining to cognitive activation in a way that
would produce different results? Most students participating in the Global Teaching
InSights study reported that they felt cognitively engaged even though observation
scores in that dimension were mostly on the low end (OECD, 2020). There appears
to be emerging evidence that the “expanded relevance paradox” coined by Svan may
apply elsewhere, and perhaps there also exists a certain “cognitive activation paradox”
between the observed cognitive activation in instruction and students’ perceptions of
their cognitive engagement (Clarke, 2006). The extent to which this discrepancy is real
and the extent to which it may be due to different interpretations is not entirely clear.

The discrepancy found in these results reveals possibilities for future research
with a larger sample, and possibly warrants some caution in using student ratings for
evaluating cognitive activation. Although research has shown that cognitive activa-
tion is an important part of instructional quality (Bell et al., 2019; Krauss et al., 2020),
the results of this study give reason to doubt that cognitively activating instruction is
directly connected to students’ experiences of instruction being cognitively activating,
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despite moderate correlations found in a previous study using the (entire) relevant
Tripod dimensions with another observation system’s “questioning and discussion”
construct (Sandilos et al., 2019). Hiebert & Grouws stated that instruction is not merely
effective or not effective — instruction is effective for something (2007). Evidence sug-
gests that cognitively activating instruction positively impacts student achievement
(Baumert et al., 2010). Further research is justified on the connection between stu-
dent perceptions and educational outcomes, such as student achievement, different
instructional dimensions, or teacher value-added scores.

In this study, an effort was made to connect two different measures of instructional
practice in mathematics lessons. In discussing the divergent results, it is important
to note the difference between the measures. One was conducted by adult observers
trained in a classroom observation framework utilised to analyse four lessons in seg-
ments from each teacher via video recording. The other was conducted by 13-year-
olds filling out a student perception survey. Students are not trained in identifying and
analysing various instructional practices, nor are they expected to be. However, they
observe day-to-day classroom practices for the entire school year. Therefore, they can
provide valuable insight for researchers who can only feasibly observe a fraction of
the lessons that the students attend. Neither measure will show absolute truth — both
measures will have an inherent measurement error. Inter-rater reliability remains a
central issue in employing classroom observation frameworks, and uncertainty and
error is part of video coding (White, 2018). As for student ratings, the Tripod instru-
ment has been shown to measure classroom management as one factor, but evidence
islacking regarding whether the instrument can be used to measure other factors than
“teaching in general” in more detail (Wallace et al., 2016). However, promising evi-
dence has been found in positive correlations between the classroom management
factor and student outcomes (Sandilos et al., 2019). Naturally, this leads to the ques-
tion of which other dimensions of instructional quality can be obtained from student
perception surveys.

Conclusion

Echoing Praetorius’ (2014) concerns about equal validity between dimensions of stu-
dent rating, the results of this study give reason to question the validity of students’
capacity to assess more nuanced and complex pedagogical constructs such as cog-
nitive activation. Even though Tripod does not explicitly claim to measure cognitive
activation, the survey items that measure aspects of it exhibit a weak connection to
cognitive activation as measured by observers through PLATO. In other words, the
cognitive challenge that students perceive and report, i.e., opportunities to explain
their thinking with the teacher and engaging in classroom discourse, seems to stem
from other factors than intellectual challenge and content-related discourse as mea-
sured in classroom observations. Which factors influence those student experiences
remains unanswered. For this study it has not been our expectation to find an overall
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explanation for the discrepancy, which can be the subject of future research. Among
the dimensions of teaching measured by classroom observations, the results of this
study suggest that for the cognitive activation dimension there is room for develop-
ment in synthesizing instruments, such as the Tripod survey and PLATO, to measure
its different aspects more accurately. Interpretations of results by these instruments,
be it in research, professional development, or for educational accountability, should
be made with care. Further inquiry into connections between specific dimensions, as
observed by researchers and rated by students, will support more reliable and valid
measures for understanding and improving instructional practice.
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