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Abstract 
Latvia began major educational reforms in 2006 but Latvian students’ performance on the 
mathematics portion of the Programme for International Student Assessment (PISA) assessment has 
remained consistent. Latvian students’ performance achievement in mathematics as measured by 
PISA is in the middle of OECD country rankings. Work on new educational reforms was begun in 2016 
and the government of Latvia has made it a priority to increase scores on the PISA assessments, 
especially its percent of top performers. This study explored possible reasons why scores have not 
increased. An analysis of 5 national tests was conducted as well as an extensive study of classroom 
teaching practices. PISA’s six proficiency levels in mathematics and the Structure of the Observed 
Learning Outcome (SOLO) taxonomy were used to make comparisons between overall country scores 
and teaching practices.  

An item analysis of the national tests showed that questions rarely required higher levels of cognitive 
demand. Only 8% of the 8th grade exam can be regarded as requiring deep cognitive thought and 
none of the 9th grade questions required such thinking. Observed lessons similarly showed that 
students lacked opportunities to develop thinking and reasoning strategies. An analysis of the 
cognitive demand present in sampled mathematics lessons showed that only 29% of the lessons 
indicated the use of higher-order cognitive skills on an acceptable level (2-3 on a scale of 0-3). The 
question arises if whether the teachers are merely teaching at a level that they know will be on the 
national tests, or are there more fundamental factors involved. Further research is necessary to 
understand what teachers understand as the objectives of mathematics instruction and what is higher 
order cognitive demand at their grade level. An understanding of these questions is necessary for the 
implementation of instructional practices that will develop success at higher order cognitive demand 
problems both on assessments such as PISA and in the real world. 
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1 INTRODUCTION 
Beginning in 2016 educational reforms in Latvia were directed towards promoting students` 
competencies and especially increasing critical and analytical thinking skills [1]. Major reforms in the 
country in this direction were begun in 2006 but Latvian students` performance in the mathematics 
portion of the PISA assessment have remained consistent, slightly below the OECD average, not 
varying statistically from other middle-level performing countries in the last nine years (see table 1.) 
[2]. 

Table 1.  Latvian Student Performance PISA Mathematics Assessment 2006 - 2015 

 2006 2009 2012 2015 

OECD PISA mean math score 498 496 494 490 

Latvia mean math score 486 482 491 482 

Latvian Top performers (% of students at level 5 & 6) 6 6 8 5,2 

Latvian Low performers (% of students below level 2) 20 23 19,9 21,5 

In 2015 5,2 percent of Latvian students were top performers at levels 5 or 6 and 23,4 percent of 
students were low performers, scoring below level 2 on the PISA assessment. The percent of low 
performing Latvian students is lower than the average OECD country average. However, the percent 
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of top performers is twice as small as the OECD country average. It is important to note that of all 
other countries in the same middle grouping as Latvia (mean score 477 -486) have more top 
performing students (Lithuania 6,9; Spain 7,3; Hungary 8,2; Luxembourg 10; and Malta 11,9).  

The government of Latvia has made it a priority to increase scores on the PISA assessment, 
especially its percent of top performers, as an indicator of the quality of education received by Latvian 
children. To ensure long-term economic growth, schools must graduate students equipped with 
higher-order critical thinking skills. At the highest proficiency level, students take a more creative and 
active role in their approach to mathematical problems. They typically interpret more complex 
information and negotiate a number of processing steps. They produce a formulation of a problem and 
often develop a suitable model that facilitates its solution. Students at this level can typically identify 
and apply relevant tools and knowledge in an unfamiliar problem context. They likewise demonstrate 
insight in identifying a suitable solution strategy, and display other higher-order cognitive processes 
such as generalisation, reasoning and argumentation to explain or communicate results [3]. 
Mathematics education in Latvia must be improved to equip youth with 21st century skills necessary to 
succeed in an ever-changing world. In an effort to understand the stagnant PISA assessment scores, 
various factors were considered. This study investigated the possible effects of and links to the 
manner in which mathematics is taught in the classroom and national diagnostic testing and national 
exams.  

The PISA assessment framework draft [4] defines three cognitive levels (low, medium, high) and 
seven performance levels that include a cognitive dimension. Based on the descriptions of these 
levels and the corresponding Structure of Observed Learning Outcomes (SOLO) taxonomy [5], [6] 
currently used in educational research and school practice, researchers at the University of Latvia  
developed instruments to analyse lesson and assessments to determine the cognitive depth of 
engagement necessary to complete mathematical tasks. Both the PISA assessment and SOLO 
taxonomy are measures of cognitive engagement. Lessons were coded by SOLO descriptors to make 
connections between cognitive demand in typical lessons and achievement on the PISA assessment. 
Research [7], [8], [9] confirms the positive effects of activities that develop deep cognitive demand on 
student performance and accomplishments. In the classroom, this includes the teacher setting clear 
learning goals, helping students recall previous learning experiences, enticing and interesting 
students, offering effective cognitive and metacognitive strategies helpful for knowledge construction, 
and providing constructive feedback [7]. 

In order to clarify how some aspects of the reforms adopted by the government are actually being 
implemented in the mathematics classroom and to identify connections to PISA results, this research 
used lesson observations. Observing and analysing classroom dynamics is a widely-used research 
tool [10], [11], [12] but is a comparatively new experience in Latvia [13], [14]. Teacher behaviours, 
assignments and class activities are determined not only by the official curriculum, but perhaps more 
so by what benchmark tests are testing. If teachers are planning their teaching according to exams 
and final tests [15] it is important to look at the national level testing system. 

The focus of the research was to investigate the cognitive demands required of Latvian school 
children in mathematics. The following research questions were addressed: 

1 What is the cognitive demand level of mathematics test items on the national exams and 
diagnostic tests? 

2 How do students perform on tasks requiring deep cognitive demand? 

3 What is the cognitive demand level of a typical Latvian mathematics lesson? 

2 METHODOLOGY 
National diagnostic testing in mathematics is done in the 3th, 6th and 8th grades. Diagnostic testing is 
done in specific content areas with the goal of improving student achievement. Summative exams are 
given in the 9th and 12th grades and are a measure of an individual students’ achievement in meeting 
standards in core subject areas [16]. The 12th grade exams are scored by the Ministry. The results of 
12th grade exams play a large role in determining university matriculation and career paths. Every task 
and item on the 2015/2016 diagnostic tests and exams at all five levels were evaluated, according to 
the SOLO taxonomy, for their depth of subject understanding necessary to answer the question 
correctly. Each item was ranked independently by four experts. The evaluations were compared and a 
final level agreed upon. 

0479



In this study, 8th and 9th grade (ages 14-16, corresponding to the age of students participating in the 
PISA assessment) tests were examined. Student results from the 2015/2016 school year include 
15564 8th grader and 15722 9th grader exams. Student national tests are graded by teachers in 
schools and scores are delivered to the National Centre for Education of the Republic of Latvia, using 
an electronic system. Analysis was done using the Iteman Test Analysis Program and WinsSteps 
Raschtest analysis programs.  

The diagnostic mathematics test administered to 8th graders consists of 30 questions. There are three 
major topics covered: factoring whole numbers, isosceles and equilateral triangles and linear 
inequalities. The questions are further subdivided into a total of 48 questions. Of these, 46 items are 
scored either 0 or 1 but two carry 0, 1, or 2 points. The maximum score is 50 points. Two skills were 
examined 1) the skill to give a complete explanation of the solution and, 2) the skill to arrive at a 
solution by trying specific examples, as a problem-solving strategy. 

The 9th grade exam consists of two parts. The first 25 questions are worth one point apiece but the 
second part consists of eight questions varying in value from three to seven points. The purpose of the 
exam is to assess student knowledge and skills corresponding to the primary school mathematics 
standards. The maximum score is 75 points.  

Research pertaining to lesson analysis was done in one municipality as a case study. The ten schools 
in the municipality are characteristic of the country as a whole. The schools include six comprehensive 
schools with students enrolled in 1st through the 12th grade. The municipality also includes a selective 
secondary school (grades 7-12), two elementary schools, one primary school, one evening secondary 
school. Of these ten schools, two are minority language (Russian-speaking) schools and two mixed 
Latvian/Russian instruction schools. In total, 57 mathematics lessons in grades 5-12 were observed, 
which included 97% of all the teachers that teach mathematics in the municipality. While students in 
this municipality scored better than the country average, the observed lessons give insightful 
information about the country as a whole. 

A wide range of data was collected about the observed lessons, but this study focused on three 
criteria; level of cognitive demand present in the lesson, clarity of learning goals, and constructive 
feedback to students. A team of trained experts, each with 10-15 years of experience in lesson 
analysis observed the lessons and used a lesson observation form developed by the researchers. 
Based on the classroom activities, tasks assigned and questions asked, each lesson was assigned a 
score of 0-3. The rubric for cognitive demand is given as an example (Table 2). 

Table 2.  Cognitive Demand Rubric* 

0 1 2 3 

The learning activity 
does not require 
students to construct 
knowledge. Students 
can complete the 
activity by reproducing 
information or by using 
familiar procedures 

The learning activity 
does require students to 
construct knowledge by 
interpreting, analysing, 
synthesizing, or 
evaluating information 
or ideas but the 
activity’s main 
requirement is not 
knowledge construction 

The learning activity’s 
main requirement IS 
knowledge construction 
but the learning activity 
does not require 
students to apply their 
knowledge in a new 
context 

The learning activity’s 
main requirement is 
knowledge construction 
and the learning activity 
does require students to 
apply their knowledge in 
a new context 

*Adopted from 21CLD Learning Activity Rubrics [17]. 

The assessment levels of the various instruments used to describe student performance are 
compared in Table 3. 
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Table 3.  Levels of Cognitive Demand Scales 

Level of cognitive 
demand 

PISA proficiency 
level 

PISA cognitive 
level 

National 
testing 

Lesson 
observation SOLO taxonomy 

High 5, 6 High High 3 Extended abstract 

Medium 4, 3 Medium Medium 2 Relational 

Low 2 Low Low 1 Multi-structural 

1a 0 Uni-structural 
Under low 1b    Pre-structural 

3 RESULTS AND DISCUSSION 
Results of the analysis of the national tests indicate that overall low levels of cognitive demand are 
required to complete the exam successfully. Table 4 shows the percent of test items by grade at each 
cognitive demand level as defined by SOLO.  

Table 4.  Cognitive depth analysis of items on national mathematics tests (2016) 

Grade Uni-structural level 
(percent of items) 

Multi-structural level 
(percent of items) 

Relational level 
(percent of items) 

Extended abstract level 
(percent of items) 

3. 40% 49% 11% 0% 

6. 23% 60% 17% 0% 

8. 12% 56% 24% 8% 

9. 23% 59% 18% 0% 

12. 9% 66% 17% 8% 

Table 5 summarizes the percent of students who successfully answered test questions rated at the 
SOLO taxonomy top levels (relational and extended abstract) by test question. Only two of the 8th 
grade test items (numbers 19 and 20) were rated as extended abstract.  No questions from the 9th 
grade test were rated as extended abstract. Average country scores along with the scores of the 
municipality participating in the case study are reported.  

Table 5.  Student Results on National Test Items Rated Relational and Extended Abstract using SOLO Criteria 

Grade 
Relational 

(by test 
question) 

Percent of students that 
correctly answered 

Extended 
abstract (by 

test question) 

Percent of students that correctly 
answered 

Country 
average 

Case study 
municipality  Country 

average 
Case study 
municipality 

8. 1.d 
2.c 
5.c 
6. 
8. 
9. 

10. 
14. 
17. 

29.a 
29.b 
30. 

44 
7 

38 
11 
11 
11 
24 
54 
17 
33 
19 
9 

58 
10 
44 
13 
14 
18 
25 
58 
22 
38 
25 
9 

19. 
20. 

 

7 
12 

15 
23 

9. 1.17. 
2.2. 

2.5.b 
2.6.b 
2.7.c 
2.8. a 
2.8.b 

52 
39 
43 
31 
23 
49 
19 

51 
50 
47 
39 
24 
51 
24 
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Two test items rated as extended abstract in cognitive demand are shown below.  

Item 19. Given an isosceles triangle whose congruent sides are shorter than the 3rd side. If the 
included angle of the congruent sides a, what are possible values of angle ? 

Item 20: Given isosceles triangle ABC with AB=BC, determine all possible points for the 3rd vertex, C 
in the plane (see fig. 1). 

 
Figure 1.  

While only 12% answered question 20 completely, it is heartening to note that only 10% of the 
students left the problem completely blank. More than half the students attempted the first steps in 
solving the problem by drawing specific examples that satisfied the stated criteria. 

Researchers rated the observed lessons on three criteria; the level of cognitive demand present, the 
clarity of stated learning goals and the feedback provided to students during the lesson. A scale of 0-3 
was used. The results are compiled in Table 6. Results showed that 72% of the material was at level 1 
or 0.  Only 6% of lessons observed were at the high cognitive level (level 3). 

Table 6.  Results according to the criteria selected (% of the observed lessons) 

Criteria/ Level 0 1 2 3 

the level of cognitive demand 46 26 23 6 

clarity of learning goals 20 30 23 27 

feedback 12 26 40 21 

The following example (transcript excerpt) demonstrates a low level of cognitive activity in a math 
lesson for Grade 7 led by Teacher I.  In the lesson, 7th graders are learning how to identify whether a 
particular number is a correct solution of a linear inequality.  The teacher starts the lesson 
demonstrating how to solve the problem. She then states the algorithm and gives the students 15 
similar problems to ‘drill’.  

Passage of lesson transcription : 

Problem: Are the numbers 8, 0, and -1 solutions of the linear inequality 2x-5>1? 

The teacher demonstrates a sample problem on the board.  

Teacher: I have to enter number 8 in place of x. Let’s write: 2*8-5>1 

Students copy.  

Teacher: Let’s write down our plan! Teacher dictates: 

1 Substitute the number in place of the variable.  

2 Calculate 

3 Determine if the inequality is true. 

4 Write down your answer. 

Teacher asks: What shall we write for the answer?  

The teacher answers her own question: Number 8 is correct for solution of the linear inequality.  
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The teacher calls one student to the board and tells other students to solve the same linear inequality 
with numbers 0, and then with -1. Students follow the example and carry out the tasks. 

The teacher asks the student at the board to move to the side so that the class can check if they have 
recorded everything correctly.  

Students receive the next 12 problems and one by one come to the board. The writing is done frontally 
and constantly compared with the board. Occasionally the teacher asks the class if they agree with the 
result. 

Classroom discourse, characterized by the experts as cognitively low, was found all too often in 
Latvia. Lessons are teacher-centered. Students are shown a specific algorithm with examples. They 
are then expected to memorize the information and practice more problems. Questions, often 
answered by the teacher herself, are about the procedure, not the reason behind the method or 
algorithm nor the meaning of the answer.  

Previous research [18] showed that the lack of higher order cognitive activity in lessons was 
connected with the lack of teachers` pedagogical understanding of how to build learning environments 
that encourage higher-order thinking. As other research confirms, the design and implementation of 
teaching strategies that enhance higher-order thinking among students are not a simple endeavour; 
they challenge even the most expert teachers [19]. Teachers need to become familiar with and 
understand what high cognitive demand tasks require and develop teaching strategies to be effective.  

Lessons were also ranked on clarity of learning goals. Only half the observed teachers articulated 
learning objectives that were compatible with the instructional sequence of the lessons. This may be 
explained by the fact that setting explicit goals for students’ learning is not required in the traditional 
Latvian instructional approach. Teachers lack the appropriate experience. Historically, teachers used 
curricula by authors that did not facilitate independent planning skills. Planning for student-centred 
learning requires a shift in teachers’ beliefs from “what am I, a teacher, going to tell my students during 
the lesson?” to “what are my students going to learn today?” This corresponds to research which 
shows that teachers may well be more comfortable with a traditional teaching mode [20] as 
characterized historically in Eastern Europe [21], [22]. Analysis of the data reveals that very often 
teaching in a classroom is performed in the mode of transmitting information and leads to the 
conclusion that the change of teaching and learning (curriculum 2006) has just begun. New education 
policy makers should focus on incorporating the changes planned in the new standards into the actual 
lessons in the classroom.  

4 CONCLUSIONS 
Analyses clearly show that national mathematics tests in Latvia do not measure higher-order critical 
thinking skills. To emphasize the importance of developing these skills and to increase the percent of 
top performers on the PISA assessment, national tests must be restructured to include a significant 
portion of questions that require these skills. Similarly, the mathematics lessons observed by the 
researchers showed a trend to limit student opportunities to develop higher order cognitive skills.  A 
focus on lower order cognitive activities in the classroom may be one of the significant reasons why 
many students fall short of attaining levels 5 and 6 on the PISA assessment. As the development of 
new national standards are undertaken, consideration must be given to these results.  

It is apparent that implementation of curriculum standards focused on the development of higher order 
thinking skills and not memorization of facts and procedures are dependent on a change in teaching 
practices. Secondly, it is important to introduce standards that directly address the development of 
critical thinking and reasoning skills. Doing so legitimizes the time and effort necessary to achieve 
these goals. Third, teachers must be supported. Diagnostic and summative assessments need to 
reflect new standards. In particular, these must be incorporated into national testing.  Materials that 
develop higher order thinking in specific topics from the mathematics curriculum must be provided to 
the teachers. In addition, diagnostic instruments that give teachers the tools to assess periodically 
their own student growth in critical thinking must be developed. Providing such sample tasks will not 
only gauge student growth, but also send a clear message to the teachers of what is expected of the 
students and of themselves. 

Given the consistent middle level results on PISA, it may be deduced that Latvian teachers do a good 
job in preparing students in learning requiring middle level cognitive demand, such as those seen on 
national tests, but fall short in preparing students for tasks requiring high cognitive demand, such as 
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those seen on the PISA assessment. The study indicates that further research is necessary to 
understand why high levels of cognitive demand are missing from math classes. As mentioned in the 
introduction, countries whose scores in mathematics were similar to Latvia’s had much higher 
percentages of top performers. Research remains to ascertain whether differences are explained by 
the findings discussed in this paper or are there still other factors to be considered. 
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