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Summary
	 A STEM education program entitled Come rain or 
shine implemented in a primary rural school in southern 
Greece as part of the Diffusion of STEM (DI-STEM) project 
and the results of its implementation are presented in this 
paper. The educational program deepened in weather ed-
ucation and intended to develop eight scientific practices 
for primary students proposed by the NGSS. Students’ 
pretest and posttest questionnaires revealed difficulties 
in adopting meteorological vocabulary and relative sci-
entific practices through weather measurements in their 
local environment. Students’ answers indicate a variety 
in their conceptual progress depending on the scientific 
practice being investigated. They showed great progress 
in analyzing & interpreting data, and using mathemat-
ics, moderate progress in developing & using models, 
and evaluating & communicating data), limited progress 
in asking questions & defining problems, and planning & 
carrying out investigations and a slight setback in con-
structing explanations and engaging in argument from 
evidence. Possible explanations and relative teaching 
implications for successful STEM education in primary 
education are discussed. 

Keywords: STEM education, primary education, scien-
tific practices

Introduction to scientific practices 
in the context of STEM education
	 The term STEM education integrates teaching and 
learning in the fields of science, technology, engineering, 
and mathematics across all grade levels in both formal 
and informal classroom education (Kelley & Knowles, 
2016). In the last two decades STEM education has been 
proposed as an educational reform of science education 
worldwide (National Research Council, 2011; Bybee, 
2013).
	 Since 1916, inquiry has been proposed by Dewey as 
a student-centered process in education (Barrow 2006). 
Since then, inquiry-based learning has been proposed as 
one of the most effective teaching approaches in science 
education (Minstrell & Van Zee, 2000). It is widely ac-
cepted that through inquiry students learn to solve prob-

lems of everyday life, are exercised in creative reasoning, 
sharpen their critical abilities, improve their ability of col-
laboration and communication, thus they are prepared for 
life (Tytler & White, 2019).
	 During the last decade, and specifically after the pub-
lication of the US Framework for K-12 Science Education 
(National Research Council, 2012) and the Next Genera-
tion Science Standards (NGSS) (National Research Council, 
2013), the term inquiry has gradually been replaced by 
eight Scientific and Engineering Practices, which are es-
sential for K-12 science and engineering curriculum: 1. 
Asking questions and defining problems, 2. Planning 
and carrying out investigations, 3. Developing and us-
ing models, 4. Analyzing and interpreting data, 5. Using 
mathematics, 6. Constructing explanations, 7. Engaging 
in argument from evidence, 8. Evaluating and communi-
cating information.
	 These scientific practices refine inquiry and are pro-
posed to be measured as students’ competencies for life 
at the end of secondary education (National Research 
Council, 2012, p. 49). In this frame, a debate concerning 
the use of the terms inquiry and science practices has been 
emerged (see for example Lederman & Lederman, 2014; 
Tytler & White, 2019). Concerning the debate about the 
use of the terms practices and skills the Framework for 
K-12 Science Education makes clear that the term practices 
in scientific investigation includes not only skills but also 
knowledge (National Research Council, 2012, p. 30). 
	 Moreover, scientific practices have been associated 
with many pedagogical and didactical terms in the lit-
erature of science education: problem-based approach 
(Kang et al., 2019), authentic experience, real-world is-
sues (Campbell & Oh, 2015; Martín-Páez et al., 2019), 
hands-on activities (Kang et al., 2019; Anand & Dogan, 
2021).  In addition, many researchers believe that active 
participation through scientific practices reinforces stu-
dents’ critical thinking (Kelley & Knowles, 2016). 
	 Nevertheless, research concerning the develop-
ment of students’ eight scientific practices proposed by 
NGSS is limited. Reiser et al. (2012) examined in detail 
scientific practices of explanation and argumentation and 
concluded that these two practices depend on each other; 
it means that engagement in argumentation is necessary 
to practice explanation construction (p. 6). In another re-
search, Engaging in Argumentation was the most success-

fully incorporated scientific practice by secondary teachers 
in science class (Kang et al., 2019). Other researchers in-
vestigated how curriculum materials could support teach-
ers to engage students in scientific practices proposed by 
the NGSS, but they were limited on four scientific practices 
(Arias et al., 2016). Mandrikas et al. (2023) investigated 
how a STEM educational program could enhance all eight 
NGSS scientific practices. 
	 Our research investigates the development of the 
eight scientific practices proposed by the NGSS through 
the implementation of a STEM educational program in 
an elementary school. The implemented program entitled 
Come rain or shine deepened on weather education, an 
issue of everyday life, but also with environmental im-
plications, in line with the need to promote sustainability 
(National Research Council, 2013; Feinstein & Kirchgasler, 
2014). 

Methodology
 

Research question
	 The research question of the present research is the 
following: to what extent the STEM educational program 
entitled Come rain or shine contributes to developing 
primary students’ scientific practices. Specifically, the 
research is analyzed regarding: 1. Asking questions and 
defining problems 2. Planning and carrying out investiga-
tions 3. Developing and using models 4. Analyzing and 
interpreting data 5. Using mathematics 6. Constructing 
explanations 7. Engaging in argument from evidence 8. 
Evaluating and communicating information

Sample
	 The research sample consists of 60 primary education 
students; 40 of them are 11-year-old students (5th Grade) 
and 20 of them are 12-year-old students (6th Grade). They 
all attended the 2nd Elementary School of Messini, a rural 
area in southern Greece. Students had not any previous 
experience in STEM education. The school under consid-
eration was included in the DI-STEM project as a Research, 
Innovation and Dissemination Hub giving the opportunity 
to teachers to be trained in STEM education by experts and 
implementing some STEM activities in their classrooms.  
The STEM education program titled Come rain or shine 
was implemented in all three classrooms. The program in-
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cluded the construction of a weathervane, a compass and 
a rain gauge by everyday materials, taking measurements 
and finding the average of temperature, wind direction 
and rainfall for a month using a digital weather station as 
well as comparison to data from previous decades.

Data collection
	 Data collection took place in March and April 2023. 
Primary students completed the same pretest and post-
test before and after the implementation of the educa-
tional program, under teachers’ supervision. The question-
naire consisted of 10 questions: 7 open-ended questions, 
2 multiple choice questions and 1 question based on a 
sketch/painting. The questionnaire was structured in ac-
cordance with the eight scientific practices proposed by 
the NGSS. Regarding the validity of the questionnaires, it is 
provided by the fact that all questions are related to eight 
scientific practices under consideration (content validity) 
and vice versa, the questionnaires included all scientific 
practices as they are analyzed in the NGSS. Moreover, the 
questionnaires were thoroughly tested by two experts in 
science education, experienced schoolteachers. They both 
agreed on the content validity of all items and in case 
of disagreement a third expert suggested corrections or 
modifications (Polit & Beck, 2006). 

Data analysis
	 Regarding the open-ended questions, qualitative 
content analysis method was used to analyze the data 
(Mayring, 2015). The answers have been sorted in three 
categories named scientifically acceptable, partially scien-
tifically acceptable and unacceptable (Shepardson et al., 
2014). Criteria for this classification were the scientific ex-
planation provided and the accuracy of the text, given the 
young age of the students. The range between different 
percentages recorded in pre-post questionnaires has been 
estimated and discussed. Regarding the multiple-choice 
questions, students’ answers were categorized according 
to the pre-determined answers and recorded in Table 1 
and Table 2. Regarding the question based on a sketch/
painting, students’ answers were categorized according to 
the content of the painting (e.g. one or more instruments)

Results & Discussion
Asking questions & defining problems
	 Students were asked to identify scientific and non-
scientific questions by distinguishing testable and non-
testable questions among five given statements (Table 
1). According to pretest and posttest it seems that stu-
dents showed limited progress in identifying the testable 
questions (statements 1, 2, 4) and the non-testable ones 
(statements 3, 5). 
	 It seems that Come rain or shine has slightly reinforced 
students’ ability to recognize testable questions and thus 
to ask questions that can be investigated. It seems that 

engagement in scientific investigations is a complicated 
procedure, which requires multiple kinds of knowledge, 
a fact also ascertained by other researchers (Crawford & 
Capps, 2018). 

Planning & carrying out investigations 
	 Students’ ability to plan and carry out investigations 
has been checked through three questions. The first ques-
tion asked students to produce data to serve as the basis 
for evidence for an explanation. Specifically, the students 
were asked if there are differences in rainfall between dif-
ferent cities in Greece (Table 2). Before the implementa-
tion of Come rain or shine half of the students (50%) 
believed that there is moderate difference and 23% big 
difference, while after the implementation findings re-
vealed limited improvement (corresponding percentages 
reached 53% and 40%).  
	 The second question asked students to plan and in-

amount of rainfall during the whole winter and to compare 
it with that of this week, 6th Grade, st. 10). Partially sci-
entifically acceptable answers increased up to 55% either 
referring to an instrument (It will rain a lot and we will see 
with the rain gauge how many millimeters, 6th Grade, st. 
14) or to a weather forecast (We can take indications from 
weather stations, 5th Grade, st. 13). Unacceptable answers 
decreased to 40%, and some of them revealed confusion 
between weather and climate (I could do it, because the 
climate of my area does not have big changes, 5th Grade, 
st. 3) or included some reference to climate change (This 
phrase can be checked to have climate change, 5th Grade, st. 
8). 
The third question asked students to plan and investigate 
using appropriate methods and tools for collecting data. 
Specifically, the students were asked to choose suitable 
objects and make a measuring instrument, device, ex-
perimental set-up, or procedure to check the rainfall and 

Table 1.    Percentages of students’ correct answers about scientific and non-scientific questions 

Table 2.   	 Percentages of students’ answers about producing data for evidence for an explanation: Maria 	
	   	 who hates the rain is trying to decide which region of Greece to move to study. Do you think 
		  there will be a difference in rain from city to city?

Table 3.   	 Percentages of students’ answers about using fair tests: How do you think the sentence “Next 	
		  week it will rain as much as it hasn’t rained all winter” can be tested? 

vestigate using fair tests in which variables are controlled. 
Specifically, the students were asked to check how much 
rain might fall in the next week (Table 3). Before STEM 
activities none of the answers was scientifically acceptable 
and 42% were partially scientifically acceptable. In this 
category, we included answers that referred to an instru-
ment (It can be tested by rain gauges, 6th Grade, student 
(st. 20) or a weather forecast (I can see the weather on me-
teo.gr, 5th Grade, st. 15), but they did not imply some kind 
of comparison. In addition, most of the answers (58%) 
were unacceptable including blank answers and tautolo-
gies (It means that it will rain so much as never before in 
this winter, 5th Grade, st. 4). After the implementation of 
Come rain or shine a few scientifically acceptable answers 
appeared (5%) (To test this statement we must record the 

to depict it with a sketch/painting (Table 4). Even before 
the implementation of STEM activities many students 
(43%) could give scientifically acceptable answers, most 
of which clearly referred to the construction or the use of 
a rain gauge (Figure 1). Partially scientifically acceptable 
answers (45%) referred to meteorological instruments, 
to general weather measurements (With a measuring 
scale of rainfall, 5th Grade, st. 11) or to the weather fore-
cast advice besides the rain gauge construction, while 
the rest 12% were considered as unacceptable answers. 
After the implementation of Come rain or shine scientifi-
cally acceptable answers increased up to 60% and some 
of them included the description of the scientific proce-
dure of measurement (Figure 2), while partially accept-
able decreased to 31% and unacceptable answers slightly 
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decreased to 9%. 
	 Summing up the results of the three questions we 
conclude that students made little progress in planning 
and carrying out an investigation. Although they seem 
able to produce data to serve as the basis for evidence 
for an explanation and to use appropriate methods and 
tools for collecting data, they are not ready to describe 
and use a fair test including appropriate observations, ac-
curate measurements, finding of an average, comparisons 
between data recordings and correlation of variables. Οur 
findings are compatible with other research according to 
which students can engage in scientific observations and 
scientific investigations (Metz, 2011) but at the same time 

face several challenges when engaging in these science 
practices (Eberbach & Crowley, 2009). More teacher guid-
ance is proposed to face these challenges as well (Arias 
et al., 2016). Concerning research in STEM education, our 
findings are like Kang et al. (2019) about active students’ 
enactment in investigation, which constitutes an authen-

tic practice introductive to problem-solving process, as 
proposed by Crippen & Antonenko (2018).

Developing & using models
	 Concerning students’ ability to develop and use 
models, students were asked if they could approximately 
predict the March temperature in Messini if weather data 
from previous years were provided (Table 5). Before the 
implementation of STEM activities, only 10% of the 
students gave scientifically acceptable answers (Yes, be-
cause of the climate that is repeated with almost the same 
conditions every year, 5th Grade, st. 1). A significant 43% 
declared that they can predict March temperature, but 
without any explanation or procedure (I think I can predict 
March temperature, 6th Grade, st. 1). Most of the students 
(47%) did not give scientifically acceptable answers, 
including blank answers, comparison of inappropriate 
variables (I can see the temperature of this year, 5th Grade, 
st. 10), some kind of connection with climate change and 
confusion between weather and climate (No, I could not 
predict, because the weather changes, 5th Grade, st. 11). 
After implementing Come rain or shine scientifically ac-

ceptable answers slightly increased 
up to 13% (Yes, I could predict, be-
cause temperature values ​​are usu-
ally the same or similar every year, 5th 
Grade, st. 2), unacceptable answers 
decreased to 20% and most stu-
dents (67%) gave partially scientifi-
cally acceptable answers. 
	 In this question, it was expected 
that students would invoke the 
repeating weather pattern or the 
function of local climate as a model 
of explanation. Our findings revealed 
that students made moderate prog-
ress in using such a model, while 
they are probably convinced that 
March temperature will be approxi-
mately the same as last March, but 
they cannot adequately explain this 
pattern. However, even this moder-
ate students’ progress in developing 

and using models indicates that Come rain or shine has 
quite successfully transformed the scientific practice of 
modeling into students’ experience, as proposed by other 
researchers (Campbell & Oh, 2015). 

Table 4: Percentages of students’ answers about methods and tools for collecting data: Make a measuring 
	          instrument, a device, an experimental set-up or a procedure, so you can check if next week it will 
	         rain as much as it didn’t rain all winter.

Figure 1.   “A rain gauge with a ruler” (6th Grade, st. 2, pretest)

Figure 2.  	 According to the translated text “A rain gauge is necessary and also a table on which we have 
		  recorded the rainfall for the whole winter” (5th Grade, st. 12, posttest)

Table 5.   Percentages of students’ answers about developing & using models: Could you approximately 
	           predict the March temperature in Messini if you had weather data from previous years?
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Analyzing and interpreting data
	 Concerning students’ ability to analyze and interpret 
data, students were asked to answer a question in two 
parts. In the first part (Table 6a), students were asked for 
drawing conclusions after collecting daily temperatures in 
March. Before STEM activities 71% of the students could 
not give scientifically acceptable answers. As partially sci-
entifically acceptable answers (27%) were counted these 
referring to  general estimation of temperature (I can tell 
how hot or cold it is, 6th Grade, st. 15), these referring to 
continuous increase or decrease in temperature (Every 
day and every hour temperature increase or decrease, 5th 
Grade, st. 12) and these referring to daily temperature 
changes (We can see how temperature changes every day, 
6th Grade, st. 11). After the implementation, scientifically 
acceptable answers became 14% of the total (I concluded 
that March is a warm month with average temperature of 
14,8 oC, 5th Grade, st. 5). Partially scientifically acceptable 
answers increased up to 44% including those implying 
data comparison (We can conclude that March of this  
year is warmer or colder than previous months of March, 
6th Grades, st. 8), those referring to general temperature 
estimation (We can infer how warm or cold the month 
is, 5th Grade, st. 3) and those referring to daily tempera-
ture changes (Temperature in March rarely is the same, 6th 
Grade, st. 10). Finally, answers that were not scientifically 
acceptable decreased to 42% and distributed to the same 
categories as before the implementation of STEM activities. 
According to these findings, students showed significant 
progress in analyzing and interpreting data (Table 6a). 
	 In the second part (Table 6b) students were asked 
what other weather data they would need to draw more 
conclusions. Before STEM activities, 77% of the students 
gave scientifically unaccepted answers, such as I don’t 
know answers and answers that denied other data (No, we 
don’t need other data, 6th Grade, st. 1). As partially scien-
tifically acceptable answers (15%) were counted answers 
referring to a weather station (To find more data we put in 
external location an improvised weather station, 5th Grade, 

st. 7), to the help of meteorologists (We would need am-
eteorologist to help us, 5th Grade, st. 11), to comparisons 
with previous years (We can take last year’s records and tell 
what has changed, 6th Grade, st. 8) and these referring 
one or two weather parameters except temperature. After 
implementing Come rain or shine scientifically acceptable 
answers increased from 8% up to 24% with references to 
more than two weather parameters except temperature 
(We should have measured humidity, rainfall, wind direc-
tion and other parameters, 5th Grade, st. 2) or to meteoro-
logical instruments (We will need a rain gauge, wind vane 
and a digital weather station, 5th Grade, st. 8). In addition, 
partially scientifically acceptable answers increased from 
15% to 36% with references to one or two weather pa-
rameters except temperature (I would need the rainfall, 
the humidity, 5th Grade, st. 14). Finally, unaccepted answers 
decreased from 77% to 40% and distributed to the same 
categories as before the implementation of STEM activities. 
The findings revealed significant progress in analyzing data 
for making sense of phenomena (Table 6b).
Combining findings from Table 6a and Table 6b, it is con-
cluded that students showed noticeable progress in ana-
lyzing and interpreting data to make sense of phenomena 
and in using logical reasoning. Students’ ability to mea-
sure quantities by using scientific instruments, to organize 

simple data sets, to compare data, and to reveal patterns 
that suggest relationships have been improved. Our find-
ings are in line with Kang et al. (2018), who found that 
analyzing and interpreting data was the most successfully 
implemented practice by students and teachers. 

Using mathematics
	 Concerning students’ ability to use mathematics they 
were asked to answer a question in two parts. In the first 
part (Table 7a) students were asked to identify which 
data they consider important for estimating the weather. 
Before the implementation of STEM activities half of the 
students (50%) gave scientifically unaccepted answers. 
These included blank answers, answers indicating confu-
sion between weather data and weather instruments (The 
elements are thermometer and wind vane, 5th Grade, st. 
9), answers indicating confusion between weather and 
climate (It is important to measure the temperature of the 
location and the climate of the location, 5th Grade, st. 11) 
and answers referred only in weather forecast. As partially 
accepted were counted answers including two weather 
parameters (20%) (How much cold or hot it is and how 
much rain or snow will fall, 5th Grade, st. 3) and as scientifi-
cally acceptable answers including three weather param-
eters (30%) (Important elements for weather estimation 
are temperature, wind direction and rainfall, 5th Grade, st. 
2). After the implementation of Come rain or shine sci-
entifically acceptable answers increased to 67%, which 
means that most of the students could successfully report 
at least three meteorological parameters.  Partially accept-
able answers diminished to 7% and unaccepted answers 
were limited to 26% either indicating confusion between 
parameters and corresponding instruments (The important 
data are a thermometer, a wind vane, a rain gauge etc, 5th 
Grade, st. 2) or indicating confusion between weather and 
climate (The data from previous years…, 5th Grade, st. 3). 
	 In the second part (Table 7b) students were asked to 
decide whether all data can be accurately measured or 
some of them may be descriptive. Before STEM activities 
85% of the students gave scientifically unaccepted an-
swers, such as blank answers, and answers that revealed 
some misconceptions. As partially scientifically acceptable 

Table 6a.    Percentages of students’ answers about analyzing and interpreting data: Suppose that you 	
 		  have collected, using thermometer, daily temperature data ​of your area during March. 
		  What conclusions can you draw?

Table 6b.  	 Percentages of students’ answers about analyzing and interpreting data: What other weather 	
		  data would you need to be able to draw even more conclusions?

Table 7a.   	Percentages of students’ answers about using the appropriate object or tool: Which data do 	
		  you think are important for estimating the weather?

Table 7b.    Percentages of students’ answers about recognizing qualitative and quantitative data: In your 	
		  opinion, can everything be accurately “measured” or are there some data that are more descriptive?
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(13%) were counted the answers that recognized descrip-
tive data, but without giving any examples (No, all data 
cannot be accurately measured, because there are some 
that they are more descriptive, 5th Grade, st. 1). After the 
implementation, scientifically accepted answers increased 
from 2% to 31% (There are some data more descriptive like 
sunshine, winds, the ripple of the sea, 5th Grade, st. 8) and 
unaccepted answers decreased from 85% to 60%. Finally, 
partially scientifically acceptable answers decreased from 
13% to 9% mostly recognizing the existence of descrip-
tive data but without giving any specific example (There 
are some data that are more descriptive, 5th Grade, st. 15).
	 In general, participants of the present study showed 
noticeable progress in using mathematics in the sense of 
choosing the appropriate instrument for corresponding 
measurements and discriminating between qualitative 
and quantitative data. Students’ skills in using mathematics 
unfolds more obviously in the case of measuring, estimat-
ing, and comparing parameters to address scientific and 
engineering questions and refine problems. This finding is in 
contrast with these of Kang et al. (2018) who recorded low 
score in the scientific practice of using mathematics. 

Constructing explanations
	 Concerning students’ ability to construct explana-
tions, students were asked to explain the differences be-
tween two thermometers placed in different places in the 
school (Table 8). Before the implementation, only 12% of 
the students could give a scientifically acceptable answer 
(The difference between the two values is due to altitude, in 
higher altitude it’s colder while in lower altitude it’s hotter, 
5th Grade, st. 2). 13% of the students answered intuitively 
giving partially acceptable answers (The higher the alti-
tude, the lower the temperature due to the mountains, 5th 
Grade, st. 7) or attributed different values on measurement 
errors (One thermometer may be broken and the other is 
working properly, 5th Grade, st. 3). Most of the students 
(75%) gave unaccepted answers. Students’ answers also 
revealed three misconceptions: 1. There is more sunshine 
on the roof (The thermometer on the roof will show higher 
temperature, because it is closer to the sun, 5th Grade, st. 
14), 2. The thermometer on the roof is more accurate 
(Because one thermometer is lower and isn’t as accurate as 
the other, 6th Grade, st. 13) and 3. The temperature on the 
roof is higher due to winds (The thermometer on the roof 
shows higher temperature, because more wind “hits” the 
roof than the yard, 5th Grade, st. 6). After the implementa-
tion of Come rain or shine scientifically acceptable answers 
decreased from 12% to 7% and partially scientifically ac-
ceptable answers decreased from 13% to 9%, Moreover, 
the unacceptable answers increased from 75% to 84%. 
Among them blank answers, tautologies, and the three 
misconceptions appeared again. 
	 Our findings are in contrast with the literature (Rei-
ser et al. 2012) who considered students’ engagement in 
explanation as effective, when such engagement relates 

to argumentation, arguing that developing explanatory 
accounts includes not only construction but also compari-
son and critique (p. 7). This close relationship between ex-
planation and argumentation is also highlighted by other 
researchers (McNeill & Krajcik, 2012). In our case, it seems 
that suggestions of Reiser et al. (2012) for focusing on rea-
sons for ideas, creating a climate that is safe for students to 
be wrong and asking students rich questions that have mul-
tiple plausible answers were not sufficiently cultivated. 
	 Regarding the confirmed misconceptions, they 
have been recorded in the relevant literature. First, the 
answers mentioning that the thermometer on the roof 
shows higher temperature because it is closer to the sun, 
implies the well-known misconception that air gets heat 
directly from the sun and not from the absorbed and then 
emitted heat of the ground and of the greenhouse gases 
(Henriques, 2002; Lutgens & Tarbuck, 2007). Second, the 
answers stating that the thermometer on the roof is more 
accurate reveal difficulties in conducting a fair test or con-
sidering the appropriate parameters, as has been found in 
other research concerning various kinds of measurements 
including temperature measurement (Keles et al., 2010). 
Other researchers have already found similar students’ dif-
ficulties concerning the measurement of length, area and 
volume (Tan Sisman & Aksu, 2016) or mass (McDonough 
et al., 2013). Similar errors, misunderstandings and mis-
conceptions have been recorded in other studies further 
investigating measurements (Carifio & Perla, 2007; Yun et 
al., 2016). Third, the tendency to correlate the wind speed 
with temperature by associating high speed with cold 
wind has been also reported by other researchers (Driver 
et al., 1994; Lee & Butler-Songer, 2003).
Engaging in argument from evidence

	 Concerning students’ ability to engage in argument 
from evidence through using data to evaluate claims 
about cause and effect, students were asked to describe 
a procedure for ascertaining the opinion that the hottest 
month in Messini is June (Table 9).  Before the implemen-
tation of STEM activities some students (12%) could give 
acceptable answers referring both to daily temperature 
measurements and appropriate comparisons between 
months. 27% of the answers were partially acceptable, 
referring either to daily temperature measurements for 
a month or to some comparisons between months (We 
could compare the temperature of June with other months, 
5th Grade, st. 7). Most of the students (61%) gave unac-
ceptable answers including blank answers, simple positive 
answers with some explanation, simple negative answers 
with some explanation, answers referred to a weather fore-
cast, answers referred to some comparison with previous 
years and answers implying some measurements.
	 After the implementation scientifically acceptable 
answers decreased from 12% to 4% and partially scien-
tifically acceptable answers remained unchanged. In the 
contrary, the unacceptable answers increased from 61% 
to 69%. Among them blank answers, simple positive 
answers with some or without explanation (His opinion 
is correct, 5th Grade, st. 13), answers referred to a weather 
forecast (We will visit meteo.gr to see if it is true, 5th Grade, 
st. 10), answers referred to some comparison with previ-
ous years (I would open meteo.gr to make comparisons 
with other years, 5th Grade, st. 3), answers implying some 
measurements (In June we will take a thermometer to 
measure the temperature, 6th Grade, st. 4), references to 
instruments (We will use a thermometer, 6th Grades, st. 9) 
and answers implying elements of climate (I would look 

Table 8: 	 Percentages of students’ answers about constructing explanations: Suppose you have placed 
		  two thermometers in two different places of the school, for example one in the yard and the 	
		  other on the roof. Can you explain the difference in the two values?

Table 9.   Percentages of students’ answers about engaging in argument from evidence: A friend of yours 	
	          claims that the hottest month in Messini is June. What would you do to ascertain whether his 	
	          opinion is correct?

Table 10.  Percentages of students’ answers evaluating & communicating data: You decide to present the 	
	             results of your research entitled “In April 2023 it rained more than in March 2023” by making a 	
	            graph. What elements do you consider essential to have in your graph?
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at all the temperatures of the last few decades and then 
compare, 6th Grade, st. 1). In general, students’ ability for 
engaging in argument from evidence has been slightly 
worsened despite the implementation. Possible reasons 
could be related to the fact that the daily measurements 
of the temperature for a whole month were not accom-
panied by further discussion and evaluation of recorded 
data. Maybe students were not efficiently engaged in 
temperature measurements, in estimation and compari-
sons of data, in sum and average calculation, in cause-
and-effect connection into a procedure, and in argumen-
tation to solve a problem or to check a claim. 
	 Our findings are in contrast with these of Reiser et 
al. (2012) who examined in detail scientific practices of 
explanation and argumentation and found that students 
could argue for their provided explanations with elaborate 
and precise way which improved the causal account (p. 
11). Our findings are also incompatible with these of Kang 
et al. (2019), who found that Engaging in Argumentation 
was the most successfully practice incorporated by sec-
ondary teachers in their science teaching practice. How-
ever, other researchers emphasize the difficulty students 
face when developing scientific arguments (Zembal-Saul 
et al., 2013) especially when they are novices in a domain 
(Lee & Butler-Songer, 2003). Probable explanations for 
these contradictable results could be based on teachers’ 
difficulties in supporting students to familiarize with these 
practices, as already has been supported by other research-
ers (McNeill, 2009). In fact, Arias et al. (2016) after focusing 
on four science practices proposed by the NGSS concluded 
that All teachers struggled with supporting the construction 
of evidence-based claims and those without supports did not 
push for justification for predictions (p. 1521). 

Evaluating & communicating data through 
tables, diagrams, and charts
	 Concerning students’ ability to evaluate and commu-
nicate data, students were asked to present the results of 
a hypothetical research called In April 2023 it rained more 
than in March 2023. What are the necessary elements in-
cluded in your graph? using a graph (Table 10). Before the 
implementation most students (71%) gave scientifically 
unacceptable answers. Partially acceptable answers were 
given by 22% of the students referring only one correct 
element (I have to know the rainfall of these months, 5th 
Grade, st. 11), while only 7% of the students gave scien-
tifically acceptable answers depicted in a graph (Figure 
3). After the implementation scientifically acceptable an-
swers increased from 7% to 29% (The title of the graph, 
the vertical axes, the rainfall and the months, 5th Grade, st. 
6). Improvement has been recorded in unacceptable an-
swers, which decreased from 71% to 49%. 
	 It seems that primary students showed a moder-
ate progress in their ability to communicate scientific 
and technical information in written formats, including 
tables, diagrams, and charts. Thus, it seems that abilities 

like intuitive reading of diagrams, combining informa-
tion in written text with that in corresponding diagrams, 
comparing data appearing in various media, using data as 
scientific evidence are still abilities to be further improved. 
Our findings seem to be more encouraging than Kang et 
al. (2018) who recorded very low students’ scores in Ob-
taining, Evaluating, and Communicating Information as a 
scientific practice proposed by the NGSS and better than 
relative students’ results in the case of orally communicat-
ing findings to classmates (Kang et al. 2019). 

Conclusions and teaching 
implications
	 Our research intended to investigate the way a STEM 
program can contribute to the development of primary 
students’ science practices. In this context, through Come 
rain or shine primary students were guided to construct 
their own meteorological instruments, to take measure-
ments of meteorological parameters during a whole 
month, and to extract conclusions about their local envi-
ronment based on their own recordings. 
	 The findings of the present study vary according to 
the scientific practice being investigated. In particular, 
great progress has been recorded in a) analyzing & in-
terpreting data, and b) using mathematics, moderate 
progress was recorded in a) developing & using models, 
and b) evaluating & communicating data, little progress 
was recorded in a) asking questions & defining problems, 
and b) planning & carrying out investigations, and a slight 
setback has been noted in a) constructing explanations, 
and b) engaging in argument from evidence. In addition, 
in several answers has been recorded a confusion between 
the terms weather and climate. Moreover, in some cases 
the term climate has been used by students as synonym 
of climate change, a term that is constantly in the news 
and students probably hear it without understanding it. 
Finally, some misconceptions have been emerged with 
the most well-known being that the thermometer on the 
roof shows higher temperature because it is closer to the 
sun. 

	 Students’ young age (5th and 6th Grade) and lack of 
previous experience in STEM activities could justify the 
unbalanced display of results depending on the scientific 
practice being investigated. Particularly, this is why stu-
dents showed great progress in analyzing & interpreting 
data or using mathematics, but no progress in construct-
ing explanations or engaging in argument from evidence. 
The first ones were already known in students through other 
subjects and were reinforced through STEM activities, but 
the latter ones were both new to both students and teach-
ers, so students faced several difficulties towards them. 
	 So, some useful suggestions for better results would 
be more authentic engagement of students in measure-
ments, finding of average, discussions on recorded data, 
comparisons between data, and selection of appropriate 
time periods for comparisons. Special help for students 
or special instructive tools would   facilitate students in 
constructing explanations and in engaging in argument 
with evidence. In general, some implications for suc-
cessful STEM education in primary education would be 
the appropriate transformation of scientific knowledge, 
a concrete set of measurements, deeper estimation of 
data, design of authentic students’ experience, and more 
hands-on activities.
	 However, there are several limitations to our research 
which prevent the generalization of findings and con-
clusions. First, students’ answers were not cross checked 
through interviews, which could provide some clarifica-
tions in the written answers of the questionnaires. Second, 
the sample is limited and derived only from one elemen-
tary school. Third, the implementation was made in a rural 
school without any previous experience in STEM activities. 
Thus, suggestions for further research would be the imple-
mentation of Come rain or shine in a wider audience. 
	 However, the meteorological “core” of Come rain or 
shine offered a chance to introduce STEM in primary edu-
cation. Students engaged in scientific practices proposed 
by the NGSS and made some progress in some of them. 
They also had the opportunity to experience the stages of 

Figure 3.  “In April 2023 it rained more than in March 2023” (5th Grade, student 1, pre-test)
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scientists’ work, a procedure not usually occurring in typi-
cal teaching of science in class. Finally, the implementa-
tion of meteorological activities in STEM education could 
be an introduction to long-term measurements at the lo-
cal level contributing to citizen science in the context of 
climate change and beyond. 
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