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Abstract 

The results of the implementation of formative assessment into chemistry education at secondary 
school for the topic “Mixtures” are presented here. Students (12-14 years old, N=202) were divid-
ed into two groups – control (N=97) and experimental (N=105). Teachers of experimental group 
implemented formative assessment tools into ten lessons (a predictive card, Frayer model, self-as-
sessment card, T-card, concept map, and exit card). Control group teachers taught without for-
mative assessment. The Mann-Whitney U test confirmed statistically significant results (p<.05).
Keywords: formative assessment, secondary school, mixtures. 

Introduction

Children´s learning is the main aim of the school. Assessment plays an insepara-
ble role in that process (Black, 1993). Teachers use summative and formative assessment 
at their lessons. Michael Scriven has first used the term ‘formative evaluation’ in con-
nection with the curriculum and teaching (Scriven, 1967). Bloom, Hastings, and Madaus 
(1971) have mentioned ‘another type of evaluation which all who are involved - student, 
teacher, curriculum maker - would welcome because they find it so useful in helping 
them improve what they wish to do’, which they have termed ‘formative evaluation’. 
Such assessment becomes formative assessment when the evidence is actually used 
to adapt the teaching to meet student needs (Black & Wiliam, 1998). Evidence of the 
impact of formative assessment on students´ learning is clear and considerable (Black 
& Wiliam, 1998). Many studies have been devoted to assessment for learning (Zeng, 
Huang, Yu, & Chen, 2018). On the other side, there have been critical views on this 
assessment, arguing that there has been a limited body of scientifically based empirical 
evidence (Dunn & Mulvenon, 2009). As has been summarized in Dunn and Mulvenon, 
2009, researchers have reproached the small size of experimental groups, self-selection, 
study without a control group.

In Slovak schools, summative assessment has the main role in students´ assessing. 
As has been mentioned in OECD Reviews of Evaluation and Assessment in Education in 
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the Slovak Republic (Shewbridge, Van Bruggen, Nusche, & Wright, 2014),  the idea of 
formative assessment is not well understood by teachers, students, and parents. Results 
have shown that the integration of the assessment process in a formative way (especially 
with inquiry) has been a difficult task (Bernard, Dudek-Różycki, & Orwat, 2019). It is 
probably due to the fact that teachers have difficulties with finding a balance between 
giving to students the leading role at the lesson and guiding them by questioning.

The main aim of this research was to find out whether there are significant dif-
ferences in the results of students taught with formative assessment and students taught 
without formative assessment (summative assessment only).

Research Methodology 

The sample consisted of 202 students from five Slovak secondary schools. Of the 
202 participants, there were 75 (37.1%) young men, 80 (39.6%) young women, and 47 
(23.3%) participants with missing gender information. The sample consisted of the 7th 
grade secondary school students. They were randomly assigned either to a control group 
or an experimental group. There were 105 (52%) participants in the experimental group 
and 97 (48%) participants in the control group. 

Experimental group teachers implemented formative assessment tools into ten 
lessons (predictive card 3x, Frayer model 1x, self-assessment card 3x, T-card 2x, con-
cept map 1x, and exit card 1x) into the topic “Mixtures”. Teachers in the control group 
did not use formative assessment tools, and they taught and assessed without formative 
assessment. The teachers were provided with the types of tools that were applied in the 
evaluation process. Both groups were taught by the same teachers.

Cognitive test was given to both groups after ten lessons. The test was built in 
Bloom´s revised taxonomy and consisted of ten items - remember 2x, understanding 
3x, apply 2x, analyze 3x (Table 1). These questions were created and evaluated by the 
National Institute for Certified Educational Measurements of Ministry of Education, Sci-
ence, Research and Sport of Slovak Republic.

Table 1. The assignment of the test items to the Bloom´s learning domains.

Number of item Learning Domains 
1 Understand

2 Analyze

3 Analyze

4 Understand

5 Understand

6 Apply

7 Apply

8 Remember

9 Remember

10 Analyze
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First, a descriptive analysis of the items was performed to calculate the mean, 
median and the standard deviation. A Kolmogorov Smirnov test was used in order to 
determine whether the sample available corresponded to a normal distribution, and then 
independent comparison tests were performed with a significance level of p<.05. The 
sequence of Mann-Whitney U tests was conducted to compare the results of the control 
and experimental group. The statistical analysis was performed in SPSS ver. 18 (SPSS 
Inc, 2009).

Research Results 

The Mann-Whitney U test was performed for the entire test, groups of the items 
according to Bloom´s learning domains, and each of the items in the test separately. The 
results are presented in Table 2. 

Table 2. Results of the Mann-Whitney U test.

Experimen-
tal Group

Con-
trol 

Group
p-value

Mean Median Std. Devi-
ation Mean Median Std. Devi-

ation

Ite
m

s 
se

pa
ra

te
d

Item 1 .56 1.00 .499 .31 .00 .465 <.0001

Item 2 .53 1.00 .501 .19 .00 .391 <.0001

Item 3 .70 1.00 .458 .29 .00 .455 <.0001

Item 4 .80 1.00 .402 .66 1.00 .476 .025

Item 5 .87 1.00 .342 .80 1.00 .399 .231

Item 6 .48 .00 .502 .20 .00 .399 <.0001

Item 7 .30 .00 .458 .08 .00 .277 <.0001

Item 8 .42 .00 .496 .43 .00 .498 .842

Item 9 .59 1.00 .494 .14 .00 .353 <.0001

Item 10 .05 .00 .214 .10 .00 .306 .134

Ite
m

s 
gr

ou
pe

d

Remember .50 .50 .350 .29 .00 .321 <.0001

Under-
stand .74 .67 .282 .59 .67 .283 <.0001

Apply .39 .50 .388 .14 .00 .304 <.0001

Analyze .43 .33 .284 .19 .00 .240 <.0001
Entire test .53 .50 .208 .32 .31 .204 <.0001
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Results indicated the significant differences (p<.05) between the control and ex-
perimental groups in the entire test. Describing the individual items, results show highly 
significant differences for the usability score in all items except item 5 (p=.231), item 8 
(p=.842), which are focused on lower order thinking skills according to Bloom´s order 
(remember and understand) and item 10 (p=.134). Highly significant results were in 
items aimed to remember (Z=-4.360, p<.0001), items aimed to understand (Z=-3.895, 
p<.0001), items aimed to apply (Z=-5.103, p<.0001), items aimed to analyze (Z=-5.785, 
p<.0001). Depending on the results, mean of the score of the experimental group was 
higher than the score of the control group in all items except item 8 (.42<.43), and item 
10 (.05<.10), but it is visible that the difference was very small. 

Conclusions and Implications 

Because of the results of this research, it can be said that using formative assess-
ment in chemistry education statistically improves students´ knowledge. Mann-Whitney 
U test finds the difference to be highly significant in items aimed to remember, items 
aimed to understand, items aimed to apply, and items aimed to analyze. These results are 
preliminary, and it is important to confirm them after a longer period and after multiple 
interventions. In depth analysis could provide us with the information, which elements 
of formative assessment have influenced the scores. This gives us a field of how we 
could improve the next steps.
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